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WL203 17/ 14 DESCRI PTI ON METHOD FOR PRODUCI NG THI N

FI LM CRYSTAL WAFER, @ SEM CONDUCTCR DEVI CE USI NG THE
SAME AND METHOD FOR PRODUCI NG THE SEM CONDUCTCR DEVI CE
TECHNI CAL FI ELD The present invention relates to a

met hod for producing sem conductor wafers excellent
in surface stabilitfy, and to sem conductor devices

W th good ohm c 5 el ect mpde AP | €S using the sane
and a nmethod for producing the sem conductor devi ces.
BACKGROUND ART 111 - V group conpound sem conduct or
crystals 10 such as GaAs, GaP and GaN are w dely used
for the METHONCIORNPREDSEINGONHUNt I LHEYRESTASUGAFER,
hi gh-speed el ectron devices used in a high-frequency

r egi OREMLCONDUCOGRY @ENVANES USTNGE g ,SAME AND METHOD FOR

light-emtting devices such as various light-emtting
di odes. When PREDIUEISGNFdIENGEYEAQREHITIROIDENIGE al s as
descri bed above are used to produce sem conduct or
devices, electrical properties of the sem conductor
crystal itself is naturally inportant. However, from
the vi ewpoint of device applications, electrica
properties_of the 20 electrode part for electrically
coh %%FFﬁﬁLtﬁéELQeniconductor crystal to externa

devi ces are @Eso 2 inmportant. .In other words,
formation of

producing semiconductor wafers excellent in surface

stability, and to semiconductor devices with good ohmic

electrode properties using the same and a method for

producing the semiconductor devices.

BACKGROUND ART

IIT - V group compound semiconductor crystals

such as GaAs, GaP and GaN are widely used for the

production of semiconductor 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 viewpoint of
device applications, electrical properties of the
electrode part for electrically ccnnecting the

semiconductor crystal to external devices are also

FeEFFBSE invention relates to 'a methoed for

W1203
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that can obtain ohm c connection capabl e of
efficiently flow ng current between the sane and
external devices has beconme an inportant technica
problem 5 Generally, the conduction band | evel or

val ence band | evel in sem copductors is often
different fromthe work function of electrode netals.

Themed et gnt . | N18r dehetrOwblraw, CWdreRtt idH @@ electrodes
sem conductor crystal through el ectrodes snoothly, it

| stimecessarybtaisebentic tonaectliect redebiad eff adfthetently
has a work function conpatible with the band structure

of f rowangetursent chaduwetar thay eameHamel erxt cenvredll vdenices
the electrode material to be nounted on a

sem £ opelueter agr yspaktibststketingdaflr gmoblent.he

vi ewpoi nt as descri bed above, there is a problemthat
instability @nehelsysf abe ebndictdem domducioorel or
crystal causes a potential barrier to form and that

t HE bR FE PANANL BV ES ANSABBEROPCOWTEr Scusr @ftterFgiifferent

ex le,. in the case of a GaAs conpound sem conduct or
ngggﬁib%@d%ﬂEFtgugﬁFFﬁﬁeogeFééFtFQﬂ& megals.  Therefore,

PRPLARSBUSLY BTG ADE TELR. ol Srel p e el
I 1S f ' f j dden. d. Co tly,
ey LR e LB S0 000 ST o e

of e { QLIE é‘%ﬁ‘ét%?faﬁtgé‘{fﬁﬁ%- aTt}io‘}k?%%Fx%tti gl a

certain depletion [ayer orms whichever electrode
NMeicgpd sinised, i dhef gf okeng theudepleat iben ol fyelyrakes

it practically difficult to obtain ideal ohmc
prapeiddesueyen idyap. el ectrode 3
However, even when the electrode material to

be mounted on a semiconductor crystal is selected from
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,
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
surface. This means that a certain depletion layer
forms whichever electrode metal is used. Therefore,

