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| T AND PRODUCTI ON METHOD THEREFOR TECHNI CAL FI ELD The
present invention relates to a nmethod for producing

sem conductor wafers excellent in surface stability,

and to sem conduct or deviceslwith good ohmic 5

el ectrode properties usi and a net hod for
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used to produce sem conductor devices, electrica
properties of the sem conductor crystal itself is
naturally inportant. However, fromthe vi ewpoi nt of
devi ce applications, electrical properties of the 20

electrode:fart for electrically connecting the

serBEBhd A of LEFYstal to external devices are also 28

July 2006 2 , ,
The present invention relates to a method for

producing semiconductor wafers excellent in surface
stability, and to semiconductor devices with good chmic
electrode properties using the same and a method for

producing the semiconductor devices.

BACKGRCUND ART

III - V group compound semiconductor crystals
such as GaAs, GaP and GaN are widely used for the
production of semiconductcr devices such as high-speed
electron devices used in a high-frequency region of
microwave bands or higher, or light-emitting devices
such as various light-emitting diodes. When the
compound semiconductor crystals as described above are
used to produce semiconductor devices, electrical
properties of the semiconductor crystal itself is
naturally important. However, from the viewpcint of
device applications, electrical properties of the
electrode part for electrically connecting the

semiconductor crystal to external devices are also



important. In other words, formation of electrodes

that can obtain ohm c connection capabl e of 28 July 2006
efficiently flow ng current between the sane and

external devices has becone an inportant technica

problem 5 Generally, the conduction band | evel or

val ence band |l evel in semconductors is often
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of a target sem conductor |ayer. However, even when
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sem conductor crystal is selected from 15 the
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the barrier inhibits a snoboth flow of current. For
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20 a hi density surface defect level is
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the surface defect level; and the, surface defec
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However, even when the electrode material to

be mounted cn a semiconductor crystal is selected from

15 the viewpoint as described above, there is a problem
that instability at the surface of the semiconductor
crystal causes a potential barrier to form, and that
the barrier inhibits a smooth flow of current. For
example, in the case of a GaAs compound semiconductor,

20 a high-density surface defect level is spontaneously
formed; the Fermi level is fixed near the surface
defect level; and the surface defect level is formed in
a forbidden band. Consequently, a depletion layer that
becomes a potential barrier is often formed near the

25 surface. This means that a certain depletion layer
forms whichever electrode metal is used. Therefore,
the depletion layer makes it practically difficult to

obtain ideal ohmic properties even if an electrode



28 July 2006 3 material is suitably selected. In

order to address this problem the follow ng

configurations have been devised and are wel |l knOW%BJMyZOWS
a configuration in which a crystal |ayer such as 5

I nGaAs, which has a small forbidden band w dth and a

smal | potential barrier, is Yornmed between a

sen1con@#gtor an_electrode as an el ectrode
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conflguratlon i n an a und [tres are
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the tunnel effe by using the fact that the
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i ncreasing the concentration of inpurities. However,
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connecting layer, the InGAs |layer or the like is
f oremeiccondeciGarAsc ayeal wind han selecoeddenas hen26l eoprode
Iayer of a sem conductor crystal, wherein the |nGAs

| esymersing didyer i@ reduteetlo neRergy f §aen bakveesf the
the GaAs | ayer. Consequent | undue conpreSS|on or
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sem conduct or devic This cau distortion to f
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reduced to the extent that the current from an
electrode smoothly flows to a semiconductor crystal by
the tunnel effect, by using the fact that the thickness

15 of a depletion layer is reduced by increasing the
concentration of impurities.

However, when an InGaAs layer is provided as
an electrode connecting layer, the InGaAs layer or the
like is formed on a GaAs layer which is formed on the

20 top layer of a semiconductor crystal, wherein the
InGaAs layver has a different lattice constant from that
of the GaAs layer. Consequently, undue compression or
tensile stress acts on the inside of a finished
semiconductor device. This causes distortion to form

