1 TRENCH STRUCTURE | N MULTI LAYER WAFER Fi el d of Invention The present
invention relates to the manufacture of nultilayer, wafers, in particular,
ultra thin buried oxide (UTBOX) wafers particularly de3|gned for the
fabrication of CMOS devices: The invention, nore particular, relates to

t he manufacture of shallow trench |soﬁat|on (STI') nodul e intended for the
el ectrical insulation of individual MOSFETs. Background of the invention
Silicon on thin buried oxide |ayers or ultra thin buried oxide (UTBOX) are
advant ageously characterized by snmall variations of the threshol d-voltage
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partlcul ar, the fully depleted CMOS technol ogy allows for | ow voltages and
| ow- power circuits operating at high speeds. Modrreover, fully depleted SO
devi ces are considered as nost prom sing candi dates for allow ng for
reduced short channel effects (SCE). Silicon on Insulator (SO) wafers
and, 'nFﬁgﬂW nJTBOX wafers formthe basis for the high-performance
MOSFET an te(?hnol ogy. The control of the SCEis mainly facilitated
by the thinness of the active silicon layer formed above the insul ator,
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‘Background of the invention

Silicon on thin buried oxide layers or uifra thin buried oxide (UTBOX) are advanta-
geously characterized by small variations of the threshold-voltage and, thus, of grow-
ing interest in present and future CMOS technology. In particuiar, the fully depleted
CMOS technology allows for low-voltages and low-power circuits operating at high
speeds. Moreover, fully depleted SOI devices are considered as most promising can-

didates for allowing for reduced short channel effects (SCE).

Silicon on Insulatqr (SOI) wafers and, in particular, UTBOX wafers form the basis for
the high-performance MOSFET and CMOS fechnology. The L'control of the SCE is
mainly facilitated by the thinness of the active silicon layer formed above the insulator,
i.e. buried oxide (BOX) layer. in order to reduce the coupling effect between source
and drain and, furthermore, with respect to the scalability of thin film devices for future
technoiogies, the provision of very thin BOX layers is mandatory. Conirol of the
threshold voltage also depends of the thinness of the BOX layers. Appropriate implan-
tation of the substrate below the BOX layer allows for accurate adjustment of the

threshoid voltage by back biasing.



In the manufacture of SO devices, in particular, CMOS devices usually
trenches have to be forned, for exanple, in order to electrically isolate
i ndi vi dual MOSFETs from each other. The formed trenches can be. cl eaned,
slightly oxidized, and subsequently filled with an oxide |iner and sone
insul ator material above the liner an@ thereby, shallow trench isolation
(STI) structures are formed. However, in the manufacture of such trench
structures, for exanple, STls, a problemin the formof the so-called
Birds's Beak Effect arise. The Birds's Beak Effect in the context of the
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Thus, there is a need for an improved method for the formation of trenches and corre-

sponding isolator structures that alleviates the Birds’'s Beak Effect.

Description of the Invention

The present invention addresses the above-mentioned need and, accordingly, pro-
vides a method for the manufacture of a trench structure in a multilayer wafer compris-
ing a substrate, an oxide layer on the substrate and a semiconductor layer on the ox-

ide layer, the method comprising the stepé of

forming a trench through the semiconductor layer and the oxide layer (BOX layer) and

extending into the substrate; and



By the step of the thermal anneal Bird's Beak effect during subsequent
~manufacturing steps based on the formed trench can effectively be reduced.
The sem conductor material overflow ng the oxide exposed in the trench
prevents underetching of the sem conductor |ayer in subsequent cleaning
processes and unintended |ateral oxida&tion of the previously exposed oxide
| ayer when form ng an oxide liner, for exanple, on the inner surfaces of
the trench. According to an enbodi nent, a cleaning treatnent of the trench
after the anneal treatnent is perforned The cl eaning treatnent may
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over the exposed oxide surface. After the thermal anneal and cl eaning
treatnent a formation of an oxide liner in the trench may be perforned.
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the previously exposed oxide layer when forming an oxide liner, for exampie, on the

inner surfaces of the trench.

According to an embodiment, a cleaning treatment of the trench after the anneal
treatment is performed. The cleaning treatment may comprise cieaning with a hydro-
fluoric solution, in particular, dipping in a hydrofluoric soiution. No underetching of the
semiconductor fayer is caused by the hydrofluoric solution due to the protecting coat-
ing by the material of the semiconductor fayer flown due to the thermal annealing over

the exposed oxide surface.