the depletion layer makes it practically difficult to

cbtain ideal ohmic properties even if an electrode



material is suitably selected. In order to address

this problem the follow ng configurations have been

devi sed and are well known: a configuration in which

a crystal layer such as 5 I nGAs, which has a snal

forbi dden band width and a gyall potential barrier,

is formed between a sem conductor crystal and an

el getEode1assagugkaghnode1Lamnecting layer to reduce

the energy gap between the electrode and the

seni conduct o nChyskal t Oladrkd L aHigW@aid ain, newddi ch

an abundance of inpurities are added so that the

t htekbhessnof candiephetitdmrisayeivd pedredlBeitsdd die are well
extent that the current froman electrode snoothly
fllowswho a senfégndaction drysthdlchby dhetainnelyer such as
effect, by using the fact that the thickness 15 of a

S dept@eion vhyeh hssredsved by orpddelsi fprtchevidth and a
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concentration of inpurities. However, when an |InGAs

| afe3 11 sppievtded hesrrarrel dét fodaesbipedsaidary d ayer,

the InGaAs layer or the like is forned on a GaAs

| SR GRRRCTST f BF HEG 2N 2 Fe 2P0 SHES Irdfer &6F an electrode
sem conductor_crystal, wherein the I1nGaAs |ayer h%§ a

L,
di FPEENt 1At $ FEBT cORsEAAUCEr SRt RRET % Ioe Hefaesn the

I o OO : d [ 1
B SRS BN haY] e L SBE o R R e Tortiuct or

frgé/érﬁﬁ[ %ug%é PLOA P Swﬂhégng AN AR %mo.fzgm%rurgir‘{g‘ekc% re

rpho errorate, Inturn causrng a In
S JREq K othpe PrOThATE A8 bine BRIt/ e
Whi & d &4l NBo ar ROt Rt bak BaBL @hel Sukedueed v an
electrode smoothly flows to a semiconductor crystal by
the tunnel effect, by using the fact that the thickness
of a depletion layer 1is 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 1s formed on the
top layer of a semiconductor crystal, wherein the
InGaAs layer 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
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 of a depletion

layer which forms a potential barrier is reduced by



4 adding a | arge anpbunt of inpurities, thernal
stability of a sem conductor will be inpaired,
resulting in instability of the operation of a
finished sem conductor device and reduction in
reliability of 5 the operatign thereof. DI SCLOSURE OF
THE | NVENTI ON An object of the present invention is to

pPr &¥ddeqaa mekbgd ta%uwto@tfcIﬁ@:&qrﬂlwdbtq{&mwf@ﬁmhty
10 excellent in surface stability, and to provid

seff conde@t obndaviees wwitth b@oqehpaﬁrﬂe@ el@aﬂqﬂﬁlg in
properties using the sane and a met hod f or pr oduci ng

t henseab tonductor tevopesatwher elfy a e ralomed descri bed
probl enms in conventional technology can be solved. 15
| semdeontlocsokvdetthecabade réesertiileed irprreilietsi 1 ite of
present invention has nmade it possible to obtain a

S seie opplece brohathiaaeefstruct ure excellent in surface
stability and having good ohm c el ectrode properties
by | am nating a Si-layer wwth an appropriate 20

stal structure on_a Ill-V group conpound

%EH%%%B%roglﬁﬁFeI§V§§?§pNsuch as GaAs The present
|nvent|on is_descri L
sen1conducto$nd%93%€tu§ nﬁ 8 PFP59n§r&Eﬁen§5‘HbﬂﬁbJﬁﬂ
{
o o PR ReT: £ aHEP AP S PETE AL SRR S A A
10| W8le] Aol - lr‘?‘y&ur%%gegtgﬂﬁtﬂ@xgl kg cdepdied I ' -

group conpound semn conduc
semiconductor devices with good ohmic 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 chmic electrode
properties by laminating a Si-layer with an appropriate