25 or surface morphology to deteriorate, in turn causing a
break in a wire or other problems to a fine patterning.
On the other hand, when the thickness cf a depletion

layer which forms a potential barrier is reduced by



On the ot her hand, when the thickness of a depletion

|l ayer which forms a potential barrier is reduced by 72381y 2006
July 2006 4 adding a |large anmount of inpurities, w
thermal stability of a sem conductor will be

inmpaired, resulting in instability of the operation

of a finished sem conductor?device and reduction in
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properties ng e sanme and a method for producing
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probl ens in conventional technology can be solved. 15

5 | Nt 19f dspe £ 9 56h VEhdéheoabove described problens, the
present invention has nmade it possible to obtain a

sem conductor |am nate structure excellent in surface
stability and havi ng good ohm c el ectrode properties
byDISCA.OSTREQOR THE | ZYyEENTWLON an appropriate 20
crystal structure on a ILIIl-V group conmpound, .

sem conduct oknsehgtet cpfsthe BUeAeRE TRASNLIAR pPebent
invention is described as follows: (1) A
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sem conductor single crystal_conprisi.ng a .
10 excellent in sugface ztabilgtgP and go provide

semiconductor devices with good chmic electrode
properties using the same and a method for producing
the semiconductor devices, whereby the above described
problems in conventional technology can be solved.

15 In order to solve the above described
problems, the present invention has made it possible to
obtain a semiconductor laminate structure excellent in
surface stability and having good ohmic electrode
properties by laminating a Si-layer with an appropriate

20 crystal structure on a III-V group compound
semiconductor single crystal such as GaAs.

The present invention is described as
follows:
(1) A semiconductor device using a III-V group

25 compound semiconductor single crystal comprising a

doped III-V group compound semiconductor single crystal

epitaxial layer, a Si-layer formed on the above

described III-V group compound semiconductor single



doped I11-V group conmpound sem conductor single

crystal epitaxial layer, a Si-layer forned on the 5gjuv2006
above described I11-V group conpound semn conduct or e
single 28 July 2006 5 crystal epitaxial |ayer, and a

nmetal electrode formed on the above descri bed

Si -layer as an ohm c el ect r odle. (2) The sem conduct or

devi di ng. b '
N e

conpound sem conduc

Crcyr?ttﬁjle %5€%i%séf’¥}§éd é§—fé ¥P¢agogﬁdﬁhﬂfg %f@ctrode.

above descri d neta electrode is an ohm c el ectrode

fory el ectr onppe (FamilBEn @88 6PNQLG1 QL Q@&‘bf&iﬁ%c%dkﬂg
to the above (1), wherein the above described I11-V

gr kv O( COPAkEEE 58Nt BONEHETOr dssbgiBegr Ystall group
epitaxial layer 1is p-type doped, and the above

5 desetpdaetd nedml corflect sodeinglancopstal etpitandelf bayer
hol es. (4) The sem conductor device according to any
ofis tiret yhovdopdd, tand 3jhe wakoee ndéber dbedemeesdri bed
I'11-V 15 group conpound sem conductor single crystal
i sskectirede teyanaphmbapetedtvpdanjovneleetsengd from
the group consisting of GaAs, InGaAs and I.nP. (5) The
sefd tonduct oFhee¥¢BECARIBFBPHgIeBLaRy26FOrghRIabByERe
(ég to (4$, wherei n the above described. Si-_20 | ayer
| ARPE bt b (FHEESIT| BYRr SBPTE aNPFFYOGRoTAToR BARUP
above descri bed II%-V’ roup_conpound. sem_copduct or

10 G RO TR Gt ep s ar Faare CBy=The SentChRGCHBY =T
d?¥é9§-@§§8r§6£8dfOaE@ytﬁé above degcribed metal
electrode is an ohmic electrode for holes.
(4} The semiconductor device according to any of
the above (1) to (3), wherein the above described III-V
15 group compound semiconductor single crystal is a single
crystal composed of any one selected from the group
consisting of GaAs, InGaAs and InP.
(5) The semiconductor device according to any of
the above (1) to (4), wherein the above described Si-
20 layer is a gingle crystal layer epitaxially grown on
the above described III-V group compound semiconductor
single crystal epitaxial layer.
(6) The semiconductor device according to any of
the above (1) to (4), wherein the above described Si-
25 layer is formed on the above described III-V group
compound semiconductor single crystal epitaxial layer

as a polycrystalline layer or an amorphous layer.

