DESCRIPTION Title of Invention Mul ti-layered structure for

fabricating an ohnic el ectrode and ohnic el ectrode Technical Field
:Thisdnvention relates to a nulti-layered structure for fabricating an
ohm c electrode and an ohmc el ectrode suitable for, in particular, 111-V
conpound sem conduct ors. Background Art Decrease in contact
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This invention relates to a multi-layered
structure for fabricating an ohmic electrode and an
ohmic electrode suitable for, in particular, III-V

compound semiconductors.

Background Art

Decrease in contact resistance of ohmic
electrodes and improvement of their thermal stability
are important issues for implementation of high
performance and reliabiiity of devices such as FETs
using compound semiconductors. So far, however, no
satisfactory ohnic electrodes are available for
compound semiconductors, in partieular, GaAs or other-
ITI-V compound semiconductors.

At present, the most frequently used material
of ohmic electrédes for GaAs semiconductors is AuGe/Ni.
The use of AuGe/Ni as the material of ohmic electrodes
makes it possible to fabricate ohmic electrodes in
ohmic contact with_GaAs semiconductors by annealing at
400 to 500°C.

The'most serious problem with the use of

AuGe/Ni as the material of ohmic electrodes is that the



thermal instability of the ohnic electrodes fabricated wth the material.
That is, since AuGe/N contains a great anmount of Au (88% of typically
used~AuGe), Au reacts with GaAs at a tenperature of or above 400[err]C,
and rmakes [err]-AuGa (of a hexagonal close packed (HCP) structure with
mel timng point Tme375[err] C), which causes deterioration of the thermal
stabfTity even though <contributing to a decrease in contact resistance of

the ohmc el sherped. instebddlity of ithe ohrg cdelectsedesodabsi cgdecce
characteristics due_to high tenperature prqcessgf su as _chem cal vapor
deposi tion (CYBER dhecdeddrdrler I&etatliSon Sd%En e SPRHOFe 2

This problemis explained b w b aki a. specjfic nyfact uri ng
process with P&@@?eﬁ@'é"‘_‘l’% OI?I g\.u f%e%‘hftfql%élpﬁcr?&tﬁm gsﬁanéﬁégﬁr ilAEllg process,
an n- type ch . | r ig fir f j bovd RPWeali ng GaAs
substrate 101%5%%5 Somvn@{-'?ln GI%%SS a%A%ﬁhgé%@:}\#eraﬁfgr?%ie%logrﬁ gti on of an

1 Lype T IPul! LAk SR AN AlditortIe b1 GYe paiedl [0 | m 103,
riN er#ﬁ fillm

such as Si[er I's deposited on the entire surface of the

semi -i nsul at i R ‘GRAS kSRR 1 0hg ddntsa,e8vb%e) y wielatyechlye®t ching to
forman opening 103a. After that, a p-type inpurity, Zn, is diffused into

the n-type chimtealidmEonl@X tiveoudlerisd cimliidg thOereno thoalgh a
plerr]-type gate region 104. Next, for exanple, a Ti/Pt/Au filmis
deposi ted on tdeateritiutd rgurticace desreaseatioy icgintamt thes igdaacs edt tdge.

After that, a resi st 2 ) .
ohmic electrode. It results in inviting deterioration

of device characteristics due to high temperature
processes such as chemical vapor deposition (CVD)
executed after formation of the ohmic electrode.

This problem is explained below by taking a
specific JFET manufacturing process with reference to
Fig. 1. That is, in this manufacturing process, an n-
type channel layer 102 is first formed in a semi-
insulating GaAs substrate 101 as shown in Fig. 1A by
selective ion implantation of an n-type impurity and
subsequent annealing. Then, an insulating film 103,
such as SiiNs film, is deposited on the entire surface
of the semi—insulatiﬁg GaAs substrate 101, and
selectively remo&ed by'etching to form an opening 103a.
After that, a p-type impufity, Zn, is diffused into the