After the thermal anneal and cleanihg treatment a formation of an oxide liner in the
trench may be performed. The oxide liner may be formed by thermal oxidation of the
wafer including the trench. The thickness of the formed oxide should be sufficient to
consume the overfiown semiconductor material and by doing that preventing the elec-
trical short/connection between top Si layer and silicon substrate below the BOX layer.
The method may, fur’thef, comprise filling the trench with an insulator material after the

anneal treatment and after formation of the oxide iiner.

The anneal treatment is performed, for example, at a temperature of at least 1100°C,
in particular, at least 1150 °C and, more particularly, at least 1200 °C. Moreover, the

anneal treatment can be performed in a hydrogen and/or argon atmosphere. The



In the above-descri bed exanples for the inventive nethod, the BOX | ayer
may have a thickness in the range from5 to 20 nmand the top

sem conductor layer in an UTBOX wafer may have a thickness in the range
from10 to 50 nm Thus, a trench can be forned in a UTBOX wafer conprising
a very thin BOX layer and a thin silidon |ayer intended to serve as an
active layer for a sem conductor device, for-exanple, an 501 CMOS devi ce.
Since the Bird' s Beak effect is particularly problematic for thin BOX

| ayers it is to be noted that by the inventive provision of the thernal
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above t hgmggbstrate; form ng a second oxide | ayer above another substrate;
and bonding the first and the second oxide |layers within a wafer transfer
process (therby form ng the oxide | ayer, BOX | ayer, sandw ched by the
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even for such thin BOX layers of some 2 to 20 nm Bird’'s Beak effect can effectively be

suppressed.

Furthermore, the multilayer wafer in the above examples may be provided by
forming a first oxide layer above the substrate;

forming a second oxide iayer above another substrate; and

bonding the first and the second oxide layers within a wafer transfer process (therby
forming the oxide layer, BOX layer, sandwiched by the substrate and the semiconduc-

tor tayer, and removing the other substrate.

it is noted that in the case that the multilayer is provided in this manner, the thermal
anneal step of the present invention advantageously results in a consolidation of the
bonding interface of the first and second oxide layers (that form the BOX layer of the
wafer) in the sense of a complete closing of the interface thereby resulting in an ho-
mogeneous BOX layer. Due to the thus achieved homogeneity of the BOX layer Bird's
Beak Effect caused by lateral oxidation when forming by thermal oxidation an oxide

liner at the inner surfaces of the trench can significantly be suppressed.



manuf acturing the trench (structure) in the nultilayer wafer according to
one of the above-described exanples; form ng a MOSFET over and partially
in the nultilayer wafer; and form ng anot her device over and/or in the

mul tilayer wafer such that the other device is separated fromthe MOSFET
by the trench (structure). In particulsar, in this nmethod the substrate may
be doped to serve as a back-gate substrate and the ot her device may
conprise a back-gate term nal intended for back-gate biasing.

Additionally, the present invention also provides a nethod for the

manuf actTHe §redent ifveatighakepaovities a methpd ifer thg nidreifadteesoicf seraiconddter i ng
the trench structure |n the r¥ultllayer waf er according to one of the
above- dE8VFE FOMRIBNGINESIERSH i ng a node dielectric on the inside surfaces
of the trench after the anneal treatnent; and filling a conductive

material in the trench after the formatlon of the node dij el ectrlc
el ect r ott@nuiacturingethepijendhe(styatie) iny Benmubilaysr waten agearding PN P@.Pﬂ?n and

t he ot hSBo@Meé@xb@@%@%p@é t he (doped polysilicon) substrate.

forming a MOSFET over and partially in the multilayer wafer; and

forming another device over and/or in the multifayer wafer such that the other device

is separated from the MOSFET by the trench (structure).

In particular, in this method the substrate-may be doped to serve as a back-gate sub-
strate and the other device may comprise a back-gate terminal intended for back-gate

biasing.

Additionally, the present invention also provides a method for the manufacture of a

trench capacitor, comprising the steps of

manufacturing the trench structure in the muitilayer wafer according to one of the

above-described examples;

forming a node dielectric on the inside surfaces of the trench after the anneal treat-

. ment; and
filing a conductive material in the trench after the formation of the node dielectric.