(7) The gemiconductor device according to any of



the above (1) to (4), wherein the above described Si-

25 layer is fornmed on the above described I11-V gr OWR yuly 2006
compound sem conductor single crystal epitaxial |ayer

as a polycrystalline | ayer or an anorphous |ayer. (7)

The sem conductor device according to any of 28 July

2006 the above (1) to (6), &herein the above

AR oL (SRR, 0L Bl (Bl e
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conpri si ng eps am nating required conpound

sefg conduct of mégﬂéﬂfféfn%%d@ﬁ@iné?ﬂefﬁiﬁnfﬁlm crystal
sem conduct or substrate y epitaxial growth to obtain
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and 10 formng a Si-Tayer on the above descri bed

5 | ldonb 6 Oy com osittelp s est conduct or singl e crystal by
epi taxi al growth, wherein the above descri bed steps
are perfor nbainimaaisanmecepitedi abmpgrent hséui nanduct sr
(9) The nethod according to the above (8), wherein
t hehiapolelestysbel bpyeasiah §roamhcesdugbeFofibatbyte
a nmetal organic vapor ghase epi t axy_net hod MOVPE
nme?h Rl 1 teaX ke hoPeetitar ‘Be‘a]ﬁ’?%b?lt%inFn'eYhSHOW(l&/Eﬁompound
nmet hod). 20 %10) The nmet hod accordi.ng to the above
(gyemd WY helaBhe eCHESER T he@™F1 1 - V group compound

sem conduct of 53 195 Ca CbYS1 8ek S0 ERESaBLDE' 8eBEYTHRY:

III-V group compound semiconductor single crystal by

10

epitaxial growth,
wherein the above described steps are
performed in a same epitaxial growth furnace.

15 (9) The method according to the above (8),
wherein the above described epitaxial growth is
performed by a metal organic vapor phase epitaxy method
(MOVPE method) or a molecular beam epitaxy method (MBE
method) .

20 (10) The method according to the above (8),
wherein the above described III-V group compound
semiconductor single crystal is a GaAs single crystal.
(11) The method according to the above (8),
wherein, when the above described Si-layer is formed, a

25 thin film layer of the above described III-V group
compound semiconductor single crystal to be joined to
the above described Si-layer is n-type doped with Si.

(12) The method according to the above (8),
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(11) The nethod according to the above (8), wherein,

when the above described Si-layer is formed, a 25 g Jy1y2006

thin filmlayer of the above described Il1-V group
conmpound sem conductor single crystal to be joined to
t he above descri bed Sl-layer IS n-type doped with Si.
(12) The nethod accordi ng to’the above (8), 28 July
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t hgo @ Vigi €lgSEs | Deda SEniayeiim €2pycdhe1gpehodt the above
according to any of the above (8) to (12), wherein

t he €bOVIS=dEBTT i DegrSiip | ayepousdf sembdondacaosi aghgle
crystal layer, a polycrystalline layer or 10 an
anrypdtoals tayee . jéided AcoethedaborepdedaribhgdaSi-layer.
sem conduct or device wusing a |Ill-V group conpound
sehi%bnductdThsimgtbodcaVSPHdingohpr&BYngfthbesﬁbpge (8)
of: lam nating required conpound sem conduct or
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(14) A method for producing a semiconductor device

using a III-V group compound semiconductor single
crystal, comprising the steps of:

laminating required compound semiconductor
thin film crystal layers on a semiconductor substrate
by epitaxial growth to obtain a III-V group compound
semiconductor single crystal;

forming a Si-layer on the above described
ITI-V group compound semiconductor single crystal by
epitaxial growth,

wherein the above described steps are
performed in a same epitaxial growth furnace; and then

forming a metal electrode acting as an chmic
electrode on the above described Si-layer.

