1 Method for transferring InP film The present invention
concerns a nethod for transferring InP filmonto a stiffener
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25 In the case of InP, it is known from different documents that the
splitting and quality of the transferred films is highly dependent on implantation
temperature: for example in the article “Low temperature InP layer transfer” by
Q.-Y. Tong, Y.-L. Chao, L.-J. Haung, and U. Gosele, Electron.Lett. 35, 341
(1999), it is indicated that the optimal implantation temperature for InP is in the

30 order of 150 to 200°C, whilst in “Temperature dependence of hydrogen—
induced exfoliation of InP” by S. Hayashi, D. Bruno, M.S.Goorsky, published in
Appl. Phys. Lett., Vol. 85, No. 2, 12 July 2004, p.236-238, it is indicated that the
optimal temperature is -20°C. These differences in evaluation may derive from
parameters not controlled by the authors of these articles such as doping of the

35 substrates, the power supplied by the implanting beam, thermal contact of the
substrates during implantation. In addition, since implantation is conducted
under vacuum, it is very difficult to measure and maintain the temperature of
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B} Implanting hydrogen ions through the surface layer so as to

form a weakened plane in the doped thin layer, delimiting a film comprising the
surface layer;

C) Placing the surface layer in close contact with a stiffener
20 substrate; and
d) Applying heat treatment so as to obtain splitting at the

weakened plane and transfer of the film onto the stiffener substrate.
Currently available InP substrates are mostly supplied in the form of
substrates having resistivity in the order of 107 ohm.cm. Yet this resistivity
25 implies relatively low emissivity in the order of 0.4 to 0.46. By applying Stephan
Bolizman's law (whose equation is described below) it follows that the higher
the emissivity of the material the lower the temperature reached in the material
at the time of implantation.
It is recalled that Stephan Boltzman's equation is stated as follows:
ur

30 T=i”o(—

1/4
] To representing the temperature of the implantation
ET

chamber (ambient temperature), T representing the implantation temperature in
the material, U representing implantation energy (in V), | representing current
density (in A/m?) and o being the Stefan-Boltzmann constant of 5. 67x107™"2
W.cm?2.K*,

35 Yet the resistivity of the material has a direct impact on its
emissivity. The doping of the material with electrically active elements at step a)
of the method of the invention allows the resistivity of the thin layer to be
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of between 120 and 180°C so that it is subsequently possible to obtain heat-

activated splitting whilst using a conventional microelectronic implanter. By

“conventional microelectronic implanter” in the present document is meant an
25 implanter having the foliowing characteristics:

- implantation current between a few microamperes and a few
milliamperes;

- implantation energy between a few KeV and a few hundred KeV;

- beam surface area between a few mm? and a few cm?,

30 - mechanical or electrostatic or mixed scanning.

It is to be understood that the emissivity between 0.75 and 0.9 of
the doped InP is obtained infer alia at the implantation depth of the hydrogen
ions i.e. at the weakened plane.

The method of the invention therefore proposes a simple and easy

35 solution to be used in order to obtain the reproducible transfer of InP film and in
particular of resistive InP.

According to one possible embodiment, step a) comprises the
steps consisting of:
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different expans;on is avoided. In addition it is possible fo make re-use of the

substrate after transfer of the film for a new implantation step. The substrate
can therefore be recycled several times.
According to one alternative embodiment, step a) comprises the
25 steps consisting of:
j) — providing a substrate comprising a seed layer on the surface;
k) — epitaxying a doped thin InP layer on the seed layer; and
l) — epitaxying a surface InP layer on the doped thin layer, the
doped thin layer having an emissivity of between 0.75 and 0.9, so as to obtain
30 the structure.
Preferably, the seed layer has a lattice parameter adapted to InP
epitaxy.
Advantageously the seed layer comprises resistive InP.
In this variant, it is possible to form the entirety of the structure
35 within the same epitaxy chamber which avoids handling the structure at the
different stages of its fabrication, reduces the risk of damage and allows very
rapid implementation.



Advant ageously, the structure is entirely forned of InP so that the
coefficients of heat expansion are identsical for all the |ayers of
the structure. This leads to identical expansion of the different
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of a few 1Oa7n energy and current density such that the implantation temperature in the

doped thin layer is between 120 and 180°C. In this manner it is possible, using

25 a conventional implanter that is easily available and low-cost, to obtain
reproducible heat-activated splitting in InP.

