I Method

For Forming A GE on 1ll/V-On-Insulator Structure FIELD OF THE INVENTION

The

field of this invention is that of Semiconductor On Insulator (SeOl) structures enabling the formation of

high-mobility channel transistors. 5More precisely, the invention relates to an improved method for
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microelectronic technology hgs been.able to shri di ions of its basi ent, namely the
transistor, and thus to increa@‘ee %J(;%%r %;rcr)r]; 'Rgmkéﬁeonmﬁo%) '?nSUIaioﬁaﬁ&Slﬁpé

ctures. BACKGROUND OF THE INVENTION 10During the past forty years,

nsi NSISTOrs In circuits, as well as to improve the

performance of egRLITANNSTHETING FEase is found to follow a very well known exponential curve
called "Moore's law". For the first part of this 15 curve, the performance increase was directly derived
from the smaller dimensions of the transistor, but for the last ten years, high-performance

silicon-based CMOS ("Criepltsiterdarshidelaléntide Serthaindiicie!)iewmotiay Gas letigdivsavily on
materials innovati

aspect of the m a':&n%ﬁi r%%’é%%?ésg\}%é % ﬁlﬁéﬁzggé?%ﬁé%s re ;fﬁrﬁ%%%éﬁ%g&c?}%bﬁ?g%%%% '[S%%r%rir]eer

mobility and thus to reatfidrighpesciselydesityinwdntionlinedtyasartsfearin imighevgserioatnascddor the

inconceivable to (Bf

circuit. This aspect hgs beendotlﬁjfshe%to its limits for the last generations, so now it is either

NSt B

i _ F&%train or the mobility increase 25 saturates even if more strain
is applied. However the need to gain more performance through carrier mobility gain is still present.

Field-effect type trapsi n lectric fi ntrol the shape and hence the conductivity of
channel of one ty?égg%ﬁg(ég%gr?gﬁf@%{wgmﬁj P nhauctivity ot a

emiconductor material. New high-mobility materials are

expected to 30 replace silicon in the channels of such transistors. The most studied high-

10

]

20

25

30

During the past forty years, microelectronic technology has been able
to shrink the dimensions of its basic element, namely the transistor, and
thus to increase the density of transistors in circuits, as well as to improve
the performance of each transistor. This increase is found to follow a very
well known exponential curve called “Moore's law”. For the first part of this
curve, the performance increase was directly derived from the smalier
dimensions of the transistor, but for the last ten years, high-performance
silicon-based CMOS (“Complementary Metal-Oxide Semiconductor”)
technology has relied heavily on materials innovations at the transistor level
to maintain generational performance trends.

One aspect of the material innovations was to increase the strain in
the silicon crystal to boost carrier mobility and thus to reach high current
density, which directly transfer in higher performance for the circuit. This
aspect has been pushed to its limits for the last generations; so now it is
either inconceivable to continue to build more strain or the mobility increase
saturates even if more strain is applied. However the need to gain more
performance through carrier mobility gain is still present.

Field-effect type transistors rely on an electric field to control the
shape and hence the conductivity of a channel of one type of charge carrier
in a semiconductor material. New high-mobility materials are expected to
replace silicon in the channels of such transistors. The most studied high-
mobility materials for NFET (“N Field-Effect Transistor”) are Ill/V materials,



mobility materials for NFET ("N Field-Effect Transistor") are IIIN materials, 2 and in particular GaAs
and InGaAs. Pure Ge or SiGe alloys are usually contemplated for PFET ("P Field-Effect Transistor").
However, manufacturing structures comprising such new materials, in 5 particular Semiconductor On
Insulator (SeOl) structures, remains problematic. Se01 structures comprise one of more thin layers
of semiconductor materials on a buried insulating layer, covering a support substrate, generally made
of silicon. But, silicon on the first hand and GaAs or InGaAs 10 on the other hand are crystalline
materials having very different lattice parameters which cannot easily match. A layer of InGaAs grown

on a silicon substratei threedeticuiie Bats cayrt andRidetsPuwsliGandrdGiGeattogswinie hudiastycally
reduce performances, unles er gjgnk,l%;]ger I is grown from a silicon substrate to
accommodate for ﬁ?@\%@agﬁﬁe{%rn%e ?I(a ti éei(g%ﬁr?g?n%@?,sﬁgoléﬁ'is time consuming and expensive.
More compatible support substrates exist, for example made of GaAs or InP, but such alternative

substrates are eXpenSiV%%Péﬁsr‘ﬁ%ﬁfngﬁqggg] eg%g%‘ﬁﬁc%iﬁﬁgn@%@ \mith 300 mm

silicon wafers). All of these solutions are unadp with high manufacturing.
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10 on the other hand are crystalline materials having very different lattice
parameters which cannot easily match. A layer of InGaAs grown on a silicon
substrate therefore presents crystal defects, misfit and dislocations which
drastically reduce performances, unless a very thick buffer layer is grown
from a silicon substrate to accommodate for the large difference in lattice
15 parameter, which is time consuming and expensive.

More compatible support substrates exist, for example made of GaAs
or InP, but such alternative substrates are expensive and present a limited
diameter (150 mm InP wafers to compare with 300 mm silicon wafers).

All of these solutions are unadpated with high yield microelectronic

20 manufacturing.

Moreover, moving away from silicon to high-mobility materials implies
to have two different SeOl structures for N and P-FETs, whereas silicon
enables both.

Finally, there is another major obstacle to form a conventional Hi/V

25 transistor with implanted source and drain. Indeed, a transistor needs three
electrodes, two of then being connection points with the semiconductor
material in a FET (at the source and the drain). Buf, due to doping
implantation defects that are impossible to heal, metallic contacts with 1il/V
materials present a high resistance, which also reduces performance.

30

For all these reasons, the silicon has remained the preferred material
for the time-being.