By forming a Si-layer on a III-V group
compound semiconductor single crystal epitaxial layer,
it is possible to suppress the formation of a surface

defect level on the surface of the III-V group compound



wherei n the above described steps are perfornmed in a

sane epitaxial growh furnace; and then formng a 28 July 2006
netal el ectrode acting as an ohm c el ectrode on the

above described Si-layer. 2S By formng a Si-layer on

a lll-V group conpound sem conductor single crystal
epitaxial layer, it is possible to suppress the

formation. of a surfage def ec e surface of

| evel on t c
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preven cessary potéentl
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is excellent in emcal stability, it 1s possible to
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el ectrode wusing a netal having a suitable work
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the |ike. BRI EF DESCRI PTION OF THE DRAWNGS 10 Fig. 1
| usAlrsPCd moetad 1 vihaewd rsdn oavi sngi aatb 1 @ xeopk af ynetbodi nenthe
of a sem conductor device according to the present
i ridentayoer,, BEST e/CDED FOR TARRMING GUTEIIEL 1 RWENTI ON 15
An exenpl ary enbodi nent of the present invention wll
now be described in detail with reference to the

dr awi ng. Fiicgﬁ.)= 1 shows an exe Iarg enbodi nent of a
seﬁﬁ%‘%ﬁgdﬂ%ﬁ IRELAR OB CEHF PRYTHCE he present
10invention VVﬁlFQ,in a sectional.viefL The ;gniconductor
devi ce sho 1 18 a sectional view showlng an
exemplary embodiment of a semiconductor device

according to the present invention.

BEST MODE FOR CARRYING CUT THE INVENTION

15 An exemplary embodiment of the present
invention will now be described in detail with
reference to the drawing.

Fig. 1 shows an exemplary embodiment of a

semiconductor device according to the present invention

20 1in a sectional view. The semiconductor device shown in
Fig. 1 is a hetero-junction bipolar transistor (HBT) 1
that is built using a III-V group compound
semiconductor crystal. HBT 1 is built using a GaAs
single crystal 10, which is a III-V group compound

25 semiconductor single crystal for HBT having a known
configuration, and by which it functions as an HBT
device. The GaAs single crystal 10 is manufactured by

successively laminating, on a GaAs substrate 2, a
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Fig. 1 is a hetero-junction bipolar transistor (HBT) 1

that is built using a Ill-V group conpound
sem conductor crystal. HBT 1 is built using a GaAs 28 July 2006
single crystal 10, which is a Ill-V group conmpound 25

sem conductor single crystal for HBT having a known
configuration, and by which 3t functions as an HBT

device. The GaAs single crystal 10 js nyf.act ured hy
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July 2 buffer_ layer. 3 n. n+ | aye

Lt e Y lop Pk e o POIYEND ¢ Hans Javer

| awgei ZL;T%}?E{@; G?aASalJl %%n%%@aﬁ%%?%%i@tefnl 'éPpa?, an

| ayer _ ayer) _ _ [ayer (emtter cap
| ayehaB 17630 RRACUYY AR I [RIMaE ali Pramdppropriate

furnace, by an appropriate epitaxial growh nmethod

S Ui t85x 180 TR 12wl QR Ea ¢@P Oby PAa SEpp£PbE BXYe Nep hodxial
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| ayer of 10 the GaAs single crystal 10 is an n-type
doggeEid GaAgne tlayd r (MOWFE hmethheds ponds holaoularthean
"doped I'l11-V group conmpound sem conductor single
crapsttaxe phetdxdl (MBRyeethod) t he present invention,

The Si-layer 11 is fornmed by |am nation on the n+GAs

| ayer 8 for A gt'oWadisnd agieterd teheiche|igc i o ‘ayer of
ohm c el ectrode  above the n+GaAs | ayer 8. .The

el St IS | HHRILALTERPbsEY HF &R Uit YRS (APRSRsCans

foried onthe Sislaver s as Lheohrisep! esipedertoty
group compound semiconductor single crystal epitaxial
layer" in the present invention. The Si-layer 11 is
formed by lamination on the n'-GaAs layer 8 for
providing an emitter electrode as an ohmic electrecde
above the n*-GaAs layer 8. The electrode layer 12
composed of aluminum (Al) is formed on the Si-layer 11
as the ohmic electrode for electrons.

Formation of the Si-layer 11 by lamination on
the n*-GaAs layer 8 that is chemically unstable and is
apt to form a surface defect level can effectively
prevent a potential barrier such as a depletion layer
from forming in the n*-~-GaAs layer 8. Moreover,
formation on the Si-layer 11 of the aluminum electrode
12 that can obtain a good ohmic connection to Si
establishes a good ohmic connecticn between the
electrode 12 and the n-InGaP layer (emitter layer).