Other aspects, objectives and advantages of the present invention
will become better apparent on reading the following description of two
embodiments thereof given as non-limiting examples and with reference to the

30 appended drawings. In the figures not all the illustrated parts are necessarily
drawn to scale for better legibility. Dotted lines symbolise a weakened plane. In
the remainder of the description for reasons of simplification identical, similar or
equivalent elements of different embodiments carry the same reference
numbers.

35 Figures 1 to 7 illustrate one embodiment of the method of the
invention.

Figures 8 to 13 illustrate a second embodiment of the method of the
invention.
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6, through implantatidrapardragtars Sareodatertnined so that the weakened plane 7 is
formed within the doped thin layer 4, the doping of this thin layer at the

weakened plane allowing the implantation temperature to be limited to a range

of 120-180°C. In the case here the implanted ion species are formed from

35 hydrogen and implantation is conducted with energy of about 20keV, a dose of

about 7516 H/cm? and a current of 50pA. Under these conditions, the

implantation depth of H' ions is about 200nm, so that the weakened plane 7

lies at the position of the n+ doped thin InP layer 4. The implantation



forma weakened plane 7 in the doped thin layer 4. In the illustrated
enbodi ment, the structure 6 is previouslpy coated with a | ayer 8 of
silicon oxide Si 2 deposited by PECVD (Pl asnma Enhanced Chem cal

Vapour Deposition) 25 over a thickness of about 10 nmto avoid

damagi ng t hep PatﬁHar F@%e@t znttii)ﬁ% dopB Hin'l rai‘tl g&”érsofoﬁ'ﬁ@c and

| ayer 8 can e used ondi ng, vi a
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| n generfal ,laydres, oqdtadthare (m’grpﬁ.reakweeﬁsma‘sié)men @iasenetmtaot Witata stiffener
veakenco, PIaRRyG 5, FARTE sHboRND A6 AOPSIEIY dr@Becho) HBsfaRh e
t enper at ur é)rte@a@élomqﬁth@oﬁanphérer%trf@@ebfsumamatgs@en Whlqhh@ layered Ipérsdicon
the inpl antd%i’dé @?O§ﬁ§‘2:le§iﬁ>sﬁé§ 53P'P'E§\/If)r6\@r3§ tHMﬂh@%%fath)ut 10 m then

i npl antatio ose o about
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plane 7 li gs a% tepse P! éb%p(r)esetntt]e nthe °Rf ace layer aln%y% t?ﬁ'e -Is_{?ﬁener
i mpl ant at i
substrate 9 respectively.
Figure 7 illustrates a step of the method in which heat treatment is
applied to cause splitting at the weakened plane 7 located in the doped thin
15 layer 4 (step d). In the described example, the heat freatment is applied at a
temperature of between 200 and 300°C. A film 11 delimited between the
surface of the structure 6 and the weakened plane 7 comprising the surface
layer & and a residual portion 4a of the doped thin layer 4 is therefore
transferred onto the stiffener substrate 9, whilst the negative 12 of the
20 implanted structure 6 comprising the substrate 1 and a residual portion 4b
opposite the residual portion 4a along the weakened plane 7, can be
recovered. According to one possibility, not illustrated, the negative 12 can be
recycled for reuse in the preparation of a new structure 6 and the transfer of a
new film 11. In the case illustrated in Figure 7, an InP film 11 having a
25 thickness of about 200 nm is transferred onto a sapphire stiffener substrate 9.
The final structure 13 obtained can advantageously be used as seed for the
epitaxy of layers of IlI-V materials forming 1li-V mulii-junction photovoltaic cells
(not illustrated).
According to one non-illustrated variant, the substrate 1 can be
30 formed from an initial surface layer 2 previously bonded or formed by epitaxy
on a carrier.
[n addition, the dopant ion species can be chosen from among S,
Sn, Zn, Si, Te, Ge and Se.
According to one possibility, not illustrated, the stiffener substrate 9
35 can be formed of any material aliowing good molecular bonding with the film 11
and providing a good stiffening effect for splitting and also in relation to
subsequent intended applications.