3 There is consequently a need for a method for forming a Seal structure enabling a high yield
manufacturing of a IlIN high-mobility channel transistor, with low access resistance source and drain
contacts. 5 SUMMARY OF THE INVENTION For these purposes, the present invention provides a
method for forming a Semiconductor-On-Insulator structure that includes a semiconductor layer of IlIN
material, characterized in that it comprises the 10 stegs of: (a) growing a relaxed germanium layer
on a donor substrate; (b) growing at least one layer of IIIN material on the layer of germanium;

(c) forming a cleaving plane in the relaxed germanium layer; 15 (d) transferring a cleaved part of the

donor substrate to a Supmﬁbﬁélbﬁr@éﬂsmé}ﬁﬁfv%d Restbebnd:A RthebhedriiRiisybstraisleaved at
the cleaving plane that omprlsE the m%ast one Iarﬁ.?r of Il]JN material. As the structure is realized

from silicon support LB ERE SR maractutng.e @ A Y higtvsrtilighahenabw cost

production is 20 pdssitdistor, witloleamarcese (eeikiyrccsolneaisnd thdivrablanctesistance contacts, as
Ge-llIN heterojunction is known as being of the non-Schottky type (no potential barrier appears at the
junction). Source and drain are then implanted in the Ge layer. 25Preferred but non limiting features of

the present invéntiGVMMARYOMIWI HEINWEMEBIORAI is InGaAs; the donor substrate is made of silicon;

For these purposes, the present invention provides a method for
forming a Semiconductor-On-Insulator  structure that includes a
semiconductor layer of 11I/V material, characterized in that it comprises the

10 steps of:

{a) growing a relaxed germanium layer on a donor substrate;

(b) growing at least one layer of IV material on the layer of
germanium;

(c) forming a cleaving plane in the relaxed germanium layer;

15 (d) transferring a cleaved part of the donor substrate to a support
substrate, the cleaved part being a part of the donor substrate cleaved at
the cleaving plane that comprises the at least one layer of Il/V material.

As the structure is realized from silicon support substrates, industrial
300 mm wafers can be manufactured. High yield, low cost production is

20 possibie.

Moreover, the Ge layer can be used to form low-resistance contacts,
as Ge-lll/V heterojunction is known as being of the non-Schottky type (no
potential barrier appears at the junction). Source and drain are then
implanted in the Ge layer.

25 Preferred but non limiting features of the present invention are as
follow:
¢ the lI/V material is InGaAs;

» the donor substrate is made of silicon;

s step (a) of growing a relaxed germanium layer comprises a previous

30 sub-step (a1) of growing a silicon germanide buffer layer of lattice
adaptation on the donor substrate, the relaxed germanium layer being
grown on the silicon germanide buffer layer,;



step (a) of growing a relaxed germanium layer comprises a previous 30 sub-step (al) ) of growing a
silicon germanide buffer layer of lattice adaptation on the donor substrate, the relaxed germanium
layer being grown on the silicon germanide buffer layer; 4 step (c) of forming a cleaving plane in the
relaxed germanium layer comprises a previous sub-step (c1) of forming an insulating layer on the least
one layer of IlIN material and/or on the support substgate; step (cl) of forming an insulating layer
comprises a thermal oxidation of 5 the support substrate; step (cl) of forming an insulating layer
comprises a deposition of an oxide layer on the at least one layer of IIIN material; step (b) of growing

at least one layer of Ildematgrief eortiedagetiebgRigNpRIHE FOhieris6ia e i urinaniua-3tge(bl ) of
forming a thin silicon 10 layer on the at least ope | o;l N material; the support substrate is a
Silicon-On-Insulat S SRR SAHRISCMR PISRadTY 2B e RR R YRl R0 fon
provides a Ge on 1é&ast-Gmeitesreatdr L strateiiab aowiigrent e sypgpettsslisttabde, an insulating layer,
an at least one layer of lIIN, material on the insulating layer, a germanium |ayer qn the at least one
ayer of IIN materie. b T ero S e e e Ty S SR e oconcing
to the inventiorfen#igestipponasuliatraiting of both NFET and 20 PFET transistors. In a third aspect,

the invention provides FET trangi 0 ' N-On-insulatqr structure according to
the second aspect of_tﬁglblln\(/%eﬁtig}lrﬁélﬁﬁﬁégﬁ?&#ﬁ%ﬁi%%%&%ﬁlﬁ%@% g§t§ ?§ %g{:?g%\ﬁtf ?nééﬁe
germanium layer dewidedayas amthagteasiare laverehd béimpiagalated from the germanium layer

and the 1IN layer by adgiik Blgplfrpalerialsa SRy eR S/ HrASBI g A igiprop frst side
of the cavity; and a drain region in"the gérmanium layer on a the other side of the cavity.
germanium comprises a following sub-step (b1) of forming a thin silicon
10 layer on the at least one layer of IlI/V material;
e the support substrate is a Silicon-On-insulator structure comprising an

insulating layer.

In a second aspect, the invention provides a Ge on lI/V-On-Insulator
15 structure comprising a support substrate, an insulating layer, an at least one
tayer of 1II/V material on the insulating layer, a germanium layer on the at
least one layer of [H/V material.
Furthermore, the Ge on IlI/V-On-Insulator structure as formed
according to the invention enable the manufacturing of both NFET and
20 PFET transistors.

In a third aspect, the invention provides a NFET transistor formed in

a Ge on HI/V-On-Insulator structure according to the second aspect of the
invention, the NFET transistor comprising

25 agate in a cavity in the germanium layer down to the IlI/V material layer, the
gate being insulated from the germanium layer and the ilI/V layer by a high-
K dielectric material;
a source region in the germanium layer on a first side of the cavity; and
a drain region in the germanium layer on a the other side of the cavity.