Generally, GaAs crystals are rapidly oxidized



Formation of the Si-layer 11 by lamnation on 20 the

n4- GaAs |layer 8 that is chemcally unstable and is 28 July 2006
apt to forma surface defect |evel can effectively

prevent a potential barrier such as a depletion |ayer
fromformng in the ntGaAs | ayer 8. Moreover,

formation on the Si-layer 13Cof the al um num el ectrode
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prevents the formation of a good ohm c el ectrode.
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hetero-junction without allow ng the unstable surface
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epitaxial growh furnace followed by epitaxially

gridvé ng -GadsSildyayers it iam tepd tasdimd apiawhti duyprasg h
furnace by the MOVPE nethod, the 10 MBE nethod or the

| i Sl 1St i By cepl yaxprlierabdyingntheeSGapayesubst +at khe
2, the buffer layer 3 through the n+GaAs _|ayer

( FAE P Iay aFjochr busireesky vy ¥EYReEgmehod, the
lam nation in an appropriate epitaxial growth furnace
13785 W%r%r‘?}é‘?el@g?taxi al growth nethod such as

EE: MOVPE ngthode; LIy VBE Pethod pr the i keglgsform
substrate 2, the buffer layer 3 through the n'-GaAs
layer (emitter cap layer) 8 are successively formed by
lamination in an appropriate epitaxial growth furnace
by an appropriate epitaxial growth method such as the
MCVPE method, the MBE method or the like to form the
GaAs gingle crystal 10, and subsequently a Si raw
material such as silane (5iH;) or disilane (Si;Hs) 1is
supplied to the same epitaxial growth furnace and
thermally decomposed by the above described appropriate
epitaxial growth method, the resulting Si being grown
on the n*-GaAs layer 8 to form the 8i-layer 11. Here,
the Si-layer 11 is preferably formed as a single
crystal layer that is epitaxially grown on the n'-GaAs
layer 8, a GaAs crystal. However, the Si-layer 11 is
not limited to be formed as a single crystal layer, but
may be formed in a polycrystalline or amorphous form.

Here, the S8i-layer 11 is preferably n-type



GaAs single crystal 10, and subsequently a Si raw
materi al such as silane (SiH4) or disilane (SiZHB)'Z%JMyzoOG
supplied to the sanme epitaxial growh furnace and 20
thermal |y deconposed by the above descri bed
appropriate epitaxial gromﬁh nmet hod, the resulting Si
bei ng grown on the n+GaAs Iéyer 8 to formthe
Si-layer 1 ep, er_11 i.s ef er abl .
fo(%O 1%h5|%gle %Fyg? lfgye%ntﬂg °f E%p??%%igPFyOhmlc
ar er a
é%%hé%klﬁ& @PS?Aéffégikég if o ?? éér&EXég BFothe

However ayer not ted to
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pol ycrystal i ne or anorphous form Here, the Si-Iayer
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or the like in order to make the ohm ¢ connection

5 feieid€TIV vehas NacoOnstdeeasi on ohet henger fromevetreral
that is fixed near the surface defect |evel.
Mot ey eang sheorts - taysevdtatlesundbégs bBogshobmsS For
critically, has a thickness in the range from severa
t enbnbhyst roasone, séveial dhshdrkle thgtt thasn f@ahAs layer
simlar reasons, it is desirable that the n+GaAs |ayer
8 Heda upileieeEed ot ® heha- FybﬁpﬂoéPﬂgngAlthough there is

alittle difference of  the 10 ener Y, at the end
of a conductl%ﬁh%%ﬁﬁ baetigehs %ﬂ%&tgiﬁ %Fgf?ﬁ@nce of 'the

di ff h h
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small by performing n-type doping of the Si-layer 11
and the n*-GaAs layer 8 as described above. The n-type
15 doping can be performed for the n'-GaAs layer 8 and the
Si-layer 11 using a suitable means for each layer.
However, without performing an intentional doping,
mutual diffusion by heating between the n'-GaAs layer 8
and the Si-layer 11, when the Si-layer 11 is formed on
20 the n'-GaAs layer 8, allows the amount of doping with a
sufficient concentration in each layer to be achieved.
Since the Si-layer 11 has a very stable
surface and a small surface level, a good ohmic
connection can be achieved between the Si-layer 11 and
25 the electrode 12 by using aluminum that is a metal
having a suitable electron affinity, in the manner
gimilar to the Si semiconductor technology. As a

result, the GaAs single crystal 10 can be electrically



Si -layer 11 using a suitable neans for each | ayer.