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

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




5 crystal epitaxial layer, and a netal electrode

formed on the above described Si-layer as an ohmc

el ectrode. (2) The sem conductor device according to
the above (1), wherein the above described I11-V

group 5 conpound sem conduct @r single crystal

epitaxial layer 1is n-type doped, and the above

de i : .eke e i j P08 f

el oel T ons. TN HAE e any Sataia o doul Fe dncorainy Tore

then REVELLIY, qwBerebRdt ke -akens: dascii Rathdd leMectrode.

group 10 conpound sem conduct or single crystal
epitpxi al | ayge skmipohyipet@epedviand 4 bave to the
described netal electrode is an ohmc el ectrode for
hodlesve (4)) Thehsest aontec b vee\detr: wideal di T\ oy Bdyp
of the above (1) to (3), wherein the above descri bed
51 | ¢epoldhd gsempcondpotind semigdenduscisaralsiagltescralstyer
is a single crystal conposed of any one sel ected from
t hes gnouppe conpedt | AgdothGaAdbovien Getsraieed mtg15) The
sem conduct or device according to any of the above
(191leotyade hpepri AhMhe abeesr@dscAiddedISictxng ayer
is a single crystal |ayer epitaxially grown_ on the
abb¥k describedl FEIiGOFABGHCEORSTIRE SERTSHAEtiG the

JEATEEe abLor dPRECEON Ao PLt e B e 1 (hy3touP
wh in t b i bed Si- 25 | i_s .faor.ned

10 e A G G PR Epals Eovsity e S chre
Si gl o £yt aboni ¢ axbalyb aYhyeatied AR Yakahl i ne

| ayer” or- ‘an anof phous | ayer
electrcde is an chmic 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 single 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 pelycrystalline layer or an amorphous layer.

(7) The semiconductor device according to any of
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(7) The sem conductor device according to any of 6

the above (1) to (6), wherein the above descri bed
netal el ectrode conprises alumnum (8) A nmethod for
producing a thin film crystal wafer for alll-V
group conpound sem conductor device, 5 conprising the
steps of: lam nating requireg conpound sem conduct or

thtfefbbBvEr Y3t akol a%6r S wBR r@ 192 FHEO RHIRIO I SIbSihad Gmeta ]

by epitaxial growth to obtain a Il11-V group conpound
segl eepdugs otcpRgkeschysimahumand 10 forming a
Si -l ayer on the above described 111-V group conpound

sefd conduct or mébpbe €oysbabduyingpiat atial frowtdrystal
wherei n the above descri bed steps are perforned in a
sanefepi faxi al IGEoVit brbupnacepoubdl E@mibuemdmetthod device,
according to the above (8), wherein the above
deserpbediepi thxi ategsorth is perfornmed by a netal
organi ¢ vapor phase epitaxy nethod (MOWPE nethod) or
a ol ecul ar beawnepinaxyeaviked CVBEOUmS: keenicagiyanr
The met hod according.to the above (8), wherein the

ablovie? destR | peBsF#1- ifagﬁéapoaoﬁpéeﬁaw@@fﬁww%trate
si.ngle cr GaAs s e cr stal 11

P A %r?%tPhanBb\‘?gl(’S? RN S W
absoevrglgeﬁ rc':tpc?d SSllnil |sf,irm§dﬁa 25th|nf|Im
| ayer o He-Above de CFFBSE r1 2y group conpound

sem conduct of , 5 N9} €;CEYSt glek0oRethl B84 k0 descrived

ITI-V group compound semiconductor single crystal by
epitaxial growth,

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



t he above described Si-layer is n-type doped with Si.

