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major problems inherent in heteroepitaxy: the difference in the crystalline structure of the
two materials, and the difference in their thermal expansion coefficients. These
differences lead to stress inside the film and as a consequence to defects such as

dislocations.

In addition to the above-mentioned problems leading to insufficient quality of the epitaxial
layer, it is also possible that the substrate, due to its intrinsic characteristics, is not fully
adapted to the application of the device employing the special characteristic of the
epitaxial layer. For example, if one would grow gallium nitride on silicon carbide,
relatively good epitaxial growth could be achieved; however, if the gallium nitride
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It is therefore the object of the present invention to provide a process of preparation of an
epitaxial substrate which further reduces the influence of the substrate while being at the
same time economically viable. The object is solved with a method according to claim 1.

The detachment of the pseudo substrate from the remainder of the base substrate
solves, to an important extent, the above-mentioned problems. In cases where a
commercially available base substrate is not compatible with the growth of the homo- or
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In order to further improve crystalline quality of the epitaxial substrate the temperature

ranges during which the growth of the stiffening layer, the detachment and the growth of
the homo- or heteroepitaxial layer takes place are such that:

a) the growth of the stiffening occurs in a first temperature range which is chosen
such that, at the same time, an epitaxial growth is achieved, but no change of the
weak interface occurs which could deform or destroy the pseudo substrate,

b) the growth of the stiffening layer, once it has a sufficient thickness, is stopped and
the temperature is raised to further weaken the weak interface to achieve
detachment to create the pseudo substrate, in a variant instead of thermal energy
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In a variant of the invention, the sub-layer can have a thickness of up to approximately

five micrometers, specifically up to approximately two micrometers, more specifically a
thickness of up to approximately one micrometer. Choosing a relatively thick sub-layer
has the advantage that in order to achieve the free-standing pseudo substrate the
thickness of the stiffening layer can be relatively small, thereby speeding up the process.
On the other hand, by choosing a sub-layer of a relatively small thickness, any
undesirable properties of the sub-layer material, as for instance light absorbency in
optical applications, can be minimised. Thickness contro! of the sub-layer can easily be
managed by adjusting the energy of the ions. The thickness can also be below the
values indicated. According to one embodiment, the sub-layer and/or the stiffening layer



stiffening layer. In a variant of the invention, the
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specifically by epitaxial deposition, more specifically by molecular beam epitaxy (MBE),
by metal-organic chemical vapour (MOCVD), by hydride vapour phase epitaxy (HVPE) or
by sputtering. These methods will allow the growth of a good quality crystallised
stiffening layer, the quality of which is crucial for successful growth of good quality

epitaxial layers.

According to another aspect of the invention, the stiffening layer can be grown to a
thickness sufficient to enable a self-supporting character of the pseudo substrate,
specifically a thickness in a range of at least approximately five micrometers to 50
micrometers, more specifically in a range of at least approximately 10 micrometers to 40
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and thereby defining a weak interface. This means that after the detachment step, no
material from the original substrate is present and thus the residual stress can be further
diminished, leading to improved epitaxial films. Actually, in this case the remainder of the
base substrate is then constituted out of the entire base substrate itself and the part of
the at least one additional layer which is situated below the weak interface towards the

base substrate.
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layer, such that the homo- or heteroepitaxial layer grows in a heteroepitaxial growth

mode. When the difference in crystalline structure or thermal expansion coefficient of the
base substrate and the intended epitaxial film would be too great, it is advantageous to
choose a stiffening layer of a material that has its properties somewhere in between
those two values. By doing so, a good crystalline quality of the stiffening layer can be
obtained and also in subsequent fabrication steps a good quality epitaxial film.

In a preferred embodiment the stiffening layer can be made out of one or several of the
group of gallium nitride (GaN), aluminum nitride (AIN), indium nitride (InN), silicon
germanium (SiGe), indium phosphite (InP), gallium arsenide (GaAs) or alloys made out



To even further inprove the quality of the epitaxial
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for eﬁiﬁéle@é@mmr@lt oh atémsmaltalhdIQerof the epitaxial filns to
be grown on the pseudo substrate. These materials can

be arranged in the formof several |ayers.
The invention relates also to an electronic device, manufactured on or in the epitaxial

substrate manufactured according to the above described process.