' n-type channel layer 102 through the opening 103a to
make a p*-type gate region 104. Next, for example, a
Ti/Pt/Au film is deposited on the entire surface.as a

material for the gate electrode. After that, a resist



pattern (not shown) having a shape corresponding to the gate electrode is
formed on the Ti/Pt/Au film Next, the Ti/Pt/Au filmis patterned by an
ion Willing method wusing the resist pattern as a nask. As a result, the
gate el ectrode 105 is forned as shown in Fig. 1B. Next, after the
insulating film103 is selectively renpved by etching to make openings
103b,” 103c, ohnmic electrodes 106, 107 as the source el ectrode and the
drain el ect rod@atW@@pemQWeﬂ@W@r @4‘5‘5?9 CAtEBRA TN §PORART kRnRE | ayer
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removed by et (g oi&: f@é‘@eoﬂﬁ"wsfééﬁ)@d 44 Obnown highFL@NPEB At Ur e near
400[err]C is applied |n this step of depositing the inter- |ayer

insulating filyesdd0 dfpter QAL NN orht gl £l e10Drid eseldet tewlye
characteristics. To nmake the second-layer wiring, a resist 111, for

exanple, is apghdesd tioy téiecising aoe madoeptpénings eb33bh orledni ahmief the
second-layer wiring. After a material for the second-I|ayer mnrlng i's
appl i ed on theekettredssir fHRe, 1Qheas e@h%tsqllllcqisel%@rﬁ@%e ard gthesul t,

second- | ayer 3 )
drain electrode, respectively, are fabrlcated on the n-
type channel layer 102 accessed through the openings
103b, 103c by using AuGe/Ni as their material. Next,
as shown in Fig. 1C, first-layer wirings 108, 109
respectively coupled to the ohmic electrodes 106, 107
are made. Next, as shown in Fig.'lD, an inter-layer
insulating film 110, such as SisNs film, is deposited
by a CVD method on the entire surface to provide
electrical insulation from second-layer wiripg,
referred to later, and selectively removed by etching
to make openings 110a, 110b. A high temperature near
400°C is applied in this step of depositing the inter--
layer 1nsulat1ng film 110 by a CVD method, and
deteriorates the device characteristics. 'To make the
second-layer wiring, a resist 111, for example, is
applied to the surface except for areas for contacts of
the second-layer wiring. After a material for the
second-layer wiring is applied on the entire surface, .

the resist 111 is removed. As a result, second-layer



wirings 112, 113 are obtained in the formof air bridge wring as shown in
Fi,g. 1E Apart fromthe above-indicated problem the wuse of
AuCGeFN as the material of the ohnmic electrode causes [err]-AuGa produced
by reaction between GaAs and Au. [err]-AuGa coarsens the surface of the
ohm c el ectrode and makes subsequent fine working difficult.

St udi"es have so far been nade on various naterials for ohmic electrodes to

over cone t hese’ipREs ehk2, Thie3 ke QRieadnegpidakhe fF oM 1Pk Itevipoidde of

ohmic contact is to estahlish ohmic coptact by using metal which | owers
the energy barft®er"%t2% c?"me]rrf%eg' h an el ectrode metal and does not

contain a conpound wth, a Iﬁ\é&%ﬁ&ﬁ]&aﬁéﬁ&%g&f@agg?E)%;_:&ll-éAfHGatheas.shown

in Fig. 2 in which E[errﬁa om an energi es ~of the
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el ectrode shown | S obtail ned epltaX|aTIy grow ng an

In[err] Gal err]cdgsdd AS-AQYLpASAudEd | By EF EREL 26E betREeiM ¢dna AV RDer gy
barrier on a GaAs substrate by a netallorganic chem cal vapor deposition

(MOCVD) et hod3-AwGa excdipsens atfite byur pacy i 6f nghanokehbct ¢ Delet nedel ard t he
| ayer. However, the use of an epitaxial growth equi pnent, such as MOCVD
appar at us, to makes thubbsdqueniiureind whnkingl @tffbcelt r educes the process
wi ndow and degrades the nass productivity. There is a report,
directed to solution of Studies have so far been made @Qn various

materials for ohmic electrodes to overcome these

problems. The most ideal approach from the viewpoint

of ohmic contact is to establish ohmic contact by using

metal which lowers the energy barrier at the interface

with an electrode metal and does not contain a compound

with a low melting point, such as B-AuGa, as shown in

Fig. 2 in which E: and Ev are bottom and top energies

of the conduction band, and Er the Fermi energy. This

structure of ohmic electrode shown in Fig. 2 is

obtained by-epitaXially growing an IniGai-sAs layer as

an intermediate layer with a low energy barrier on a

GaAs substrate by a metallorganic chemical vapor

deposition (MOCVD) method, for example, and by

providing an eleétrode metal on the layer. However,

the use of an epitaxial growth equipment, such as MOCVD

apparatus, to make the structure of ohmic electrode

reduces the process window and degrades the mass

productivity.