(12) The nethod according to the above (8), 7 wherein

t he above descri bed sem conductor single crystal

contai ns As, and, when the above described Si- |ayer

is formed, the above described Si-layer is n-type

doped with As in a thin filmcrystal |ayer of the
abpMersidesski Bedvkl be¥caiodp GRANAWHHEAN £onouet Or
single crystal to be joined to the above described
Sictoyesl c6aBhifbeneset had,agserndithe: taaY Msdhbed Si-
above (8) to (12), wherein the above descri bed
Sithpyerigstbomadd tas absivegkesemysicdl Jidyeliyed is n-type
pol ycrystalline |layer or 10 an anorphous |ayer. (14)

A depdddwidh peoduocenghanséhniloondycttarl dewere ofusting above
I11-V group conpound sem conductor single crystal,

S cotprtsihgdt héIsVepsouh: chaporad sgmierpunduart oo npicunte

sem conductor 15 thin filmcrystal |ayers on a

sefF toRdbcterbsubsinadetobfheppbayicaldegeaitied ¢iobkayer -

alll-V groug conmpound sem conductor single crystal;

fofhihg a SithayBertBAdt peEcapEkBIdEScANYe®T 1Hhe \2Rtup(8)
| e crystal 0 epitaxia

NECAA _ bed

S?ﬁrﬁf ﬁ?ghﬁg‘?ﬂégﬁg%ﬁgtﬁéos QgsséF?Séab&ﬂeésl-ﬁﬁéfer is formed
d. i L axial h_f - and th

1 iaﬁ%n-"aﬁg%n%e' Le SFPEr kRl bakehet P%égi‘é!%’%%% 18N8 d@ng T

10(1% *Ehé¥5W8u96f§§%Ped Si-layer. 25 By formng a
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Si-Tayer on a | group

(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
I11-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 ohmic
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



conpound sem conductor single crystal epitaxial |ayer,
it is possible to suppress the formation of a surface
defect level on the surface of the II11-V group
conmpound 8 sem conductor single crystal epitaxia

| ayer and to effectively preyvent an unnecessary
potential barrier to be fornmed. Since the Si-I|ayer

hagea: saRAtR LW fAeg 1@ rJ st AXCEenti d 1 f%‘)‘?é%céﬁd to
I ohm ¢

stability, it is possibleto 5 obtain a goo

el gereedevhy f%&@%@%ta%dﬂdﬂﬂééggéaﬁﬁﬂﬁEkéhE@%?Jbarrier to
havi ng a SU|¥a l e work function to the Si-Ilayer, for

expapkermabum Bummcer thie Jii-kewyekO B BF HRRGR PRI ENEE and
THE DRAWNGS Fig. 1 is a sectional view show ng an

exespkacyleghadimerteafi ca ls etiatondutst, oritdevs ggossible to
according to the present invention. BEST MODE FOR

S CARRYE NG UFodHEChMVENEILGN trdén bax eimpinairyy earb ozl exeint ode

of the present invention will now be described in
detaihgwit hetpdf bpenog o sthid adrlaniwark Aiupctlicghows &ne
exenpl ary enbodi ment of a _sem conductor device

acebr da¥grt ofphecprapdsty EAVEEIIWGN o0l Jaikrect i onal

vi ew. The sem conductor device shown in Fig. | is a
hetero-junction bipolar transistor (HBT) 1 that is

cryRtat "BEeRs b Loy, Bt el RERALR. °°Ci ngl e crystal

. , - 5 :
O10, whi ch ISF?gIIH gégggggFﬁggE%EE%ﬁﬁgr%Sﬁhggﬁggﬁ§or
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single crystal“for
exemplary embodiment of a semiconductor device

according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

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



configuration, and by which it functions as an HBT
device. The GaAs single crystal 10 is manufactured by
successively lam nating, on a GaAs substrate 2, a 9
buffer |ayer 3, an n+GaAs | ayer (conductive |ayer) 4,
an n-GaAs | ayer (collector I@yer) 5, a p-GAs | ayer
(base layer) 6, an n-InGP | ayer (emtter layer) 7, an