Specific embodiments of the present invention will become more apparent from the
following detailed description with reference to the accompanying drawing, in which:

Fig. 1 schematically shows an inventive preparation process diagram for the
preparation of an epitaxial substrate; wherein



In a further variant of the invention, the back side
surface of the pseudo substrate, which is the surface
wobkéahinees not receive the hono- or heter oepi PERERL004/005439

| ayer and which is created as a consequence of the
detachnent, has a surface roughness in a range of
approxi mately 20-200 A RMS, specifically in a range of
approxi mately 20-150 A RM5, nore specifically in a
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are aBoavailablbaiscslikeéewafers can have diameters of from 50.8 mm (2 inches) up to
300 mm today, but even larger diameters are foreseen for the future.

Fig. 1b shows the result of the next process step. Gaseous species, in particular
hydrogen ions, are implanted into the base substrate 1. The implantation takes place
through the front side 2 of the base substrate 1. The implanted species create a weak
layer-like zone 4, which is essentially parallel to the front-side surface 2 of the base
substrate 1. The depth 5 of the layer-like zone 4 can be adjusted by the energy of the
implanted species. For example, in the case of hydrogen atoms implanted into silicon
carbide, an energy of approximately 100 KeV creates the layer-like zone at a depth of
approximately 6000 A. The zone between the surface 2 and the layer-like zone 4



For honp- or heteroepitaxial applications, the base

substrate is usually of a crystalline, in particular
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grown at temperatures being lower than 900°C.

Fig. 1d shows the result of the subsequent process step, which is the thermal treatment
of the created structure, ones the growth of the stiffening layer has been terminated,
leading to the detachment of the pseudo substrate 10 from the remainder of the base
substrate 11. Due to the fact that the total thickness sum of thickness 5 and 8 of the
pseudo substrate 10 is sufficient to prevent the formation of defects of the morphology of
the surface 12 opposite to the zone 13 where the fracture occurs, the surface 12 does



approximately 1 to 50 mcroneters. The thickness 8 of

the stiffening layer 7 plus the thickness 5 of the
weunhajies 6 needs to be sufficient to create BCPER20O005439
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fact means that this pseudo substrate 11 behaves like a bulk substrate of the material of
the stiffening layer 7.

This also means that the thickness of the second film 14, especially in cases where the
material of layer 14 and of layer 7 is the same, is not limited. It is even possible to grow
a film 14 with a laterally variable thickness. Actually the pseudo substrate 10 does not
impose limitations on the structure or thickness of the second layer 14. The process can
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Fig. 1h shows the result of the sacrificial layer removal step. After the ion implantation,
the sacrificial layer 15 is removed in order to achieve a clean front side 2 surface of the
base substrate 1. The next step is the growth of the stiffening layer which is comparable
to what has been described with respect to Fig. 1c.

Several further alternatives lead to different embodiments. They are not shown in the
Figures, but will be briefly explained below.
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Ideally, at least process steps 1c to 1e take place in one apparatus without moving the
pseudo substrate 10, thus reducing the risks of introducing contamination or scratches
on or in the pseudo substrate. Alternatively, if it is advantageous for the planned
process, it is possible to separate the pseudo substrate 10 from the remainder of the
substrate 11 after step 1d. Therefore, the thickness of the pseudo substrate needs to be
sufficient for it to be handled and moved from one apparatus to another.

The homo or heteroepitaxial films 14 that can be obtained by this preparation method are
in particular films made out of gallium nitride, silicon germanium, aluminum nitride or
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with méhe@yldf atzeckéwam |oh€ef’mln¢pl@r$teh ItHrreu!;h'lthH febnt side surface 2 of

an al so The sa
the bass AUBITABds ASMENGNEAeove iSSP UGia BVh 56 £an PALISAR AR Prevent

contdriiPafisre UBAhE 'éa§é bﬂélﬁco?pcarﬁiﬂg |tt|§‘ %ogﬁﬁllertS@rJW aGsiliceh ledee layer
het er oepi t axi ayer . possi bl € grow t