One electrode is formed by the conductive material filled into the trench and the other

may be formed by the (doped polysilicon) substrate.



6 Additional features and advantages of the present invention wll be
described with reference to the drawings. In the description, reference is
made to the acconpanying figures that are neant to illustrate preferred
enbodi nents of the invention. It is understood that such enbodi nents do
not represent the full scope of the irmvention. Figures la and 1f
illustrate an exanple of a nmethod for the manufacture of an STl in an SO
waf er according to the present invention. Figure 2 illustrates a part of a
silicon on ultra thin BOX device according to an exanple of the present
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| ayer) and the second layer 3 is a silicon layer 3. The multilayer wafer
show in Figure |a may be obtained by sone wafer transfer technique as .
known in the art. For exanple, a silicon |layer 3 may be grown on a donator
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bonded to each other and the donor substrate is renoved | eaving the wafer
conpr i sFinwré Relhsanatdy atpartlof 4 biticox oo eitrathdn BDXaddvitdacsodingdon drageam3. I n
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| ayer 3P PETSENHIBVEANL 2 and extending into the substrate 1 as it is
shown in Figure I'b. Formation of the trench may be facilitated by form ng
a mask | ayer, for exanple, a nitride mask | ayer atop of the silicon |ayer
3 and a photoresist atop of the mask |ayer (not shown). After patterning
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r enoved.
multiplayer wafer is described. A wafer as shown in Figure 1a is provided. The multi-

layer wafer comprises a substrate 1, a first layer 2 and a second layer 2. According to
the present example, the multipiayer wafer is an SOI wafer, i.e. the substrate 1 is a
silicon substrate 1, the first layer 2 is an oxide layer (a BOX layer) and the second
fayer 3 is a silicon layer 3. The multilayer wafer show in Figure 1a may be obtained by
some wafer transfer technigue as known in the art. For example, a silicon layer 3 may
be grown on a donator substrate and, subsequently, a silicon (di)oxide layer is formed
on the silicon layer 3. On the other hand, a silicon (di)oxide layer is formed on the sub-
strate 1. During the wafer transfer process the oxide layer formed on the silcon layer 3
and the oxide layer formed on the substrate 1 are bonded to each other and the donor
substrate is removed leaving the wafer comprising the substrate 1, the oxide layer 2

and the silicon iayer 3.

in the waifer shown in Figure 1a a trench 4 is formed through the silicon layer 3 and
the oxide layer 2 and extending into the substrate 1 as it is shown in Figure 1b. For-
mation of the french may be facilitated by forming a mask layer, for exampie, a nitride
mask layer atop of the silicon layer 3 and a photoresist atop of the mask layer (not
shown). Afier patterning the trench 4 can be etched and both the mask layer and the

photoresist are removed.



After the formation of the trench 4 in the nmultiplayer wafer a rapid
thermal anneal process 100 is perfornmed (see Figure 1c). For this, the
waf er (the trench) is subject to an anneal atnosphere, for exanple, built
of hydrogen and/or argon at a tenperature of at |east 1100C, for exanple,
1150 C, in particular, 1200C or 1250C7or nore, and for at nobst 4 m nutes,
for exanple, at nost 2 or 3 mnutes. The rapid thermal anneal process 100
results is sone flow of the silicon of the silicon |ayer 3 at the inside
surface of the trench 4 such that the flowing silicon at |least partially
covers the part of the oxide layer 2 that is exposed at the inner surface
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1f) . ByNaKE thaesH 4@ éré@rﬁ@nzom B?lla\hydbtﬁludk@%BEiT@n afscuhownaﬁm@re ddnFbe
separated from each o he separated MOSFET sqr:% drf} rent

conduct E¥@mples 9&&3%59@%9%@%@5@ sgiptian masPeieraclor IPBC'P%'?*%P e a
menor y r‘e%'énlg tﬁ@tre%ﬁ@rptmde?e@wo?ﬁté sifdbriaVer §%”éﬁéc$rlrélg prélehted by Rch
capaci t or or th purpose, on the inner surfaces of the trench 4 shown
in Fi gupwlollsi}bmefiorm%j arowal treatneent 09, After the Higaning process PG ANIM4YE de or
silicon t t r | th a
ol ect i R folied BhUBE (RS suTOSTOHRE Hohop S RbTFRTR 18, Fnd brag inst

ni ckel , 5efaa, beoformed dopadrmall opsddtionofor eSaaipla it raermtygeammoasmeream Hee-