30



5 In a fourth aspect, the invention provides a method for manufacturing a NFET transistor
according to the third aspect of the invention, comprising the steps of: - forming a Ge on
111N-On-insulator structure according to the second 5 aspect of the invention; - forming a cavity in the
germanium layer down to the IlIIN material layer; - depositing in the cavity a high-K dielectric material
and a gate, the gate being insulated from the germanium layer and the IIIN layer by the high-K
dielectric material; 10- implanting a source region and a drain region in the germanium layer on each
side of the cauvity. In a fifth aspect, the invention provides a PFET transistor formed in a Ge on

111N-On-insulator structule @c@mﬂila@;i@dﬂaW@dt@%%%éﬁ%%@@ﬂ@%@%ﬁmﬁ?nsismf
comprising an island ermanium layer, the islapd comprisin ate insulated from the
germanium layer b§ gﬁ%ﬁf?ﬂ?&i rtﬁ&?ﬂﬁ%&?é%%ﬁl{éjt% B %F?é%@?’%ﬂnﬁ%@@f"%‘ﬂ% first side
of the island; and dtéraitepsgitin in the germanium layer on a the other side of the 20 island. Ina
sixth aspect, the inventi rqvides gl fo facturing a PEET transistoy, according to the fifth
aspect of the inventi%%?%%r%[%is%% t%‘éngg?{))sg él?{ '}%ﬁ orr?n%tr%u%%a% it ?ﬂféj’@nfﬁ]s{ﬂﬁltg%?r%gcture
according to thé seRgRRFERHEe BVedianvention, - forming a islar}d on the germanium Iayer_ by
deposing a high-K SfeIRGHiEMARHARARG adintantin ARG REING wgtﬁWmé%@sg%gmum layer by

the high-K dielectric material; 30 - implanting a source fegion and a drain region in rmanium
layer on each side of8RORiiiNggin the cavity a high-K dielectric material and a gate, the gate

being insulated from the germanium layer and the 1li/V layer by the high-K
dielectric material;

10 - implanting a source region and a drain region in the germanium
layer on each side of the cavity.

In a fifth aspect, the invention provides a PFET ftransistor formed in a
Ge on [/V-On-Insulator structure according to the second aspect of the
15 invention, the NFET fransistor comprising
an island on the germanium layer, the isiand comprising a gate insulated
from the germanium layer by a high-K dielectric material;
a source region in the germanium layer on a first side of the island; and

a drain region in the germanium layer on a the other side of the
20 island.

In a sixth aspect, the invention provides a method for manufacturing

a PFET transistor according to the fifth aspect of the invention, comprising
the steps of:

25 - forming a Ge on IlI/V-On-insulator structure according to the second
aspect of the invention,
- forming a island on the germanium layer by deposing a high-K dielectric
material and a gate, the gate being insulated from the germanium tayer by
the high-K dielectric material;

30 - implanting a source region and a drain region in the germanium layer on
each side of the island.



6 Preferred but non limiting features of the present invention are as follow: the Ge on
ION-On-Insulator structure is formed according to the first aspect of the invention, the method
comprises a step of forming a cavity in 5 the buffer layer down to the germanium layer before the step
of forming the island, the gate being insulated from the buffer layer by the high-K dielectric material,
the germanium layer is partially recessed before the gtep of forming the island. 10 BRIEF
DESCRIPTION OF THE DRAWINGS The above and other objects, features and advantages of
this invention will be apparent in the following detailed description of an 15 illustrative embodiment

thereof, with is to be readbirReAAEBHIAMGINiHBRS FeE0ASYIBE m@»ﬁmﬁémhﬁwﬁﬁoﬁi%@ésrepresents
steps of a embodi%jnt of a method according to the first aspect of the invention; Figure 2

represents steps o R8ther embodiment of a method 20according to the first aspect of the invention;

Figure 3 is a transvershaé vissy oh dINFEh thngistior stasuliestisebiyean sepbeihgent B fingthod
according to the second agfpg}ct of th .invetgtion' Figure 4is a transverﬁgl view of an %mbodiment of
ac e t

Cobine Dyelian, dhe mipihed SomAtRes d A IIRT TN S oot of th

a PFET transistor I8R50
invention. 5 the buffer layer down to the germanium layer before the step of forming the

island, the gate being insulated from the buffer layer by the high-K dielectric
material;
» the germanium layer is partially recessed before the step of forming the
istand.

10
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of this

invention will be apparent in the following detailed description of an

15 ilustrative embodiment thereof, with is to be read in connection with the
accompanying drawings wherein:

- Figure 1 represents steps of a embodiment of a method according to
the first aspect of the invention;

- Figure 2 represents steps of another embodiment of a method

20 according to the first aspect of the invention;

- Figure 3 is a transversal view of a NFET transistor manufactured by
an embodiment of a method according to the second aspect of the
invention;

- Figure 4 is a transversal view of an embodiment of a PFET transistor

25 manufactured by an embodiment of a method according to the third
aspect of the invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