There is a report, directed to solution of



t hese probl ens, which proposes to make on a GaAs substrate a nulti-I|ayered
structure, such as InAs/W InAs/N/W N/InAs/Ni/W and so forth, by
deposSiting the internediate InAs layer with a | ow energy barrier by a
sputtering nmethod using InAs as the target and by depositing the Wand N
‘films by an el ectron beam evaporation nethod and to apply subsequent
annealing, which is said to result in obtaining an ohm c el ectrode having

a good t her malthesmingaklems, Afpich MERPOHE to Ak G¥D)® C3A%Yy. 3 shows one
ot s SR g i
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Whi ch oan ikt HaTere PLOG LS a iy Blne, B I e g, Moe 't he

ohni c el ectrodg,; Usespltiee Wild Ine b Wikd I deftacttangartald asyits top
| ayer, which permts any kind of netals like Al, Au, and so on, to be

used as the ned@sésdtdig nEtialwiamwd ivh foIms doyeant | @rectoon feeahm ¢
el ectrode without using a barrier nmetal, the design allows a w de choice
in the processevapmrenten Metierd eidsty appby nsubsrbuant |annealing t he
serious problemthat diffusion of a slight amount of In on the Wfilm 203
during anneal iwiyjichli 5% usadtd to result in obtaining an ohmic electrode
‘having a good thermal stability (J. Appl. Phys. 68,
2475(1990)). Fig. 3 shows one of such éxamples in
which the'ohmic electrode is fabricated by depositing
an InAs layer 201 on an n-type GaAs substrate 200 by a
Sputtering method, then depositing a Ni film 202 and a
W film 203 sequentially on the InAs layer 201, and
later annealing the structure.

This method is quite excellent in mass
productivity because of using a sputtering method which
éan make the InAs layer 201 at a high speed. 1In

.~ addition, since the ohmic electrode uses the W film 2Q3
which is a refractory metal as its top layer, which
permits any kind of metals like Al, Au, and so on, to
be used as the ﬁaterial of metallization for connection
to the ohmic electrode without using a barrier metal,.
the design allows a wide choice in the process
sequence. Nevertheless, this method still involves the

serious problem that diffusion of a slight amount of In

on the W film 203 during annealing, disturbs



realization of a sufficiently |ow contact resistance. There is also an
additional problemthat diffusion of In on the Wfilm 203 during annealing
coarsens the surface of the ohnmic electrode and significantly degrades

i ts norphol ogy. In recent years, to solve the problemof the
surface norphol ogy of the ohm c el ectrode, the present Applicant proposed
a nmethod for fabricating an ohmc _electrode in which a multi-layered

structure of Y9pdsiARYARS /AF i STkl 1Y GO QAT R SN
anneal ed (Japgpese Patent Laid Publ i 1,ON [ 4444) - However ,
the ohmic el eﬂl}% For e t%ﬁ%q%%%ta%bolaer%‘?c&b enqjt%%?s% 4ne %nt act
resi stance is . hi S I j t e coyent 4 olats trode
fabricated usiInIb %C@ﬁ\lﬁ?%&f%c& A&?rtslo pro einﬁ]ﬂ%? dlrgsf i%n of

inpurity i's eagy.£0 OGour it Anneadd e Kk oot £1bakeDp of inpurity

i s caused since anneai Ing tenperature necessary to fabricate the ohmc

el ectrode i s 784 eddd< 1105 I ISgyhi ch is high. This will cause a
probl em when a base |ayer of high inmpurity concentration is fornmed in the