of a ¢oupie pfdm;]dreq gwrtgermal @mgze§§d N;tpr ﬁmm@mtau% the silicon d|ox|de can
be rehmeﬁrﬂsﬂqq@?ivr\gﬁa@?lc acly {H guigté‘t%ﬁ é)\égt;érﬁ%nc é‘gf%ltlaﬁt @JtstIﬂ/ a20

aces zone e on the additiona
mmutaagm‘tcm ofime iszpuéficiant to tanaave theioxidetlayeri npl ant at i on.
Eventual ly after the growth of the hono- or
het eroepi taxial |ayer 14 further |ayers can be grown
In theonextrsters Watliumanitridel isl elapd)s,itedatn thersplapteatsiiconsdasipide base

subsf5Qle e A o MBE i o e BBt siinfh BOBI IRt ol ayer

correspbdrdiitethe titanniglayeat and hes asnrcah@dm sofrie Microms. t Akernatively,
seudo substrate, Alter it i s advant ageous

prior e eRRIN GA BN < ST {oqRaltg e ieatsey S aerative i
to cldaR8he SaHER §h6}9cb dap6sitléh By @mrhi&al ét@lﬁ‘iﬁg RERig Hdrdfli@ric acid, or by

substrate 11 after_step 1d. Therefore, the thickness
plasngg etqﬂmw&@bwgt]@m@lsemn@eds to be sufficient for it
to be handl ed and noved from one apparatus to anot her.
The hono or heteroepitaxial filnms 14 that can be
In theohextistend tmfysample ipheated 40 adempetative ofimore itharperr equalitaa®00°C

and & frogfBre BEte Bl inglbadlRlo Sl SlA P AR i BBeR) BB 3y Eh carbice
base Bdbstrate 11 takes place. Then the second epitaxial growth step occurs, wherein
gallium nitride is grown to a thickness of up to about 200-300 micrometers, whereby the
growth speed can be relatively high, e.g. 50 um per hour. This growth step takes place at
a temperature of more than 900°C, for which the growth conditions to obtain an epitaxial
film with improved crystalline quality is further improved.

Finally, the substrate and the newly grown gallium nitride layer are brought back to room
temperature and it is possible to separate the gallium nitride film from the substrate.
Using chemical means, the back side of the gallium nitride can be cleaned, so that any



indiumnitride. Below, an exanple of fabrication of an
epitaxial galliumnitride filmon a silicon carbide
whasa/1s21bstrate will be described in detail. ABCHERPE®€005439
substrate, nono-crystallindssilicon carbide of a 6H or
4H poly type with silicon term nated surface, or 3C
(three cubic) silicon carbide. i rovi ded .
remaliing:$ilican GAsPie 1% FRENOYSo dnesonginal alliaeR Gatbiclease supstratewill be
i i ishiMal ant ati on
oo R B e e e 2
and 8 x 1016 H+/ cn2 with an energy between 30 and 210
KeV, in particular a dose of 5 x 1016 H+/cn2 wth an
energy of 120 KeV. The ions are inplanted through the
front side surface 2 of the base substrate 1. As
nmenti oned above, a sacrificial |layer 15 can be used to
prevent contam nation. In the case of silicon carbide
it is possible to grow a silicon dioxide |layer of a
coupl e of hundred A by thermal process. After
i nplantation, the silicon dioxide can be renoved
usi ng hydrofluoric acid (HF), in a ten percent
concentration. Usually a 20 mnute period of tine is
sufficient to renove the oxide layer. In the next
step, galliumnitride is deposited on the inplanted
silicon carbide base substrate by neans of MBE at a
tenperature of less than 800C. This first epitaxia
| ayer corresponds to the stiffening |layer 7 and has a
t hi ckness of sone mcrons. Alternatively, prior to
depositing galliumnitride, a buffer technique can be
used. Another alternative is to clean the surface
prior to deposition by chem cal etching using
hydrofluoric acid, or by plasnma etching or SC1 with
SC2 cleaning. In the next step, the sanple is heated
to a tenperature of nore than or equal to 900C and a
fracture between the pseudo substrate 10 and the
remai nder of the silicon carbide base substrate 11
takes place. Then the second epitaxial growth step
occurs, wherein galliumnitride is grown to a
t hi ckness of up to about 200-300 m croneters, whereby
the growh speed can be relatively high, e.g. 50 pm
per hour. This growth step takes place at a
tenperature of nore than 900C, for which the growth
conditions to obtain an epitaxial filmwth inproved
crystalline quality is further inproved. Finally, the
substrate and the newly grown galliumnitride |ayer
are brought back to room tenperature and it is
possible to separate the galliumnitride filmfromthe
substrate. Using chem cal neans, the back side of the
galliumnitride can be cl eaned, so that any