30 M/V layer on SifGe donor



DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 7 Referring to the drawings, a
method according to a possible embodiment of the invention will now be described. The invention
proposes to intercalate a layer of relaxed germanium 2 between a donor substrate 1, advantageously
made of silicon, and at least 5 one layer 3 of IIIN material, the IlIN material being for example InP,
AsGa, InAs and advantageously InAsGa, because ofjits charge carrier high mobility. Indeed, lattices of
Ge and IlIN materials are close enough to allow for the growth of a IlIN material layer on top of the
relaxed Ge layer without lattice accommodation issue. Moreover, methods for growing a relaxed Ge 10
layer on top of a bare silRefeetinpr sultaaigranenigsovan byetiodn skdtedingthie aet. possit/er is
"relaxed" if its crystalline mat riill as a Iaétice ‘B:ﬂrameger 8ubst;%rét(i]ally identical to its nominal lattice
parameter, whereff 8‘]’5{{%% 8 F S P R RiBFiS T e equilibrium form without stress applied

on 15 it. Conversely, a lajiee isvetrtimepropdsesrisialiéneatadecsidaye ctisrimtsdsaerssanidmténsion on in
comression. For gxgymele A ffRneEaysean bR AbaiRed Y ppilel giuih ofgng material onlo a

second material - materials having different lattice parameter. As germanium and silicon have

different latticeSparnadaveradiest By imataspldngrblinmatesiakbeitscipnaasmris gt o §kHn
substrate is to groy AdaygkobiajtRe8daniafonABade sbaaimansimistranadat dshasnigns thin Ge

layer will have the same in-plane lattice parameter as silicon, therefore highly strained due to the 4%

mismatch betweemﬂ%“f%iH@ﬁﬁ%ﬁ?@ﬂéﬁsﬁ&iﬁ'&&ﬁ'&ﬁwl‘m&i%ﬁée[ﬁéoﬁsﬁlgpﬂﬂgfeetﬁs? m a

sufficient 25 thickrigsshEherentmaniim/gravaesias pjefynelopad . thbatieadh Quaaysnalfheguires an at

least 2pm thick Gq layer. Alternati\éfI?( a silicon ermanirde blg{er éa%%r 7rov1\‘l.lr§1ttige &g%(%&a[j,%” is used.
This buffer layer 7 Ao RRCIRe S ?&'%%Lh%r SoBEYate 16 89e groﬁn?g 'R Feia8 germanium

layer, and is niadelafaeExéopSiGa baithsiicd0 dwreasiiivese @ttoknoigemanioan whkilledHe buffer
layer 7 thickens. TG‘:%Sart.

A layer is “relaxed” if its crystalline material has a lattice parameter
substantially identical to its nominal lattice parameter, wherein the lattice
parameter of the material is in its equilibrium form without stress applied on

15 it. Conversely, a layer is “strained” if its crystalline material is elastically
stressed in tension on in compression. For example, a strained layer can be
obtained by epitaxial growth of one material onto a second material — the 2
materials having different lattice parameter.

As germanium and silicon have different lattice parameter, a first

20 method for growing a relaxed Ge layer on top of a silicon substrate is to
grow a layer of lattice adaptation, made of germanium strained at its base
(this thin Ge layer will have the same in-plane lattice parameter as silicon,
therefore highly strained due to the 4% mismatch between the lattice
parameter) and gradually relaxed while the layer thickens. From a sufficient

25 thickness, the germanium growing is totally relaxed. That technique usually
requires an at least 2um thick Ge layer.

Alternatively, a silicon germanide buffer layer 7 of lattice adaptation is
used. This buffer layer 7 is grown on the silicon donor substrate 1 before
growing the relaxed germanium layer, and is made of relaxed SiGe, with an

30 increasing proportion of germanium while the buffer fayer 7 thickens. Thus,
at its interface between the silicon donor substrate 1, the buffer layer 7 is

essentially made of silicon, and at its interface with the relaxed germanium



at its interface between the silicon donor substrate 1, the buffer layer 7 is essentially made of silicon,
and at its interface with the relaxed germanium 8 layer 2, the buffer layer 7 comprises a sufficient _
proportion of germanium for enabling the growth of pure relaxed germanium without Iatti.ce adaptation
issues. This technique usually requires a buffer layer 7 of 2 to 5 microns thick. 5Alternatively, the
whole donor substrate may be made of SiGe, and acts as a lattice adaptation layer. The relaxed
germanium can be directly grown on this SiGe substrate. Formation of a Se01 structure 10_ Steps
of an embodiment of the method for forming a semiconductoron-insulator structure 10 that includes a

semiconductor oy &bl BeiLEr T Eiled MARIRAATIIERIEA ARG Ao 1 The

relaxed germanium layer 2 is grown on the donor substrate 1, as en at

least one layer 3 OPQEI‘FPN‘%gf@ri&ﬁ?é@\‘/éﬂté’g‘é%J§W@QWWA§GW§f@yW@1 adepfetivranium
layer2. A supp@wsrragetédﬁmmmgean?degaiﬁbguamiﬁéﬁ & 4being adyagigaeously

made of silicon, or any other materials typically used for substrates. The support substrgte 4 may be a
standard Silicon-Oﬁi Insulator substrate, comprising an insulating layer 5 under a thin silicon layer
8. If the support substrateMtesnativvalypilinenwboldnsotatos shistiedisemiBy be made of SiGe, and

acts as a lattice adaptation layer. The relaxed germanium can be directly
grown on this SiGe substrate.

Formation of a SeOl structure
10

Steps of an embodiment of the method for forming a semiconductor-
on-insulator structure 10 that includes a semiconductor layer 3 of HIN
material according to the invention are represented by the figure 1.

The relaxed germanium layer 2 is grown on the donor substrate 1, as

I5 explained previously. Then at least one layer 3 of a II/V material,
advantageously a layer of InAsGa, is grown on the germanium layer 2.