narrow area in a bipol arIn tremsitstwsgrd ortexame. the problem @hl ¥heavi ng
existing ohmc electrodes with unsatisfactory property for use on GaAs
senm conduct or ssur face imetplonlady af dire chhkcte beebrofen Praceresery

satisfactory characteristics has been waited for. | , .
6 Applicant proposed a method for fabricating an ohmic

electrode in which a multi-layered structure of
InAs/Ni/WSi/W is formed on a GaAs substrate and then
annealed (Japanese Patent Laid Open Publication No. Hei
7-94444) . However, the ohmic electrode formed by the
method has a problem that the contact resistance is
high as compared with the conventional ohmic electrode
fabricated using AuGe/Ni. There is also a problem that
diffusion of impurity is easy to occur during annealing
and redistribution of impurity is caused since
anneaiing temperature necessary to fabricate the ohmic
electrode is 700°C to 800°C which is high. This will
cause a problem wheﬁ a base layer of high impurity
concentration is formed in the narrow area in a bipolar
transistor, forlexample.

Only having existing ohmic electrédes with
unsatisfactory property for use on GaAs semiconductors,
realization of an ohmic electrodes with practically

satisfactory characteristics has been waited for.



Di scl osure of Invention It is therefore an object of the
invention to provide a nmulti-layered structure with which ohnic

el ectrodes having practically satisfactory characteristics for GaAs

'sem conductors and other I11-V conpound sem conductors can be easily
fabricated, and an ohm c electrode obtained by using it. A
nultl-layered structure for fabricating an ohmic electrode according to
the invention, conprises a non-single crystal sem conductor |ayer and a’
film including at. least a netal nitride filmwhich are sequentially
stacked on a Iqlis-q}%%ﬁ?olﬂfd emtoruct or  body. Further, a

mul-ti-layered structure fabricating an oh e i to
t he inv)e/nti on, conpri seljs tﬁ‘esﬁ"ﬁ%fre g'si" é%tgn?%condéuc]t ig{/ﬂejr&gnd a
filmincludi n%ﬁaogvc?east ful tala Add Sseﬁrﬁé%ody fﬁé%ﬁ&?%ﬁﬁd al'l'y

stacked on a compoun cond energy barrier between

the non- singly ee&r%o% r@%@ieé:@wrsﬁ@sfi@tér mbeing |ower than
tween t

the energy barrier e I'll1-V conmpound sem conductor body and the

film cha At 1V £t 0 £ 0 610 dRa 78¢ CoHsith Fendiic tdies | anvéndtloer 1BI-6bt ai ned
by annealing a multi-layered structure for fabricating an ohm c el ectrode,

conprising a neingouidl esemcigmidictsars comtuse osas byer famdi catedmamt| udi ng
at least a nmetal nitride filmwhich are sequentially
7 an ohmic electrode obtained by using it.

A multi-layered structure for fabricating an
ohmic electrode according to the invention, comprises a
non-single crystal semiconductor layer and a film
including at least a metal nitride film which are
sequentially stacked on a III-V compound semiconductor
body.

Further, a multi-layered structure for
fabricating an ohmic electrode according to the
invention, comprises a non-single crystal semiconductor
layer and a film including at least é metal nitride
film which are sequentially stacked on a III-V compound
seniconductor body, the energy barrier between the non- .
single crystal semiconductor layer and the film being
lower than.the énergy barrier between the III-V
compound semiconductor body and the film.

An ohmic electrode according to the invention
is obtained by annealing a multi-layered structure for
fabricating an ohmic electrode, comprising a non-single

crystal semiconductor layer and a film including at

least a metal nitride film which are sequentially



stacked on a I11-V conpound sem conduct or body. Further, an
ohm c el ectrode according to the invention is an ohm c el ectrode provided
on alll-V conpound sem conductor body which is obtained by annealing a
mul ti-layered structure for fabricating an ohmc el ectrode, conprising a
non-single crystal sem conductor layer and a filmincluding at |east a
metal nitride film enengﬁ]barrier bet ween sai d non-single

t he
crystal seni coWReEe? Py rIThdY <SPPI B HEPRYIREOT ¢ t he energy
barrier between said Il1:V _gconpound sem.conductor bo d idfilm
o he i eention the | 1TIRFREROUS oREIRCOILAEL Mo PR AL XS e Lt ate