ConneCt A cBRVREEE O B S MoL At Bt BB B e

met hod efogrepuf acturing a trench structure and particularly an STl is
illustrated. In the shown exanple, a silicon on UT-BOX device is shown
that conprises a MOSFET 10 conprising a gate el ectrode 7 and sidewal |
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appr opr trabitentddped to function as a back-gate substrate. Mreover, the
shown device conprises a back-gate termnal 11 | ocated between STIs 6.
Another STI 6 limts the shown active region on the right-hand side. It is
not ed t patording toi tle she@han@mpmy, the tfepichus filsl aitksontedisblatorshaterial 8, fepacer s
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The above-described manner of forming the trench structure shown in Figures ic and

1d may also be used for the formation of a trench capacitor and, in particular, for the



Al'l previously discussed enbodi nents are not intended as |imtations but
serve as exanples illustrating features and advantages of the invention.
It is to be understood that sonme or all of the above described features
can al so be conbined in different ways. 9 Cains 1. Method for the

manuf acture of a trench structure in & nultilayer wafer conprising a
substrate, an oxide |layer on the substrate and a sem conductor |ayer on
the oxide |ayer, the nethod conprising the steps of formng a trench

t hrough the sem conductor | ayer and the oxide |layer and extending into the
subst r afematiod giex hroemoemgeedn femeeshpler eaDRAM cell anh801,ocarepriginge sobh such

that at,the inner, surface of the trench so mat erjal._of the sem duct or
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further conprising performng a ¢leanipng treatnent of the trench after the
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di pping in a hydrofluoric solution.
: tor can be connected to an access transistor that is also formed on and partially in the

muitilayer wafer.

in Figure 2 another application for the inventive method of manufacturing a trench
structure and particularly an STi is illustrated. In the shown example, a silicon on UT-
BOX device is shown that comprises a MOSFET 10 comprising a gate electrode 7
and sidewal!l spacers 8. in the active silicon layer 3 a channel region 9 is formed below
the gate electrode 7. Source/drain regions are formed adjacent to the channel region
in the sificon iayer 3. Below the silicon layer 3 a very thin BOX layer 2 is located that is
formed on a polysilicon substrate 1. The substrate 1 below the active region of the
MOSFET 10 is appropriately doped to function as a back-gate substrate. Moreover,
the shown device comprises a back-gate terminal 11 located between STis 6. Another
STI 6 fimits the shown active region on the right-hand side. It is noted that silicide re-
gions may be formed adjacent to the sidewall spacers 8 and that it might be preferred

that the gate electrode is at ieast partially silicidized.

in the example shown in Figure 2 is it particularly advantageous to provide STis
manufactured according to the present invention, i.e., formed by process steps includ-
ing the thermal anneal as it is described with reference to Figure 1c thereby avoiding
the Bird’'s Beak Effect that otherwise would result in a significant deferioration of the
performance of the finished silicon on UTBOX (CMOS) device.

All previously discussed embodiments are not intended as limitations but serve as
examples iliustrating features and advantages of the invention. It is to be understood
that some or all of the above described features can also be combined in different

ways.



4. The method according to one of the preceding clains, wherein the anneal
treatnent is perfornmed at a tenperature of at |east 1100C, in particular,
at least 1150 C and, nore particularly, at |least 1200 C. 5. The nethod
according to claim4, wherein the anneal treatnent is perforned in a
hydr ogen and/ or argon atnosphere. Thegrethod according to claim4 or 5,
wherein the anneal treatnent is performed for at nost 4 mnutes, in
particular, at nost 3 mnutes and, nore particularly, at nost 2 mnutes.
10 7. The method according to one of the preceding clains, wherein the
subst r aDtaigespri ses or consists of silicon, in particular, polysilicon,
and/ or the oxide | ayer conprises Si02 and/or the sem conductor |ayer
conprises or consists of silicon, in particular, single crystal silicon.