WO 2004/ 112126 PCT/ EP2004/ 005439 15 renmining silicon

carbide is renoved. The original silicon carbide base
waondmgtinate will be recycled by polishing its BOT/ERDS4/005439

usi ng chem cal - mechani cal pelishing. WO 2004/112126

PCT/ EP2004/ 005439 16 Clains 1 A nmethod of

preparation of an epitaxial substrate, in particular a

GN, SiGe, AIN or InN epitaxial substrate, conprising

the steps of: - providingopimgstal line base substrate

(1), - inplanting atom c species, in particular

hydrogen ions and/or rare gas, in the base substrate

J t yer ik 4 de th |
e bl 4 bl B 395 e,
nfefﬁ\?ggte %hbé\?ﬁe(é&mpnéi efrh%bﬂeﬁeéﬂ ning a weak

tween a renain of the base substrate
(11)- apm\mie@barwahne(@se suhstrata (ﬁ@ a het er oepi t axi al

t ffen - .
Isalyer ﬁgn#rﬂ%’ﬁ{onﬁase %Srﬁ grt‘uétlﬂ o&fzn FJBE andisr rare gas, in
pr edet menbamjsubstrpm @b, urreatmgam@ser-hkmlmrmo(np m§|del1tae base
sti ffenl r (7),.t0 S
the basubsiBl TressEhA MR it e il P¥acs Suplicare (1.
substr meeels’))laéﬁrﬁh@amaa intelfaceTbétweraa reardinden oft trecisased
predeterm ned tenperatyre rapge, being higher than
t he fi pypstfa ET)arg(’pl? %Sﬁl'kaﬁg@f&g create a
pseudo g?dmﬁ %Q{e‘?erﬁégl}aXIal%ﬂﬂenlngﬂa?\ét (1) ovelBR@surfate of the sub-
het er oépi taxi al | ayer (14) over the pseudo substrate

(10). hayen(@nef mﬁlb@ﬁe W%ﬁétea@l) #ha st afgd@,gﬁsrmcbqemperature
substr%ﬁgeaccordl ng to claim1l, wherein the growth of

the hond-"or heteroepitaxial |ayer (14) occurs in a

third dptactingeheristifening layer &) tegetheryth a Bub+ayeni@iafthe base

than theyLikde )& Heefemdiider o PSSR dibstra®@9) due to a

thermal treatment in a second predetermined temperature range, being
higher than the first temperature range to create a pseudo-substrate (10),

and
growing a homo- or heteroepitaxial layer (14) over the pseudo substrate

(10).

A method of preparation of an epitaxial substrate according to claim 1, wherein
the growth of the homo- or heteroepitaxial layer (14) occurs in a third
predetermined temperature range, being higher than the first predetermined

temperature range.

A method of preparation of an epitaxial substrate according to claim 1 or 2
characterised in that
the implantation takes place before providing the stiffening layer (7).

A method of preparation of an epitaxial substrate according to one ofclaims 1 to 3

characterised in that



3. A nethod of preparation of an epitaxial substrate
according to claiml1l or 2 characterised in that the

w0 ppantiaé i on takes place before providi ng t hePCT/EP2004/005439
stiffening layer (7). 4. Ailmethod of preparation of an
epi taxi al substrate according to one ofclains 1 to 3
characterised in that WO 2004/112126 PCJ/ EP2004/ 005439
11hq sib-AYBE (B3\hes a(tgbck'ﬂ%%’i é Upheaapedmately pHm o specitically up to

a%ﬁFFBﬁrﬂ%? urBPfbreSRReifichRAh thckHR s Of up RPBEFOIAREY 1um.
2p p pto

nore specifically a thickness of u
approximately 1 pm 5. A nethod of preparation of an

en | al di t ,
C R o BB o S5 sihe AR aleastone o
t elgres dttorde range is from about roomtenperature to