or a layer co Lok i d

o)., € e §?§§- |Gadsyrty the 111-V
conmpound sem c%ﬁo&boqyé?sé%@%neln- yp%c,ié t ﬁf%% es, roIri e‘>’<anp_! e, Si,
Ce, Te or Sn aSomp&ieNQT sehiBHAGYtod NSodP R EWPLE | Sy/td Snédippduced into

the 111-V conpound sem conductor body by, for exanple, ion ' nplantation,
| i quid phase efmitexyifdPE)mul®l€riyéFed betrmephiaxfor M r Dta gl dwr gani ¢
vapor phase epitaxy (MOWPE). The non-single crysta

sem conduct or ¢wyic ehawtbeda, noompstihsleg ca yseatsimgbe |ayestal a non-single
crystal In[err]-Ga[err]-[err]As |layer (o<x[err]l). The term"non-single
crystal" her ei $epeeerdpcten L@Y?br@@daﬁlthmoinCiMdi@MO%E heagkial s ot her
than single crystal | . , ' 8
metal nitride film,
tne energy barrier between said non-single
crystal semiconductor layer and said film being lower
than the energy barrier between said III-V compound
semiconductor body and said film.
. In the invention, the III-V compound
semiconductor body may be a substrate or a layer
composéd of, for example, GaAs, AlGaAs or InGaAs. If
the ITII-V compound semiconductor body is of an n-type,
it includes, for example, Si, Ge, Te or Sn as a donor
impurity. The donor impurity is introduced into the
III-V compound semiconductor bddy by, for example, ion
implantation, liquid phase epitaxy (LPE), molecular
beam epitaxy (MBE) or metallorganic vapor phase epitaxy
(MOVEE) . '
The non-single crystal semiconductor layer.
may be a non-single crystal InAs layer or a non-single
crystal InsGai-:As layer (0<x=1). The term "non-single

crystal" herein pertains to polycrystalline or

amorphous materials other than single crystal



materials. The non-single crystal sem conductor |ayer is preferably nade
by.-a sputtering nethod, but may also be nade by another nethod such as a
vacuum evaporation nethod, in particular, an el ectron beam evaporation
met hod. When the non-single crystal sem conductor |ayer is made by a
sputtering nmethod, either a normal sputtering nethod using a single target
of the sane sen1conductor material as that of the non- S|ngle crystal

sem conduct or m%§%¥la%? a theSpeRTetrale FEYABAL uSERyCAnEPE 8F|%9Y8F
S e R A B S LRI i .
film may be 9193'?8dm98é“§g %ﬁgf%%ilm3%ﬁ8 ?ﬁ §§n£C9QgHﬁﬁ°r body and

the non-single crys Sem ¢ |'ayer pur pose, anong ot hers,

of inproving t&gapbfafidy REtidE, ﬂ? §££‘9!:@1§£)’S£ﬁ' eﬁég’cfeﬂdﬂﬁaﬁf layer to
the I'll-V conpound sem conduct or ody. In one typical

enbodi ment of évepdpyensh ofethdde fwh@mmhéhﬁoﬂeglﬁgmelerysyalal
sem conductor |ayer conprises a netal filmand a nmetal nitride film

provi ded on t heemitahd@ctoxr layéhi 5s casée bheanesphttérinygi metked, for the
purpose, among others, of annealing at a |ower tenperature to make an
ohm ¢ el ect r ogletlher ha andomakospuatter by shebbed Théngesasinglertdegéti mis

used for the purpose of preventin el ements constituting the non-single
crystal of the same semiconductgr material as that of the non-

single crystal semiconductor layer, or a co-sputtering
method using a plurality of targets containing
respective elements of the non-~single crystal
semiconductor layer may be employed.