8. The net hofheddPfod 'tﬁhgnhﬂu%refof EheeRheg/RAYWIE i bahiBlaydh@a Rl RohipeisOXi de
| ayer has a thickness in the range from5 to 20 nm and/or the

sem conduct oingl apebsirate. an Phidekaverson thet sidsirairgand AGeMIcONdCEY layar @ The

net hod accor g (ﬁﬁp‘agggrtpé "ie@f"cﬁéﬁor mﬁgﬂg Q(?ﬁ% ¢ further conprising

provi di ng the st oxide | ayer above the
substrat e;

forming a trench through the semiconductor layer and the oxide layer and ex-

tending into the substrate; and

performing an anneal treatment of the formed trench such that at the inner sur-
face of the trench some material of the semiconductor layer flows at least over
a portion of the part of the oxide layer exposed at the inner surface of the

french.

2. The method according to claim 1, further comprising performing a cleaning

treatment of the trench afier the anneal treatment.

3. The method according to claim 2, wherein the cleaning treatment comprises
cleaning with a hydrofluoric solution, in particular, dipping in a hydrofiuoric solu-

fion.

4. The method according to one of the preceding claims, wherein the anneal
treatment is performed at a temperature of at least 1100°C, in particular, at
least 1150 °C and, more particularly, at least 1200 °C.

5. The method according to claim 4, wherein the anneal freatment is performed in

a hydrogen and/or argon atmosphere.

6. The method according to claim 4 or 5, wherein the anneal treatment is per-
formed for at most 4 minutes, in particular, at most 3 minutes and, more par-

ticularly, at most 2 minutes.



form ng a second oxi de | ayer above anot her substrate; bonding the first
and the second oxide layers within a wafer transfer process and renoving
the other substrate. 10. The method according to one of the preceding
clainms, further conprising formng, in particular, by thermal oxidation,
an oxide liner in the trench after tht)anneal treatnment. 11. The net hod
according to one of the preceding clains, further conprising filling the
trench with an insulator material after the anneal treatnent. 12. Method
for the manufacture of a sem conductor device, conprising the steps of
manuf acvur i nghé heethoe rcbosinguti one of thd pbescading tlaes, wiadrein thecsubdiratg t o

ft . ‘m . :
(r)rnft ?| ayg(ra \F,)\éqergsgsleélngﬂcéo%fﬁé og '&ﬁcngnr,]% gar%gggo?y\éﬁ{co%nagn grrtwe%lx%&/e i!agr}ert he
comprises Si0O, and/or the semiconductor layer comprises or consists of siii-

con, in particular, single crystal silicon.
8. The method according to one of the preceding claims, wherein the oxide layer
has a thickness in the range from 5 to 20 nm andfor the semiconductor layer

has a thickness in the range from 10 to 50 nm.

9. The method according to one of the preceding claims, further comprising pro-

viding the multilayer wafer by
forming a first oxide layer above the substrate;
forming a second oxide layer above another substraie;

bonding the first and the second oxide layers within a wafer transfer process

and removing the other subsirate.
10.  The method according to one of the preceding claims, further comprising form-
ing, in particular, by thermal oxidation, an oxide liner in the irench after the an-

neal treatment.

11.  The method according to one of the preceding claims, further comprising filling

the trench with an insuiator material after the anneal treatment.
12.  Method for the manufacture of a semiconductor device, comprising the steps of

manufacturing the trench siructure in the multilayer wafer according to one of

the preceding claims;

forming a MOSFET over and partially in the multilayer wafer; and



form ng another device over and/or in the nmultilayer wafer such that the
other device is separated fromthe MOSFET by the trench structure. 13. The
met hod according to claim 12, wherein the substrate is doped to serve as a
back-gate substrate and the other device conprises a back-gate term nal.
14. Method for the manufacture of a ttench capacitor, conprising the steps
of manufacturing the trench structure in the nultilayer wafer according to
one of the preceding clains; form ng a node dielectric on the inside
surfaces of the trench after the anneal treatnent; and filling a

conduct i ve nfdreirdgaénathert devite enehamd/oein theenililayat ivafercfuch Hbanibgenther

dielectric. device is separated from the MOSFET by the trench structure.

13.  The method according fo claim 12, wherein the substrate is doped to serve as

a back-gate substrate and the other device comprises a back-gate terminal.

14.  Method for the manufacture of a trench capacitor, comprising the steps of

- manufacturing the trench structure in the multilayer wafer according to one of

the preceding claims;

forming a node dielectric on the inside surfaces of the trench after the anneal

treatment; and

filling a conductive material in the trench after the formation of the node dielec-

fric.