90%:, (_raIDr.e dslg cifically to 800C, the second

t ERPEAAEIPRY ! is fromnore than 900C to about

1100frst RIMHeraturd fanigkiis flomeatioer adam eemperaturs tad06°Grimare
erature Q

t f t han_900C.. 6. A method of ]
| CBBaAll 39 80P Guihg speal temRBLAIE 12t K Lo dndye then 9PO°C to
| a8t PIRref andibingahitd tetnferaflpé pariger stadslat aitdnfidrature of more

prior to inplantation a sacrificial layer (15), in

p#han 8e0°& a thin silicon dioxide (Si02) layer, is
applied to the surface (2) of the base substrate (1),
through which inplantation will take place. 7. A

mét inethadif ofpreparation ofarvepitaxiabpubsisate pceardivgtaableast one of
ac ordiﬂg o claim6 characterised in that the
s&AMPi'C | ayer (15) is renoved prior to providing

t khaprddtefised hgthatyer (7). 8. A nethod of preparation

f it axial subst. di

CPaphio el tatn & FaEreRl ByRr (i3 hatrleRis? b iR giofde

| 2518),) .fa?l)er,i@ appiRkdite théosureirq@) bf the,base spBstrte Y1 xthrbygh which
e?rlnélg)rglta%on will take place.

A method of preparation of an epitaxial substrate according to claim 6

characterised in that
the sacrificial layer (15) is removed prior to providing the stiffening layer (7).

A method of preparation of an epitaxial substrate according to at least one of
claims1to7

characterised in that

the stiffening layer (7) is applied by deposition, in particular by epitaxial
deposition, more particularly by molecular beam epitaxy, (MBE), by metal-organic
chemical vapour (MOCVD), by hydride vapour phase epitaxy (HVPE) or by
sputtering.

A method of preparation of an epitaxial substrate according to at least one of the

claims 1t0 8
characterised in that



deposition, nore particularly by nol ecul ar beam
epi taxy, (MBE), by netal-organic chem cal vapour

w@ MODVYD)126 by hydri de vapour phase epitaxy (HYPEQT/BP2004005439
sputtering. 9. A nethod of 1preparati on of an epitaxi al
substrate according to at |east one of the clains 1

to 8 character;j ' ;
o A 201 BBl e ettspporin
gicpuracter ot thdpsautessubstratei (40 specificaliydd adhigkness in a range of
sel f-supportin aracter of .t1h S S r at.

( Boprodbaiem e 5085 Gorn seesiicely P8 oy By Slfiately 10um
a%)ﬁgﬁlinrmt ely 5pmto 50pm nore specifically in a

range of approximately 10pm to 40 pm 10. A nmethod of
preparation of an epitaxial substrate according to at

10. L?‘?f‘;{eﬂf%beof%eﬁ%?tior? bﬂéﬁéﬁ)ilﬂaﬁeﬁ stostheie %Géc%in‘ge@td;c] geatshahe of the

11.

provi ding the s eni ng layer (7),
swidimed 0B of the base substrate (1) is pre-treated,
in,particular HF et ching, plasma etching or
st %?‘8"8?‘3&’?1%} one (SCl) with standard cl eani ng
t Wpiot &CRdovidirlg tha stiffeiing layler () ethersaraoe (2 ofdhe bpse sitstrate (1)

substrate gccordin 0 t of, f. ' .

* o5 pt5-enedct ericater o i aloFY. pRBMERIRNAG of a8 deaning
st def @) Withatsrdard LiebhimpawbgSoRpvi ded at | east one
additional layer either on top of the stiffening

| ayer or between the base substrate (1) and the

SUA TR & r@g&rati&ﬂ bf art pitdxidTBLBSERtE lacBORRY tatdt tasobne of the
an epitaxi ubstrate according to claim11

cholaisstletoi Ked in that at |east two additional |ayers

ar [ ; op of the base substrate, thereby
cr@a#?%éhgggrﬁlgméted base substrate and wherein at

| enstidition tathd stiffening layerdr) there is meavidediapeagironesadditional layer

| ;tlhgp to}\ rt]c(myp gtt tggi sﬁffg‘rﬂﬁ& .\a%r or between the base substrate (1) and the
stiffening layer (7).