A metal film, such as Ni film, may be
provided between the III-V compound semiconductor body
and the non-single crystal semiconductor layer for the
purpose, among others, of improving the affinity of the
non-single crystal semiconductor layer to the III-V
compound semiconductor body. |

In one typical embodiment of the invention,
the film on the non-single crystal semiconductor layer.
comprises a metal film and a metal nitride film
provided on the ﬁetal film. In this case,lthe metal
film is used for the purpose, among others, of |
annealing at a lower temperature to make an ohmic
electrode with a low contact resistance. The metal
nitride film is used for the purpose of preventing

elements constituting the non-single crystal



seni conduct or | ayer, e.g. In, fromdiffusing toward the electrode surface
during annealing. For one or other reasons, such as reducing the sheet
resi stance of the ohmc electrode or permtting netal wiring to be
connected to the ohmc electrode without the need for a barrier netal,
there is preferably provided on the netal nitride film a refractory
metal film havin 0 sistivity than t r fllm
unlikely to red l%ﬁP%P%ﬁ?%rf%Y Ysed ¥brPV\lr%£§ltn &%fkgglﬁg €¢w€£& tﬂg

N film an Al 1hg 9gLakiphiri dpoti bAE NGy g@h@rvw f|Im
aWiNTfilm a I#éﬁ%?ﬁ?ﬁ$é?§£§épﬁ¥r}ﬁ§ a T?h ?h%n1a %ISIN film a Ti ON

filmand so one J@@ﬁ@ nphah 95tridecihymEngaynbetr eeyskebhtseoff ereexanpl e,
policrystalline ? anorphous The refractory netal filmmy be a Wfilm

a M filma Taoﬁmi61éﬂéc§@0@@ or permittindoméedlceitbrgsbeeberesistance of
the ohmc electrode and to nake possible to use the ohmc electrode al so
for wiring, theometateditom the shmingeletbrodrawptboutinthe hééd) fon Al
alloy (Al-Si, Al-Cu, Al- Si-Cu, and so on) film an Au film an Au/Ti

film and so barmbgrbmeballe therdeiscprafesablyepspvifesy on the The
filme on the non-single crystal sem conductor |ayer, _i.e. the nmetal film
the netal nithebRlfnitridaefitmy et befrastaryipe laﬁal§oh6ﬁlnﬁa? be made

by 2, SPut el ngneLhod o1 8, YASUUIEVERELaLLo,  ELEDY 540 0BL kEthAT

unlikely to react on a material used for wiring. The -
metal film may be a Ni film, én Al film or a Co film.
The metal nitride film may be a WN film, a WSiN film, a
TaN film a TaSIN film, a TiN film a TiSiN film, a TiON
film and so on. These metal nitride films may be
crystalline (for example, policrystalline) or
amorphous. The refractory metal film may be a W film,
a Mo film.a Ta film and so on.

To reduce the sheet resistance of the ohmic
"electrode and'to make possible to use the ohmic
electrode also for wiring, the metal film for wiring,
for example, an Al film, an Al alloy (Al-Si, Al-Cu, Al-
Si-Cu, and so on) film, an Au film, an Au/Ti film, and
so on may be made on the refractory metal film.

The films on the non-single crystal
semiconductor layer, i.e. the metal film, the metal
nitride film, the refractory metal film; and so on, may
be made by a sputtering method or a vacuum evaporation

method, in particular, electron beam evaporation
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met hod. I n case of making these netal film netal nitride film and
refractory netal filmby a sputtering nethod, either a normal sputtering
nmet hod using a single target of the .same nmaterial as that of one of these
films, or a co-sputtering nethod using a plurality of targets containing
respective elenments constituting one of these filnms may be enpl oyed. In

case of making these netal film_netal nitride fil gng refraﬁtory net a
filmby a vachgfhefapordt F8FeneEnBaking £ @Feam§Fﬁg} 1&0apBPEfiton source

conprising the,sa erial as that of on e, f ralit
ofngvaporgtioﬁ}§5358eggégéhaggnﬁFF§Fﬁ§°F¥ég%ggﬁvgqﬁglg&péfgpggggf?b ting d
one of ‘these hhiRd% iRy enorfle phiEREANY AREALI Lisihgay be mde by a
CVvD net hod in sore’'cases. ccording to the invention, an ohmc

el ectrode havighg Mkathirealtd b Sahieskafleoms tegianagkethati 6§ baguored in a
device, such as thermal ~ stability, |ow contact resistance, flatness of the