N+afsclaygyeteni t kel #aR,h8Y¢0)e8: (LBnANARRILOAE ALY 4,

5 epitaxial "grom h tfurnace, by an appropriate

ephhaxiabasgnayth Mebhad Sueh 13563 )8 ala PYOHUE VAPOF

phase epitaxy nethod (MOVPE nethod) or a nol ecul ar

be@lHas_épiLégé)t)”Bt,h@ﬂ nMBRoEt hedler ThRenith@ASIdpyer 8, an
which is the top layer of 10 the GaAs single crystal

10nT-scamE Mtdype Jopett &aAsapl ayeer) wWei, ciincanr egpodsiate
to an (n-type) "doped IIl-V group conpound
5seaproadilel ogreivhgl duecnpstal bgpiatnaxipalrodayere epi tdveial
present invention. The Si-layer 11 is forned by
| agrk piath onebhotheughGaAs al apdr 18 oftganlis pragyvd ipig &
emtter electrode as an ohmc el ectrode above the
n+&RisaxnyBet Bod THMOEPEC inedded) aper a1l molemyicsedam
alumnum (Al) is forned on the Si-layer 11 as the
ohf® tt 2% B CPe bleds 6MBEI BELPORY - Formation of the
Si-layer 11 by lam pation on 0 the ntGaAs | ayer .8
that is chen?%ﬁlpy'%%%§a P¥ehnY YRICHpESt bhpoFRPalayer of
sur.fac ef ect Level can.effectivel prevent a
10 BT e S LT hoLE  EheRPaL 10aes! 801 B HaTeroRT b ens
forquag ' ,1b 8*&@% LAXS' +8- JNbrGoY IR o o,
the S -1ayer ﬁl of "the aﬁuninuﬁ1eﬁect§%§é %&%% 1
group compound semiconductor single crystal epitaxial
iayer" in the present invention. The Si-layer 11 is
formed by lamination on the n'-GaAs layer 8 for
15 providing an emitter electrode as an chmic electrode
above the n’-GalAs 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
20 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
25 12 that can obtain a good ohmic connection to Si
establishes a good ohmic connection between the

electrode 12 and the n~InGaP layer {emitter layer).

Generally, GaAs crystals are rapidly oxidized




25 12 that can obtain a good ohm c connection to S
establ i shes a good ohm c connection between the

el ectrode 12 and the n-InGaP | ayer (emitter |ayer).
Generally, GaAs crystals are rapidly oxidized 10 in
air, and a depletion layer fpymed by the disorder of
the crystal surface at the oxidation allows a high-

depgi hyrsurhacs B@}é@%t&%nf qrarpewfo%d% et tdesorder of
formation of a good ohm c el éctrode. Therefore, it is

5 pRsstbiertd EarmhacShiGafs hetieza-idneliuavd hougnh-
allowi ng the unstable surface level to form by
groshagtyt ber fxEaAsekayer o8 fiorman welidhavp il vegitmthe
furnace followed by epitaxially growing the Si-Ilayer
lifemméaheonsaffeaepobdxbahigr edel tiwdeace hetdfeMNVPRE is
nmet hod, the 10 MBE nethod or the |ike. Specifically,

Spredesdbly, tonfohe @aBs/Gsdbsteare o2, unhut iouf frgrt Hayer
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3 through the ntGaAs |ayer (emtter cap |layer) 8 are
suREERRI N8| Yhe ounedabye Bamfﬁéﬁ devied a& deprophivatarowing
epitaxial growth furnace 15 by an apgroprlate

ept i eud alCa oy aretthokh satrehe%ét%ﬁéa I\/EX/PEtﬁetfHéﬂaC?he

thod or the like to formthe 2 GaAs sing
5%{?;?"’% b%nﬂp%i‘%éﬁbéﬁt 9§°Hl§9 B Sﬁfatlé‘mearl dudir the