12. A method of preparation of an epitaxial substrate according to claim 11

characterised in that

at least two additional layers are provided on top of the base substrate, thereby
creating a modified base substrate and wherein at least one additional layer is
provided prior to implanting atomic species.

13. A method of preparation of an epitaxial substrate according to claim 12

characterised in that

the atomic species are implanted in the at least one additional layer of the
modified base substrate, provided prior to implanting the atomic species, creating
a layer-like zone inside the at least one additional layer essentially parallel to the
surface, thereby defining a weak interface.

14. A method of preparation of an epitaxial substrate according to at least one of the

claims 110 13



15.

16.

17.

18.

13. A nethod of preparation of an epitaxial substrate
according to claim12 characterised in that the

wa@rmaiic2ispeci es are inplanted in the at | east PCEEP2004/005439

additional layer of the nuglified base substrate,
provided prior to inplanting the atom c species,

Cicharadieriséd it - | i ke zone inside the at |east one
addi ti onal | ayer essentiall éﬁar allel to the surface,

t leBeeisglatien phingpsgudeosubsiate (19 dhe surface (18) abiregemainder of
. Ceoion !
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PEDlisHRY) Géadoegsksbas a base subsitate { Hdal ai subsequend pseydo-substrate

[ tion eudo- substrate (10), the surface
(i%)apéggqrﬁgéqé%gle %Ier of the base substrate (11) is
polished, in particular by chem cal nechani cal

pal i shing, and reused as .a bas ubstrate '

D hrpetoB PR el ShiBua Schsirals e dnb i abRafiane of the
13iaifis ARbRAQd of preparation of an epitaxial substrate
according to at |east one of the clains 1 to 14
cebaracterisedin thati hat the base substrate (1) is made

Otfe tﬂéseoﬂ%s%}e_tﬁ?is%ﬁé@oef ofdrlel F e gRdUp! ¢ AMicSRT RicdA-carbide,
sapphire, gallium arsenide, indiumphospide (InP) or

g eapphite, galligs) arsemde Angidmhrhpsfdepinihar fiervaniom &e).

epi taxi al substrate according to at |east one of the
claims 1 to 15 characterised in that the epitaxial

st rhéthodrag prepasatiqn7)f arsepitadial sibstiate seooedingte at labstzane of the

thg. hogg- 1§r het er oepi taxi al layer (14) , such that
t f@MBMS° '8r heteroepitaxial layer (14) grows in a
hehaeiotéagediin vadowt h node. 17. A net hod of preparation

of an epitaxial substrate according to at | east one of

© s Sritaiah Stridhing BySth isrpacs PLils S mdteraf 88 the o or
heteroepitaxial layer (14) , such that the homo- or heteroepitaxial layer (14) grows
in a homoepitaxial growth mode.

A method of preparation of an epitaxial substrate according to at least one of the
claims 1 to 15

characterised in that

the stiffening layer (7) has a crystalline structure and a thermal expansion
coefficient similar to that of the homo- or heteroepitaxial layer (14) , such that the
homo- or heteroepitaxial layer (14) grows in a heteroepitaxial growth mode.

A method of preparation of an epitaxial substrate according to at least one of the
claims 1to 17

characterised in that

the stiffening layer (7) is made out of one or several of the group of gallium nitride
(GaN), aluminum nitride (AIN), indium nitride (InN), silicon germanium (SiGe),
indium phosphite (InP), gallium arsenide (GaAs) or alloys made out of those
materials, like AlGaN, InGaN, InGaAs or AlGaAs



the stiffening layer (7) has a crystalline structure
and a thermal expansion coefficient simlar to that

w@boothe1bono- or heteroepitaxial layer (14) , eBorhrioha005439

19.

20.

21.

the hono- or heteroepitaxizal |ayer (14) grows in a
het er oepi taxi al growth node. 18. A nethod of
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