However, w thout perform ng an intentional doplng v 2006
mut ual di ffusion by heating between the n+GaAs | a 2%£uy 0
and the Si-layer 11, when the Si-layer 11 is forned on

20 the n+GaAs | ayer 8, allows the anount of doping

wth a sufficient concentréglon in each |layer to be
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28 July 2006 12 connected to external devi ces t hr oug
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of the both. The configuration of an enmitter el ectrode

wast dldsade belledtwrdde aboychaesclaper andodi ceblecbutr

a good 5 ohmc electrode can be provided simlarly in

t hel easexdofta dasel béecer obiesyen. a Baseovayerthad a
collector electrode to a collector |ayer. Moreover,
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The above described embodiment described the
case in which the III-V group compound semiconductor
single crystal epitaxial layer is n-type doped and the
15 metal electrode is the ohmic electrode for electrons.
On the other hand, the present invention can
be similarly applied to the case in which a III-V group
compound semiconductor single crystal epitaxial layer
is p-type doped and a metal electrode is the ohmic
20 electrode for holes, and thereby similar effect can be

obtained.

INDUSTRIAL APPLICABILITY
According to the present invention, it is
25 possible to effectively prevent an unnecessary
potential barrier to be formed and to form a good ohmic
connection between a Si-layer and an electrode by

forming a Si-layer on a III-V group compound



single crystal epitaxial layer is n-type doped and the

15 netal electrode is the ohmc el ectrode for
el ectrons. On the other hand, the present invention 28 July 2006
can be simlarly applied to the case in which a lll-V

group conpound seni conductor single crystal epitaxia
layer is p-type doped and &3etal electrode is the

h 20 el trode f hol d.th
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connec Ton bet ween a° ayer and an electro
forp80a 2 shal 8¥EErARL adélf!l.cé/sgEHHBu%H”’EHH”@l%@t%BB}é
2006 13 sem conductor single crystal epitaxial |ayer.
As a result, it is possible to efficiently flow
current betmeen the I'l'l-V group conpound

sem conductor single crystal and external devices
through the electrode. 28 July 2006 14 CLAIMS 1. A
sem conductor device using a Il1-V group conpound
sem conductor single crystal conprising: a doped II1-V
group conpound sem conductor single crystal epitaxia
| ayer wherein said single crystal epitaxial layer is
a single crystal conposed of



any one selected fromthe group consisting of GaAs,
InGaAs and InP; a Si-layer formed on said I11-V groug ryty 2006
compound sem conductor single crystal epitaxial |ayer;
and a netal electrode forned on said Si-layer as an
ohm c electrode. 2. The sem_conductor device according
to claim 1, wherein said |V group conpound
I
I

sem conduct or single_crﬁ§%§1N§pitaxial | ayer is
n-type doped, and said | ectrode is an ohmc
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according to c erern sa

c ] si c epi i ak ayer
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and said neta ectrode Ts an m c

el ectrode fof AOb&s 11H-vTHLoSSMEQPEULE Osede¥bhBuctor
according to any one of clains 1 to 3, wherein said

Sisimyrs dSysSl ngherakiybt BhvéayRheepihaxball yiggdan

on said Ill-V group conpound sem conductor single
crostastakpepixaalal ayeyer s Theisehecondstadr cdeposed of
according to any one of clains 1 to 3, wherein said
Siannyene | selerped Hromstlel grogpeconsishing| of- §ahs,
group conpound sem conductor single crystal epitaxia
IéVéEﬂ%% ApolyRrystal line layer or an anorphous

| ayer. 6. The sem conductor device according to any
one a Si-layer formed on said III-V group