I lied.t
? PG LTI oFE A bl FOPaPFacBYart e bR etpe, the
o0 degmmesed. &Y, h@hgb ve_descri bed appropriate
epi taxia f grom% % g “the resulting Si being grown

on. I TeslerEicaly ermbe gy Toicu g
substrate 2, the buffer layer 3 through the n*-Gahs
layer (emitter cap layerj 8 are successively formed by
lamination in an appropriate epitaxial growth furnace
by an appropriate epitaxial growth method such as the
MOVPE method, the MBE method or the like to form the
GaAs single crystal 10, and subsequently a Si raw
material such as silane (8iH;) or disilane (Si,Hg) is
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 Si-layer 11. Here,
the Si-layer 11 is preferably formed as a single
crystal layer that is epitaxially grown on the n'-GalAs
layer 8, a GaAs crystal. However, the Si-layer 11 is
net limited to be formed as a single crystal layer, but

may be formed in a polycrystalline or amorphous form.

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



crystal layer that is epitaxially grown on the n+GAs

25 layer 8, a GaAs crystal. However, the Si-layer 11

is not limted to be forned as a single crystal

| ayer, but rmay be fornmed in a polycrystalline or

amor phous form Here, the Siyjayer 11 is preferably

n-type 11 doped with As, P or the like in order to
MekEpkhey OPA £, CONBRCEHRN 1ML 18f IR V& ihke the ohmic
consideration of the Ferm Tevel that is fixed near

t heostisEacendabeet o rlrevel veVbreovns i3 i-diaysr e
desirably, but not 5 critically, has a thickness in

t hee frangBeFE DM BEY EL 8l £1keAS n@AES ithesUrF a5eY efetlect
hundreds angstrons. For simlar reasons, it is
debevabl e Mbasotbe, ntaAsilayger 81beiesibjsated dia triwe:
n-type doping. Although there is a little difference

SofctheicdDlenengy hevblicahesbe iandhef rancgendiretr ;geveral
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band between GaAs and Si, the difference is so snal
t heang heng $tners ohor esiverancbunhieedsf acgs thwmwde For
negligibly small by perform ng n-type doping of the
SiS1myERr 1neagp@st het nicaBesiapbleg thatdéder inbedars layer
above. The n-type 15 doping can be performed for the
N+ FUREPCBEAntCt RBS BrfVRfefoPingsing a suitable
nmeans for eqég | ayer. . However, w.thout perform ng an
i ntenti onal ’b%l%é?h FIERS! 18i R %Fﬁgebﬁllﬁéﬁtrieﬁ‘&e of the
bet n the ntGAs, | ayer .8 .and_the Si-layer 11, when
oY e B e b8 ha "aR SocbeuRraskt Bhapepet hetn
aldons e amount, Oé%]ﬁfé?k@ﬂc&" &E 8o %MB&'l%ﬁ%%. the
concentration I n eac ayér to be achieved. i NCe the
Siydreron Ir o5 Ba YL Yt 8L ABLE can be made negligibly
small by performing n-type doping of the Si-layer 11
and the n’-GaAs layer 8 as described above. The n-type
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 intenticnal doping,
mutual diffusion by heating between the n'-GaAs layer 8
and the Si-layer 11, when the Si-layer 11 is formed on
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
cennection can be achieved between the Si-layer 11 and
the electrode 12 by using aluminum that is a metal
having a suitable electron affinity, in the manner

similar to the $Si semiconductor technology. As a

result, the GaAs single crystal 10 can be electrically



surface and a small surface |evel, a good ohmc
connection can be achi eved between the Si-layer 11 and
25 the electrode 12 by using alum numthat is a netal
having a suitable electron affinity, in the manner
simlar to the Si seniconduc% r technol ogy. As a
result, the GaAs single crystal 10 can be electrically