surface, and $@eeR faamshe orasi lp-isplutiteatied methpdowisdnggat he
mul ti-layered structure for fabricating an ohmic electrode, and then

anneal i ng at @lueedtyt wie taraedisngontainiog] eespectd veoelemepts Furt her,
in this case, since annealing tenperature necessary to _fabricate the

ohni ¢ el ect r odeniss i300{ieyr oDet @ fH0beser [fdlmshimely bs eapleonsdgh, 1Mt is
possi bl e to prevent diffusion_of inpurity during.  anneali, t herefore
to prevent rediese ifufakingt these metalyfidayi m§tadd Meites 0%3 afdeyvent

redistri ion of i rity. - ;
edistribut Oré%rac£g¥§ metal film by a vacuum evaporation method,

either a single evaporation source comprising the same
ﬁaterial as that of one of these films or a plurality
of evaporation sources each comprising respective '
elements constituting one of these films may be used.
The refractory metal film may be made by a CVD method
in some cases.

According to the invention, an ohmic
electrode having practically satisfactory
characteristics required in a device, such as thermal
stability, low contact resistance) flatness of the
surface, and so on, can be easily fabricated by
providing the multi-layered structure for fabricating
an ohmic electroae, and then annealing at a temperature
ranging from 500°C to 600°C. Further, in this case,
since annealing temperature necessary to fabricate the.
ohmic electrode is 500°C to 600°C, which is low-enough,
it is possible to prevent diffusion of impurity during

annealing and therefore to prevent redistribution of
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Brief Description of Draw ngs Figs. 1A to 1E are cross-sectiona
views for explaining problens arising when an existing nethod for
fabrfcating ohm c el ectrodes using AuGe/Ni as the ohmic el ectrode
‘materials is enployed for fabricating ohmic electrodes in a GaAs JFET
fabricating process; Fig. 2 is an energy band diagram of an ideal ohmc
elecfrode; Fig. 3 is a cross-sectional view of a nmulti-layered structure
for fabricati ngnoéalingl aud r doese fawée ngo aprevens/ Kedissribetiee a8ed in the
existing ohmc electrode fabricating nethod; Figs. 4A to 4D are cross-
sectional viewsmP@¥ri€¥plaining a method for fabricating an ohnic electrode
according to a first enbodi nent of the invention; Fig. 5 is a graph
showi ng changes in contact resistance with annealing tenperatures obtained

by neasurenent_on ?hgic elegtrodeé ﬁabr&gaged by the fabricating nmethod
according to tRETFTrLESEhtBEI AR PFPYI"85is an optical nicrograph of an

ohm c el ectrode fabriCa&ggﬁpylﬁn§én9Eaag?l§58%§¥§f%g%§%5%c%yéﬁsfQbr

fabricating ohmc electro , anneal 1'ng err second and then

anneal ing at 4 18041 $ri8ihhewnbabrhcakiBeingt Redhaaceedi ng to
the first enboggégéghg?go%ﬁégi%@entfcn} ig. 71s a grapﬁgshomjng_therwm

Stabi|ity_ObtaEQBQiEMtﬂﬁ%séhﬁﬂénéléetﬁbﬂbg gkeayr ndee/Ni as the ohmic

12 fabricated by the fabricating nethod according to the first

embodi ment of thectpwastiaberFalls 8si employedsfor fabricating ohmic
electrodes in a GaAs JFET fabricating process; Fig. 2
is an energy band diagram of an ideal ochmic electrode;
Fig. 3 is.a cross-sectional view of a multi-layered
structure for fabriéating ohmic electrodes having an
InAs/Ni/W structure used in the existing ohmic
electrode fabricating method; Figs. 4A to 4D are cross-
sectional views for explaining a method for fabricating
an ohmic electrode according to a first embodiment of
the invention; Fig. 5 is a graph showing changes in