tenperature reached in the doped thin layer 4 is in the order of
140C, and therefore lies within the range of optimal InP inplantation
tenperatures to obtain splitting (between 120-180C). Figures 5 and 6
illustrate a step to place the surface of the surface 5 |ayer 5,
coated here with thﬁiéoaktl% sBriaBe YfQRe trdhsFePSE figANt a6hH b El“bp%red with a
stiffener subsic{ate e in sapphire (step c). Figure nor e
preci sely i1§% ?‘él?ﬁd'{eﬁ {8P8par ati on of the sapphire stiffener

substrate 9 on whi chigurd 8yibusteate$ asubstrate DXoreeedSo02 seed (e dutienimy a

onneal | ng, 'SHESREIAERGr BuaBRRfor S0nakhl biaSitn R B A gt ol Bimag oo
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Accor di ng tl dindittingnat theuweakeaed wanadt allawiag she dransfer af sadnBefilgn 11

formed 4 O@rﬁ@{ﬁggﬁﬁ@erggbgwﬁgayer 2 previously bonded or fornmed by
epitaxy on a carrie ddition, the dopant ion spemes

can be chosen from ihﬁr&ﬁe@”@ﬂ"efﬁf?n %Pref?@ ptgposky acmethed frdransfersing
one possi bilhiPtiym Mokt ah |dpsh~raﬁiiirﬁdeanté’t©nStbh‘fpfeﬁaﬁrre %lybﬁéér&é ef Fbc&ﬁd@@ﬂ he
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19 and profiRR R0, B eeRebe pﬂ%pJ@@&S?%%&“%BP.f@ﬁt% & 4ty e
rel ati on t dnatebskgduch isi simeleddingpeiecht i ons. Al so, the
surfac f the tran

SUbeac Lre L ElRfchY tﬁéﬁﬁ@éﬂtfbﬂr‘is%tqf F&@gtﬁg ERLBAMEN {&cribed
formed of @DSNBEAY Ay &xample it r@@campaﬁse%@llﬁaﬁwleeqtawgmf@dancbwanants
epi taxi al @fend hesﬁnﬂéaﬂneéﬁyanaag@@uﬁibmaﬁongweﬁé%f5 resistive InP.
Figure 9 illustrates a first epitaxy of a thin layer 4 of doped

mat erial such as InP doped with a concentration of electrically
active dopants of between 1.1017 and 1.1010 at/cn® allow ng | ocal

em ssivity of about 0.75 to be reached. Figure 10 illustrates a
second epitaxy used to forma surface layer 5 here in resistive InP
on the doped thin layer 4. Then, according to the 10 enbodi nent
previously illustrated in Figures 4 to 7, Figure 11 illustrates the

i npl anting of ion species using a conventional inplanter (20keV - 100
m croanperes) allow ng an inplantation tenperature in the region of
175C to be obtained and the form ng of a weakened plane 7 in the
doped thin layer 4. In non-doped InP material, having resistivity in
the order of a few 107 ohmcm and 15 em ssivity in the order of 0.4,
the i nplantation tenperature would have reached about 205C. Figure 12



20 onto the stiffener substrate 9. The present invention

t herefore proposes a nethod for transfemgring InP film 11l at an
optimal inplantation tenperature by neans of |ocal doping at the
depth of the weakened plane 7 so as locally to raise the emssivity
of the material, which is sinple to inplenent. 25Evidently the
invention is not limted to the enbodi ment descri bed above as an
exanpl e but enconpasses all technicaﬂ3bﬁUW$alents and variants of the
descri bed nmeans and the conbi nations thereof. 9 CLAI M5

1. A nethod for trapsferri m(1 ont ner 5.
substrate (9), the Brefﬁ‘hﬂbe}[gg%&’lrs{} ?ng‘gstaé'g)éna ﬁlgil s(%bm ’g Btiffener
a) Provifli nagzbatrater(@c);ttneenéﬁubdammmnsﬁm@meastepsﬁ:anesstuag'ef (5) of InP

d derlyi d d t
ol ant i ng Iyt ogen ons. TAPAHRR ¢ RELPE oL comprisingsy suelt pyer (6) of
create a wdal eem@darpuad@ls(wg doped t@ndoipdayari#h | ayer (4), delimiting a
Film10 (11) conpri %? ng tha %‘Hﬁlfﬁ%%d‘!@d&{ cf]n@ ’ehrougm the surfa%é:)a)%ré{?:. )

the surface | ayer % in cI se contact ener su

(9); and as to creale a wepkengd) Blang (i therdaradetin tayes bt hideliawing aifivg

at the v@eal(qem)aeorpbagﬂ (tHe saﬁdcélaﬁ}@'ﬁf(@) of the film(11) onto t he
stiffener substrate