A support substrate 4 is also prepared, said support substrate 4
being advantageously made of silicon, or any other materials typically used
for substrates. The support substrate 4 may be a standard Silicon-On-

20 Insulator substrate, comprising an insulating layer 5 under a thin silicon
fayer 8.

If the support substrate 4 is not a Silicon-On-Insulator structure, in
other words if the support substrate 4 does not comprises an insulating
layer 5, the insulating layer 5 is advantageously formed on the at least layer

25 3 of 1’V material and/or on the support substrate 4. in the embodiment
represented by the figure 1, the insulating layer is formed by a thermal
oxidation of the support substrate 4. For example, if the support substrate 4
is made of silicon, a silicon dioxide insulating layer is formed. Alternatively,
the insulting layer 5 can be deposited, in particular on the IlI/V material layer

30 3. Oxides are also preferred. Advantageously, an oxide layer is formed or
deposited on both surfaces. indeed, a oxide/oxide bonding is known to be of

good quality. Alternatively, it is also possible to form a thin silicon layer 8 on



other words if the support substrate 4 does not comprises an insulating layer 5, the insulating layer 5 is
advantageously formed on the at least layer 25 3 of 11I/V material and/or on the support substrate 4. In
the embodiment represented by the figure 1, the insulating layer is formed by a thermal oxidation of
the support substrate 4. For example, if the support substrate 4 is made of silicon, a silicon dioxide
insulating layer is formed. Alternatively, the insulting lgyer 5 can be deposited, in particular on the 1IN
material layer 30 3. Oxides are also preferred. Advantageously, an oxide layer is formed or deposited
on both surfaces. Indeed, a oxide/oxide bonding is known to be of good quality. Alternatively, it is also

possible to form a 4 AikgeReN T8 3 fitol b e'RIANAN ot M LIOdHe IBHEQNphiNe at least

one insulating layer 5, thus a Silicon-On-Insulator understructure Is reconstituted when r and

support substrates'3y8" ave Bbitddd StReRitdtRlalarisnslsesertueeoirigaenstibited weegaving
plane 6 is then forrggeldn tedrelaypd@esmstiatadarer 2. KeabbrdeRtedriiiat tibsipmentis be

performed before the step of forming an insulating layer 5, or even simultaneously if the insulating
layer 5 is formed oﬁeﬁ?%%&egtﬁ?’p U Bstrate 4. To this end, the relaxed germanium layer 3 10 is for
example implarfted according to the SmartCutTM technology with ionic species like hydrogen. The

[ [ ion of leayi I 6 which is a buried, weakened Further,
{he donor aubirate 1 1 HoCR BRI ESSE S SBUUEAL OR TR A GSAPRBNE) BIGhAn) e

e suppo
source substrate 1carabdeptteddihratiivnding twiie pepetfatinedibpfarefttieestep of forming an

insulating layer 5, or even simultaneously if the insulating layer 5 is formed
only on the support substrate 4. To this end, the relaxed germanium layer 3
10 is for example implanted according to the Smart-Cut™ technology with ionic
species like hydrogen. The implantation leads to the creation of the cleaving
plane & which is a buried, weakened zone. Further, the donor substrate 1 is
bonded with the support substrate 4 and then separated by cieaving the
source substrate 1 at a depth corresponding to the penetration depth of the
15 implanted species (the cleaving plane 6), i.e. in the germanium layer 6.
Advantageously, if the germanium layer has been grown on a silicon
germanide buffer layer 7, the cleaving plane can be formed in this sub-layer
7.
In this way, a SeOl structure 10 (and more precisely a Ge on Ili/V-
20 On-insulator structure) is obtained, it contains the support substrate 4 and a
cleaved part of the donor substrate 1 that comprises the at least one layer 3
of I/V material and a residue of the germanium layer 2 (or if applicable the
germanium layer 2 and a residue of the germanide buffer layer 7). A
remaining delaminated substrate 1’° being part of the former source
25 substrate 1, possibly topped by a residue of the germanium layer 2 (or if
applicable a residue of the germanide buffer layer 7) is also produced.

As for the bonding, it is possible with or without activation (in
particular in the case of a oxide/oxide contact), but the preferred option is
CMP (Chemical-Mechanical Polishing) activation bonding.

30

Ge on lHI/V-On-Insulator structure



15 implanted species (the cleaving plane 6), i.e. in the germanium layer 6. Advantageously, if the
germanium layer has been grown on a silicon germanide buffer layer 7, the cleaving plane can be
formed in this sub-layer 7. In this way, a Se01 structure 10 (and more precisely a Ge on IIIN- 20
On-Insulator structure) is obtained, it contains the support substrate 4 and a cleaved part of the donor
substrate 1 that comprises the at least one layer 3 of {§/V material and a residue of the germanium
layer 2 (or if applicable the germanium layer 2 and a residue of the germanide buffer layer 7). A
remaining delaminated substrate 1' being part of the former source 25 substrate 1, possibly topped by
a residue of the germaniygadatng (er# appirablapgetesidugmefiiraesmagidssbyffeniayen?) is also
produced. As for the bonding, It is possible with or without activation (in particular in the case of a
oxide/oxide contac%’,SH[ﬂi?ﬁe%r‘@%@r%d%rﬁ@ﬁ’@@)h/fb‘fdﬁﬁ@éﬁm RN i€1RRKT detidation
bonding. 30 Ge onridWbOfo fisuater 5 BeOUetrubiure 10eroptagoios seenideaspect of the invention,
a Geon IIIN-OnInsuIatorﬁ%ch.’J{ree bsnpriﬂmdﬁdrfmlsu ructg@gteipqg f@;med thanks to a methqd for
forming a Se01 structure 10 as previously 2ochbed. The SEBRaNIN.- SRS r RertidiE 10
comprises a suppcstBsttats atendnaniatingl dayer layan &t deest leesiayer RupddiBdtigtmboerial on the
insulating layer 5 #eHuaRE 1Byer 300 B ALIGER MRIse? fld WY MAPURL |aydp appspecially

advantageous way, the structure 10 finally Comprises from the bottom to the top: silicon substrate
4, a silicon oxide iH80¥aMiEEder 5,

In an especially advantageous way, the structure 10 finally comprises
from the botiom to the top:

10 a silicon substrate 4,

]

a silicon oxide insulating layer 5,
- possibly a thin silicon layer 8,

- alnAsGa layer 3,

- arelaxed Ge layer 2,

15 - a residual germanide buffer layer 7.