compound semiconductor single crystal epitaxial layer;
and

a metal electrode formed con said Si-layer as
an ohmic electrode.
2. The semiconductor device according to claim
1, wherein said III-V group compound semiconductor
single crystal epitaxial layer is n-type doped, and
gaid metal electrode is an ohmic electrode for
electrons.
3. The sewmiconductor device according to claim
1, wherein gaid III-V group compound semiconductor
single crystal epitaxial layer is p-type doped, and
said metal electrode is an ohmic electrode for holes.
4. The semiconductor device according to any cone
of claims 1 tec 3, wherein said Si-layer is a single
crystal layer epitaxially grown on said III-V group
compound semiconductor single crystal epitaxial layer.
5. The semiconductor device according to any one

of claims 1 to 3, wherein said Si-layer is formed on



of claimse 1 to 5 wherein said netal electrode

conprises alumnum 7. A nethod for producing a thi
filmcrystal wafer for a Ill-V group conpound rkSJuly2006
sem conduct or device, conprising the steps of:

| am nating required conpound sem conductor thin film
crystal layers on a sem condéictor substrate by

epitaxial_growh to obtain.,a Il]-V group co oynd

o b b rIETHRY | SOTRG S e ErpdiaT R Sieptr apaystal
on _said l1]-V grou co und sem conduct or_ singl
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p %?4 éhérh SAnme epi taxial growh furnace. 8. The
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g to claim7, wherein said epitaxial

greowth i's pepor 'égﬁﬁ%ﬁ%%€ld@§9@@i&cH@P@{n%pB§S§ny one

epl taxy net hod ( or a nol ecul ar beam
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to claim7, wherein said [11-V group conpound
serdmentied aalwhighe. crystal is a GAs single

crystal. 10. The nethod according to claim?7, wherein,
when sai d Sialmgehod stéorpediuaindi @ thim fayer coystal
said [11-V group conmpound sem conductor single

crwasfiet faor be 1BL 78 Judyp 2006pojnd neemi eondindt oF - fiayére,
is n-type doped with Si. 11. The method according to
clepmpisin@rithe aCePHiatfilmlayer of said compound

sem conductor single , )
amindating required compound semiconductor

thin film crystal layers on a semiconductor substrate
by epitaxial growth to obtain a III-V group ccmpound
semiconductor single crystal; and

forming a Si-layer on said III-V group
compound semiconductor single crystal by epitaxial
growth,

wherein said steps are performed in a same
epitaxial growth furnace.
8. The method according to claim 7, wherein said
epitaxial growth is performed by a metal organic vapor
phase epitaxy method (MOVPE method} or a molecular beam
epitaxy method (MBE method).
9. The method according to claim 7, wherein said
III-V group compound semiconductor single crystal is a
GaAs single crystal.
10. The method according to claim 7, wherein,
when said Si-layer is formed, a thin film layer of said

I1I-V group compound semiconductor single crystal to be



crystal contains As, and, when said Si-layer is

formed, said Si-layer is n-type doped with As in a, gJulyZOOG

thin film crystal layer of said Ill-V group conpoun
sem conductor single crystal to be joined to said Si-

| ayer. 12. The net hod accordl ng to any one of clains 7
to 11, wherein sald S|-Iayer Sis formed as a single

e R i S TR Bak e SemPR AR B
defice usi $ $é£h8&9£888r§ﬁ FHdc§§$h09“dHﬁE?éln a
single crystal, conprisSing éps o am nat i ng
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Iayers on a sem conduct or trate by epitaxi al
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S|ng e crystal; forn1ng a S|-Iayer on said 1T11-V group
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growt h, wherein said steps are perfornmed in a sane
epttextal Dapet hof usasdeIInand gheupf oompognd net al
el ectrode acting as an ohmc electrode on said
Sis¢myeenductor single crystal to be joined to said Si-
layer.
12. The method according to any one of claims 7
to 11, wherein said Si-layer is formed as a single
crystal layer, a polycrystalline layer or an amorphous
layer.
13. A method for producing a semiconductor device
using a III-V group compound semiconductor gingle
crystal, comprising the steps of:
laminating required compound semiconductor
thin film crystal layers on a semiconductor substrate
by epitaxial growth to obtain a III-V group compound
semiconductor single crystal;
forming a Si-layer on said III-V group
compound semiconductor single crystal by epitaxial
growth,
wherein said steps are performed in a same
epitaxial growth furnace; and then

forming a metal electrode acting as an ohmic

electrode on said Si-layer.