claim1, characteri ?gd in t%’f’g f'?%s*é”ﬁ‘%ea%’ééef Qﬁé‘? C%@%dqog {l]‘n%?{.fﬁe”er

t he same dopénstrates(hanadlopant of the doped thin layer (4). 203 The

met hod according toone of r r i

doped thin Iayer fﬁ) Ap@ﬁéﬁlgé’hﬁgﬁﬁn hgr?%o%'ﬁ% ﬁgla@atbg E%:I{é%\?g
dopants of Mafeed rﬁ@lﬁnﬁﬁﬂoﬁmgdﬂmt(ﬂ&hﬁn@dhﬁrﬁlﬁeﬂﬁl’esldmﬁr@(ﬂe {Rin |ayer
(4) hasymain em ssivity of between 0.75 and 0.9. 254. The met hod
according to one of clains 1 to 3, characterized in that step

conpri ses the steps?cdi8i Tralhgf gccording to claim iy chasqstarizrf dn ghat the

substrate Cﬁ‘urraeeliayeer\@) Isnddel) with the same dopant hs Itmﬂagémﬂtﬁ tHeplapkd itHin
so

speci es suq gg Sn, Zn, Si, Te, Ge or Se in the substrate (1
as to forma%d 6 d burled | ayer (3) delimting a
20 3. The method according to one of claims 1 to 2, characterized in

that the doped thin layer (4) comprises a concentration of electrically active
dopants of between 10" and 10?° at/cm® so that the doped thin layer (4) has an
emissivity of between 0.75 and 0.9.

25 4. The method according to one of claims 1 to 3, characterized in
that step a) comprises the steps consisting of:
i) providing a substrate of resistive inP (1);
i) implanting dopant ion species such as S, Sn, Zn, Si, Te,
Ge or Se in the substrate (1) so as to form a doped buried layer (3) delimiting a
30 surface layer (5) between the implanted surface and the buried layer (3);
i) applying heat freatment to the buried layer (3) so as
electrically to activate the dopant ion species and to form a doped thin layer (4)
in InP material having an emissivity of between 0.75 and 0.9, in order {o obtain
the structure (6).
35
5. The method according to one of claims 1 to 3, characterized in
that step a) comprises the steps consisting of:



30 surface layer (5) between the inplanted surface and the buried

| ayer (3); appl yi ngidneat treatnent to the buried
| ayer (3) so as electrically to activate the dopant ion species and
to forma doped thin layer (4) in InP material having an em ssivity
of between 0.75 andj0. ViRirer 4 i E‘p r 455 :
surface; 10 j) - prJvi gir(rjlgl Q%suﬁsutbtrs'g?%bg% E%IIS ﬁ?lﬁéignéggaggg% pa et its
(14) on it SWIACE, epitaxying a doped thin InP layer (4) on the seed
layer (14); and 5Ik) - efitx@iig AHcHRd thih $HI® 3G (43R tHD 2l 1428 (14);
doped thin | ayer (4)? tﬁg c?l(ggtgd th(fﬁr? | ayer (4) ha(il?ng an em ssiy\}?t(y )
of between ¥%5 and 0.9, so as to obtain the structure (6).

6. The rethod accor Bi-ngpitaxyihgiam InB suracaciager @b thet ddped tren $aed (29

| 14 i . i St o 7. Th h
ncvor di ng. (1S aRBE Aol PR Yl an epissivty ot bdwePiP 7R ¥R 01 h arde
surface | aydtainghe suciowenéd). of resistive I nP chosen from anpng

intrinsic InP or I nP whose doping is conpensated by a concentration

of 15 electrically activated Fe dopants in the order of 1015 to 1016
Fe/ cnB. 8. Mremgtidshacerdivade it Soskaractesizad i thatithe peed

char actHy i 2ggbri(n4} b@hpasePrddistsomapPi ses a step to inplant hydrogen
ions at an energy and current density such that the inplantation

tenperature in the doped thin |ayer (4) is 20 between 120 and 180C.
7. The method according to one of claims 1 or 3 to 6, characterized

in that the InP surface layer (5) is formed of resistive InP chosen from among
intrinsic InP or InP whose doping is compensated by a concentration of
15 electrically activated Fe dopants in the order of 10" to 106 Fe/cm?®.

8. The method according to one of claims 1 to 7, characterized in
that step b) comprises a step to implant hydrogen ions at an energy and current
density such that the implantation temperature in the doped thin layer (4) is

20 Dbetween 120 and 180°C.