NFET Transistor

According to a third aspect and a fourth aspect of the invention, a
20 NFET transistor 20a manufactured from a Ge on lIl/V-On-insulator structure
10 as previously described and a method for manufacturing such a NFET
transistor 20a are respectively provided,
Such a high-performance NFET transistor 20a is represented by the
figure 3. As already explained, field-effect type transistors rely on an electric
25 field to control the shape and hence the conductivity of a channel of one
type of charge carrier in a semiconductor material. In the N-type (negative),
the charge carriers are the electrons. So, the semiconductor is P-doped (or
undoped if operated under Fully Depleted conditions), and when activated a
N-channel forms and current can circulate.
30 To manufacture such a NFET transistor 20a, the Ge on HI/V-On-
insulator structure 10 is formed in a first step. Then a cavity 21 is formed in
the germanium layer 2 down to the I/ material layer 3.. By this cavity 21,



possibly a thin silicon layer 8, a InAsGa layer 3, arelaxed Ge layer 2, 15- a residual germanide buffer
layer 7. NFET Transistor According to a third aspect and a fourth aspect of the invention, a 20
NFET transistor 20a manufactured from a Ge on 111N-On-insulator structure 10 as previously
described and a method for manufacturing such a NFET transistor 20a are respectively provided.
Such a high-performance NFET transistor 20a is reprﬁsented by the figure 3. As already explained,
field-effect type transistors rely on an electric 25 field to control the shape and hence the conductivity
of a channel of one type of charge carrier in a semiconductor material. In the N-type (negative), the

charge carrers areyiae.gifchidi [0ei1e:SBiaRaRciRG B HaRRCOAY KBRS hengsied under

Fully Depleted conditions), and when activated a N-channel forms and current can circulate. 30To

manufacture such RYGE M@ﬁ@l&&’m%é@élﬂw Pepigtes opRiatedr BiRtur BYX BfiRed in a

flr:st step. Tzhen a ca}gthM@Wdﬂatg@gqma@mgadayﬁé@d@wbmtﬁa? rsﬁ\é E@iﬂrlﬁ}lg}/ﬁw 3| By .
this cavity 21, 11 ermaniym ayer IS se ted into arts only linke the InAsGa layer
typically undoped I‘&B%ﬁynaéﬁ CERR B%Sﬂ %ﬁ@y%a@ Hltjr?‘?{‘ﬁ'ia'l“&dir(@ BWA8% is then

firstly deposited. The mhmmh|gi1biﬁc£b¢ldem(aWemm@at$ndtmmb\Mﬂmadﬁ@1 chelstctie eookiadt K (as

compared resulting in the use of specific insulating materials. The gate 23 is then
deposited, and covered with high-K dielectric material 22. The gate 23 is
advantageously made of metal, and is insulated from other layers by the
high-K dielectric material 22.

10 Finally, a source region 24 and a drain region 25 are formed by
implanting in the two parts of the germanium layer 2 separated by the cavity
21. Indeed, as already explained, the Ge layer is used to form low-
resistance contacts, as Ge-lil/V heterojunction is known as being of the non-
Schottky type. The NFET transistor is now operational. By applying a

15 sufficient positive gate-to-source voltage (referred to as the threshold
voltage of the FET), the conductive channel appears: enough electrons
must be attracted near the gate to counter the dopant ions added to layer 3,
it first forms a region free of mobile carriers called a depletion region.
Further gate-to-source voltage increase will attract even more electrons

20 towards the gate which are able o create the apparition of an excess of
negative charges, this process is called inversion.

PFET Transistor

25 According to a fifth and a sixth aspect of the invention, a PFET
transistor 20b manufactured from a Ge on I/V-On-Insulator structure 10 as
previously described and a method for manufacturing such a PFET
transistor 20b are respectively provided.

Such a high-performance PFET fransistor 20b is represented by the

30 figure 4. In the P-type (positive), the charge carriers are the holes. So, the

semiconductor is N-doped (or undoped if operated under Fully Depleted



5 to silicon dioxide): leakage currents due to tunneling must be avoided, resulting in the use of specific
insulating materials. The gate 23 is then deposited, and covered with high-K dielectric material 22. The
gate 23 is advantageously made of metal, and is insulated from other layers by the high-K dielectric
material 22. 10Finally, a source region 24 and a drain region 25 are formed by implanting in the two
parts of the germanium layer 2 separated by the cavity.21. Indeed, as already explained, the Ge layer
is used to form low-resistance contacts, as Ge-IIIN hetéerojunction is known as being of the
non-Schottky type. The NFET transistor is now operational. By applying a 15 sufficient positive

gate-to-source voltagdiigial e e VR ﬁ%@%@ff@%@}%e r%ﬂ?@ﬂﬁ“c‘:‘u?cg i nel

appears: enough electrons must be attracted near the gate to counte opant ions added to layer

3, it first forms a rediBi$ ficd GVRTeBifEnclioRing Witk deskrE & erNEBD frangistsr gate-to-source voltage
increase will attract even meresirREier29uena dsHaT apipyidtish 208, apls IQLT8atIReGRParition of

an excess of negatj;/e i?,?reeﬁ, this process is called inversion, PFET Transistor 25According to a fifth
and a sixth aspect JFTHETRVERHSH ™S BREFRIHSAJIsoB franierar b0 2P ds fgrmed on
111N-On-insulator streyerenabiam pegeiodsly deparibed ardrakneidlediiyy matukaicRying firaah a PFET

transistor 20b are r jvely proyi u high-performgnce PEET transistor 200 is represented
by the 30 figure 4. Iﬁr?%%gﬂ’g-tgypé) éﬁygsgi%%)?stﬁgi%h&.%%%éﬁ%rs are etk %??brh’o?tﬁ%eggnﬁ%%ductor IS