12coﬁﬁ€6%%HeQOt%x%é&%%ﬂﬁhé#%@égﬁiﬁfHdﬁﬂﬂkﬂé“%lectrode 12
el ectrode 12 to achieve a good ohm c connection of

t heobathiethe aC@BbUgbHatiicoR Rint 1A tdertiel agdfpde
was described in the above descri bed enbodi nent, but

a good 5 ohrhe ebectkedatGam ke pIrOEMiact & 6 1@64 Yohd was
the cases of a base electrode to a base |layer and a

colitectdbedeli acthedabberea dedldraticer dryeiimdviy eaver ,a good

the sem conductor device according to the present
Sinvlemiconlecsrnde kim bedprroviBEdedindds r butirastlee cases

matter of 10 course, it may be widely applied to

| i ght achisei agectirode deviecbsseHEMYedevncks: arml detor

i ke. The above descri bed enbodi nent described the

ca%%eFﬁrﬁﬁ?cﬁotﬁeCPﬂﬂevteﬁo&QY@éhpo@Kﬁ*E%ﬁﬁboﬁdU%tor

single crystal epitaxial layer is n-type doped and the

15° %aPnéP@EPFoaéwget ﬁéCSHﬁlélgelt@ctry“@d Hegrent invention

electro hand, th present i nventio
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ect can obt al ne
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 chmic
connection between a Si-layer and an electrode by

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



| NDUSTRI AL APPLI CABI LI TY According to the present
invention, it is 25 possible to effectively prevent
an unnecessary potential barrier to be formed and to
forma good ohmic connection between a Si-Ilayer and
an electrode by formng a Siglayer on a lll-V group
conpound 13 sem conductor single crystal epitaxial

| ay¥ehs lithq i d Sidy 1 effigieptly
i Rt e A T e S L
sepbsanAuCtQr i g ?QJS%ibqre\/sctoalemctieeﬁﬁyafl&@vwﬁsent
through the electrode. 14 CLAIMS A sen conductor
degkeRedal BEeA TIITHN @HoRigP ¢ & eI GONEIES O single
single crystal conprising: a doped I11-V group
coopospdisentcerdeethanl dehigles atwshath eftid axiédtrode.
| ayer; a Si-layer fornmed on said Ill-V group conpound
sem conductor single crystal epitaxial |layer; and a
netal electrode fornmed on said Si-layer as an ohmc
el ectrode. 2. The sem conductor device according to
claim 1, wherein said Ill-V group conpound

sem conductor single crystal epitaxial layer is
n-type doped, and said netal electrode is an ohmc

el ectrode for electrons. 3. The sem conductor device
according to claim



1, wherein said Ill-V group conmpound sem conduct or
single crystal epitaxial layer is p-type doped, and
said nmetal electrode is an ohm c el ectrode for hol es.
4. The sem conductor device according to any one of
claims 1 to 3, wherein said i%l-v group conpound

sem conductor single crystal™fs a single crystal
conposed of any one sel ectgdyfyem the group consisting
of GaAs, InGaAs and InP. 5. e sen1conductor devi ce

acgordlng { 0328¥MPRBn e tIRIdHE; ik-d i hinghie #ﬁ E%fbup
a Iy g

Si-layer is a single crystal layer epitaxi

oncsmp&uhdl| s¥mYEBHBUCEOH QYR 128 HGRAUC QI
cryi?%l epltaﬁlal Igﬁer 15@Q% Theé senlconéﬁétor

devi ce accordi Agpta ANy -UNQroio ordgBunk tsbnfh coMaiel dr
said Si-layer is fornmed on said IIIl-V group conpound

sesic@haluctpstsingpetakyatiall ayepi;t axi al | ayer as a
polycrystalline | ayer or an anorphous |ayer. 7. The

sem conduct oa #evilegeaccordienly otno saiyl dTg-Vofgredgd ns 1
to 6, wherein said netal electrode conprises

al eenprwnd gsemi pentodtbor spngdecicnysd atlhieppifiaxhal layer;
crystal wafer for a Ill-V group conpound

seti®onduct or device, conprising the steps of:

| am nating required conpound sem conductor _  thin film

crystal Iaye?sm%ﬁaé §éﬁFE6ﬁ9@cF8Fm§9b§Pr§@é By -layer as
oG taé*%{%‘h% P TraRe orystal: ang o F CoTPOn
The semiconductor device according to claim

1, wherein said III-V group compound semiconductor
single crystal epitaxial layer is n-type doped, and
said metal electrode is an ohmic electrode for
electrons.
3. The semiéonductor device according to claim
1, wherein said 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 one
of claims 1 to 3, wherein said III-V 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 one
of claims 1 to 4, wherein said Si-layer is a single
crystal layer epitaxially grown on said III-V group

compound semiconductor single crystal epitaxial layer.



formng a Si-layer on said IIl1-V group conpound

sem conduct or single crystal by epitaxial growh,
wherein said steps are perfornmed in a sanme epitaxial
growm h furnace. 9. The nethod according to claim8
wherein said epitaxial gromig Is perfornmed by a netal
organi ¢ vapor phase epitaxy nethod (MOWPE net hod) or

a gol ecul ar @ﬁ@”@e%ﬁkk%ﬁﬁdﬁgﬂ“5é4ﬂ%azég%5¥§9ng]£B %ﬁg one

met hod according to claim8, wherein said [1=V gr

CopPOLNg ;B8 CORAUCt @heHNG & LY Hial1d WA i SoASrmed on
single crystal. 11. The nethod according to clalim8,

whes einI116v whelpsadicthpohml@ymicodald®d: aiddid &ifHal
| ayer of said 1I11-V group conpound sem conduct or

siagl eart y3t abyee be & @oNegdtyetsdildnd -layef 415 an
n-type doped with Si. 12. The nethod according to
clamor8howheteyrra thin filmlayer of said conmpound

sem conductor single crystal contains As, and, when

sai d Si-| ayefhesskoimegducsaird dsivilcay excdardi-rtgypee any one
doped with As in a thin film crystal layer of said

1195 \chrond EoRpolndvwhesriisonadct setsilnglleatsadal to

be joined to said Si- layer. 13. The nmethod accordi ng

t CUMT oPRS oR1EMANHE-8 to 12, wherein said Si-Iayer
is,fornmed as_ a sij |.aye

le_crystal r, . .
p&fycrystall%n@ngggrfBF me Hﬁﬁﬁﬁo@st%PEyJF;”‘CryStal

wafer for a III-V group compound semiconductor device,
comprising the steps of: |

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

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

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

11. The method according to claim 8, wherein,



14. A nmethod for producing a sem conductor device
using a I1l-V group conpound sem conduct or single
crystal, conprising the steps of: |anm nating required
conpound sem conductor thin filmcrystal |ayers on a
sem conduct or substrate by ggitaxial gromh to obtain
a lll-V group conpound sem tonductor single crystal;

fOLALAYS2: 8 sha_i‘é&le‘%” 1§15 ol V Broip, Pﬂg?i; r of said

sem conductor single crystal by epitaxia \ _
Wherein §abdpSEERPoANE ReHUIRAIIILA SAHE e e &Rl to be

grow h furnace; and then formng a netal electrode
ac{bge@stansahnal gi-ekeelr ade ror [l dicPed AYEFh Si.

12. The method according to c¢laim 8, wherein a
thin film layer of said compound semiconductor single
crystal contains As, and, when said Si-layer is formed,
salid Si-layer is n-~type doped with As in a thin film
crystal layer of said III-V group compound
semiconductor single crystal to be joined to said Si-
layer.
13. The method according to any one of claims 8
to 12, wherein said Si-layer is formed as a single
crystal layer, a polycrystalline layer or an amorphous
layer.
14. A methed for producing a semiconductor device
using a III-V group compound semiconductor single
crystal, comprising the steps of:

laminating reguired 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 ochmic

electrode on said Si-layer.