N-doped (or undopétfigeshfritdeiendbe Fugh Dubiditydayecontlitopdraadiuheiaysti2atsa thé-channel
forms and current cagreissilatealBis4sia & jon) ' IEREChIR A nsigtor.  To
manufacture such ngFET_trans?-gtBor %S()Itg)l ﬁﬁyéegegp %}Qﬁ%@g}g I r\?g{ﬁator sfrlh:%re tlsgfl%)lr;rl%g&' ir{ﬁg first step.
Then an island 26 i€§ERABYHN8Y8le Hdsnayenhaiges Pattialerecassrm-keftet famminatttal 22 is

firstly depositedy A géa@3risidiea HpRRs snTdHuin RriRFRPNA PRetalates WoSedr IRholes the high

mobility layer is theegermanium aéerg% SO thegermanium Iaé(!a_r 2 is not separated into two parts.
2

Advantageously, th® JEIENRRIFESE! 23 LAYNE i EREEeD dnihls Rt dewmiadhe earmaniva

layer 2, in order to have the island directly formed on the germanium layer
2. The gate 23 is advantageously made of metal, and is insulated from other
layers by the high-K dielectric material 22.

15 Finally, a source region 24 and a drain region 25 are formed by
implanting in the two parts of the germanium layer 2 on each side of the
island 26. The PFET transistor is now operational. Similarly to the NFET, by
applying a sufficient positive gate-to-source voltage, the conductive channel
appears: enough holes must be attracted from the InAsGa layer 3 to the

20 germanium layer 2 to counter the dopant ions added.



10 island. Thus, a thinner germanium channel will be easier to open. If there is a germanide layer 7, a
cavity is formed in this layer down to the germanium layer 2, in order to have the island directly formed
on the germanium layer 2. The gate 23 is advantageously made of metal, and is insulated from other
layers by the high-K dielectric material 22. 15Finally, a source region 24 and a drain region 25 are
formed by implanting in the two parts of the germanium layer 2 on each side of the island 26. The
PFET transistor is now operational. Similarly to the NFET, by applying a sufficient positive
gate-to-source voltage, the conductive channel appears: enough holes must be attracted from the
InAsGa layer 3 to the 20 germanium layer 2 to counter the dopant ions added. 13 CLAIMS 1.A
method for forming a Semiconductor-On-Insulator structure (10) 5 that includes a semiconductor layer
(3) of lIN material, characterized in that it comprise&kMMEps of: (a) growing a relaxed
germanium layer (2) on a donor substrate (1); (b) growing at least one layer (3) of IlIN material on
the layer of germanjum 2% 10(c) forming a cleaving plane (6) in the relaxed germanium layer (2);

( . .
(d) transferring a cléaved paRPask 195 A8Faik Fafermicond ueisp&ndnpylpies eluetereléi0kd part

being a part of the tenondubet atedmicipavetbrldis: ¢l BIMIVIARRLE Rabearipiisasithmat least one
layer (3) of 1IN mat{erial. 15 ZSA} metpﬁod ?}?cording to claim 1, wherein the IlIN material is InGaAs. 3.A
0

method according focact)ﬁ?/péﬁg hc‘?a% 8%% 2, wherein the donor

(a) growing a relaxed germanium layer (2) on a donor substrate (1);
(b) growing at least one layer (3) of IlI/V material on the layer of
germanium (2);
10 (c) forming a cleaving plane (6) in the relaxed germanium layer (2);
(d) transferring a cleaved part of the donor substrate (1) to a support
substrate (4), the cleaved part being a part of the donor substrate (1)
cleaved at the cleaving plane (6) that comprises the at least one layer (3) of

[I/V material.

15
2. A method according {o claim 1, wherein the 111/ material is InGaAs.
3. A method according to any one of claims 1 to 2, wherein the donor

20 substrate (1) is made of silicon.

4. A method according to claim 3, wherein step (a) of growing a relaxed
germanium layer (2) comprises a previous sub-step (a1) of growing a silicon
germanide buffer layer (7) of lattice adaptation on the donor substrate (1),

25 the relaxed germanium layer (2) being grown on the silicon germanide
buffer layer (7).

5. A method according to any one of claims 1 to 4, wherein step (c) of
forming a cleaving plane (6) in the relaxed germanium layer (2) comprises a

30 previous sub-step (c1) of forming an insulating layer (5) on the least one
layer (3) of HI/V material and/or on the support substrate (4).



20 substrate (1) is made of silicon. 4.A method according to claim 3, wherein step (a) of growing a
relaxed germanium layer (2) comprises a previous sub-step (al) of growing a silicon germanide buffer
layer (7) of lattice adaptation on the donor substrate (1), 25 the relaxed germanium layer (2) being
grown on the silicon germanide buffer layer (7). 5.A method according to any one of claims 1 to 4,
wherein step (c) of forming a cleaving plane (6) in t 4 relaxed germanium layer (2) comprises a 30
previous sub-step (cl) of forming an insulating layer (5) on the least one layer (3) of IIIN material and/or
on the support substrate (4). 14 6.A method according to claim 5, wherein step (c1) of forming an

insulating layer (5) g.ompr},@qﬁ]@tﬁgsrrgéé%@l 2?(513 8?35“‘? gymﬂéﬁémbgﬁr%eé?é. &7@5% oaq,laccording

to any one of claims 5 to 6, wherein st orming an Insulating layer (3) comprises a deposition
of an oxide layer oifgidaing:dayemdlagempsises | ANheate axidaion méthedsseportisgbstrate one of
claims 5 to 7, whergj step (b) of 10 growing at least one layer (3) of lll/V material on the layer of
germanium (2) comprises a following sub-step (b1) of forming a thin silicon layer (8) on the at least
one layer (3) of IIIN material. 9. A method according to any one of claims 1 to 4, wherein the support

15 substrate (4¥ is 2.Silic@nrRHOG HotOrdiHY €615 ¢ @D ¥ Bt A IBIY FINEhaNeh Gdp (c1) of
forming an insulating layer (5) comprises a deposition of an oxide layer on
the at least one layer (3) of lIl/\VV material.

8. A method according to any one of claims 5 to 7, wherein step (b) of

10 growing at least one layer (3) of I1I/V material on the layer of germanium (2)
comprises a following sub-step (b1) of forming a thin silicon layer (8) on the
at least one layer (3) of Hl/V material.

9. A method according to any one of claims 1 to 4, wherein the support
15 substrate (4) is a Silicon-On-Insulator structure comprising an insulating
layer (5).

10. A Ge on HI/V-On-Insulator structure (10) comprising a support
substrate (4), an insulating layer (5), an at least one layer (3) of llI/V

20 material on the insulating layer (5), a germanium layer (2) on the at least
one layer (3) of lI/V material.

11. A NFET transistor (20a) formed in a Ge on 1Il/V-On-Insulator
structure {10) according to claim 10, the NFET transistor (20a) comprising
25 a gate (23) in a cavity (21) in the germanium layer (2) down fo the IlI/V
material layer (3), the gate (23) being insulated from the germanium layer
(2) and the 1lI/V layer (3) by a high-K dielectric material (22);
a source region (24) in the germanium layer (2) on a first side of the cavity
(21); and
30 a drain region (25) in the germanium layer (2) on a the other side of the
cavity (21).



10. A Ge on 111N-On-insulator structure (10) comprising a support substrate (4), an insulating layer
(5), an at least one layer (3) of DIN 20 material on the insulating layer (5), a germanium layer (2) on
the at least one layer (3) of IlIN material. 11. A NFET transistor (20a) formed in a Ge on
111/V-On-insulator structure (10) according to claim 10, the NFET transistor (20a) comprising 25 a
gate (23) in a cavity (21) in the germanium layer (2) down to the IlI/V material layer (3), the gate (23)
being insulated from the germanium layer (2) and the'AIN layer (3) by a high-K dielectric material (22);
a source region (24) in the germanium layer (2) on a first side of the cavity (21); and 30 a drain region

(25) n the germaniygn layer (ORI ANGERARSL LAY (2Rels Bobmeoniy

manufacturing a N transistor accordinig to tlaim 11, comprising teps of: rTlgrr’ﬁolng a Ge
on 111N-On-insulataistriittaentposincdbeimgne eftaim 10; - forming a cavity (21) in the germanium

layer (2) down to thedii MAeRALS INELIRInARRRFLABRIBS FAMF R ol filectic material

(22) and a gate (23), the gate being insulated from the germanium layer (2)"and the IIIN'Iayer (3) by
the high-K dielectric ‘RIEMIER(S2YY (2imEIdRergpamitiree Ry dPeAde il Giaer) in the
germanium 10 kyasyéy @),each side of the cavity (21). 13. A PFET transistor (20b) formed in a Ge on
111/V-On-insulator structure (10'). according tg claim 10, the NFET transistor iZOb) comprising an island
(26) on the germar ARFESEPEAN B SR () b BIRHEi g i BEIEC SEs ek T PRIE
germanium layer (22By thbigiaté dielegthicomtaiidd@2)he spurtaniegioay@d] 2 tHirl gaemdmum layer
gc)leorc])fir?erséglids?aﬁ%t%e%l . ?B%}' gg%fsﬂ% diglgé%g re g)r?aﬁ%j;n the germanium layer (2) on a the other
- implanting a source region (24) and a drain region (25) in the germanium

10 layer (2) on each side of the cavity (21).

13. A PFET transistor (20b) formed in a Ge on IH/V-On-Insulator

structure (10) according to claim 10, the NFET transistor (20b) comprising

an island (26) on the germanium layer (2), the island (26) comprising a gate
15 {23) insulated from the germanium layer (2) by a high-K dielectric material

(22);

a source region (24) in the germanium layer (2) on a first side of the island

(26); and

a drain region (25) in the germanium layer (2) on a the other side of the
20 island (26).

14. A method for manufacturing a PFET transistor (20b) according to
claim 13, comprising the steps of:
- forming a Ge on IlI/V-On-Insulator structure (10) according to claim 10,

25 - forming a island (26) on the germanium layer (2) by deposing a high-K
dielectric material (22} and a gate (23), the gate (23) being insulated from
the germanium layer (2) by the high-K dielectric material (22);
- implanting a source region (24) and a drain region (25) in the germanium
layer (2) on each side of the island (26).

30

15. A method according to claims 14, wherein the Ge on HI/V-On-
Insulator structure (10) is formed by the method of claim 4, comprising a



14. A method for manufacturing a PFET transistor (20b) according to claim 13, comprising the steps
of: forming a Ge on DIN-On-Insulator structure (10) according to claim 10, 25 - forming a island (26)
on the germanium layer (2) by deposing a high-K dielectric material (22) and a gate (23), the gate (23)
being insulated from the germanium layer (2) by the high-K dielectric material (22); implanting a
source region (24) and a drain region (25) in the ger gnium layer (2) on each side of the island (26).
30 16 step of forming a cavity in the buffer layer (7) down to the germanium layer (2) before the step
of forming the island (26), the gate (23) being insulated from the buffer layer (7) by the high-K dielectric
material (22). 5 16st%mtmﬁt%@remm@me%ﬁfgf Fé?@ﬁﬁg%%f’td’%@fﬁl&%ﬁﬁﬁ"mk'm layer

(2) is partially recessed before the step of formlng the island é 62 o
(2) before the step of forming the island (26), the gate (23) being insulated

from the buffer layer (7) by the high-K dielectric material (22).

5 16. A method according to any one of claims 14 to 15, wherein the
germanium layer (2) is partially recessed before the step of forming the
island (26).