_contact resistance with annealing temperatures obtained
by measurement on ohmic electrodes fabricated by the
fabricating method according to the first embodiment;
Fig. 6 is an optical micrograph of an ohmic electrode
fabricated by méking a multi-layered structure for
fabricating ohmic electrodes, annealing at 500°C for 1
. second and then annealing at 400°C for 10 hours in the

fabricating method according to the first embodiment of

the invention; Fig. 7 is a graph showing thermal

stability obtained by measurement on ohmic electrodes
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sectional view of a nulti-layered structure for fabricating ohmc

el ectrodes used in a nethod for fabricating ohmc electrodes according to
a second enbodinent of the invention; Fig. 9 is a cross- sectional view
of a multi-layered structure for fabricating ohmc electrodes used in a
met hod for fabricating ohmc electrodes according to a third enbodinent

f the i tion; d_FLgs. J10A 10D - ti | vj f
1 ayer od SOPUTTREI oY CRabTTREIFAGLBAnRE CBPRcEPORBA I oo | TRS. ot ho
f fabricati i d i I th . j t of th
ivention. - BEEfE RS ERAC L, EECLEVRRLI 00 FRYT B 18TROCLIRAL Of The
Enbodi ment s ofcddei deneiaR Sk |1 AEYEDELageseal BeRLBELReT gber ence Lo the

drawings. In all of the draw ngs, common or equivalent elenments are.

| abel | ed with €450 £ A SREC NOIBEBESdes used in aFh8thddShews a process
sequence for manufacturing an ohm c el ectrode according to a first

enbodi nent of fdilericeieivig oshmic electrodés &beotdiny eobadseeshd first, as
shown in Fig. 4A, a photo resist is applied on an n[err]-type GaAs
substrate 1, mrbedirephitetrike byvenphonpl FigogPaphya aressd to nake a
resist pattern 2 haviqg an opening in the area for the ohmc electrodes to
be made. The sectional view of a multi-laygred structwrekfets of the-

resi st pattern is chosen to be _sufficiently |arger than_the total

t hi ckness of a HILCALInG h}GfLeCERPdes | eafer+1 AR PAROASION; film 4, W

films5 fabricating ohmic electrodes according to a third

embodiment of the invention; and Figs. 10A to 10D are
cross-sectional views of a multi-layered structure for
fabricating ohmic electrodes used in a method for
fabricating ohmic electrodes according to a fourth

embodiment of the invention.

Best Mode for Carrying Out the Invention

Embodiments of the invention will now be
described with reference to the drawings. 1In all of
the drawings, common or'equivalent elements are
labelled with common reference numerals.

Fig. 4 shows a process sequence for
manufacturing aﬂ ohmic electrode according to a first
embodiment of the invention.

In the first embodiment, first, as shown in
Fig. 4A, a photo resist is applied on an n*-type GaAs
substrate 1, and then patterned by a photolithography
method to make a resist pattern 2 having an opening in

the area for the ohmic electrodes to be made. The
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and Wfilm®6 which are described later. - Exposure in the photolithography
may use an optical exposure apparatus such as reduced projection exposure
appafatus (so-called "stepper"). The resist pattern 2 may al so be nade by
‘using an el ectron beamresist and an electron beamlithography nethod.
Next, as showthimMriegs 4% thenaessistglpatterystalisl mhesehGijoee] As | ayer 3

i s déposited on the entire surface by a sputtering nethod using, for

exanpl e, | n[ suffdaiantles lardare thatydihy fartadk S kneassy md rrofon-
sputtering method), and a N film4, WN.film5 and W .film§g are
sequential |y JEpuEia &F Bt ahe e ebSulPAEE gbyg}lf fﬁl’@xﬁﬁpﬁg, félE‘th tering

met hod or an ele on ., beam.evaporati pn nethod. a t | met hod
such as nagn@lnrcgﬁfi s’%ulr“l eq?i%%gt%% (fessq}:sléade ola\r[r%e}g' tk%&)hbo%ll&ré sq?lngl e
crystal Inf[err [ ] AS: r ' h | ki ng chamber
to the base prt]énsc,é";1 ﬁ{e&]o é&?ﬁ%’"ﬁ%%ﬁ@ \ﬁsiéi(a){‘graﬁﬂ%él %rx%dags}mue{omto t he

pressure of aa‘iﬁfa@‘dﬂ@é edicr XD EIddcd prfo] it i G dsutd apadmis  and

DC- di schar ged ower consuned for the discharge is, for exanple, 150 W
The film maki ngsd-etgiered Urerepiser'fiof exeamtesigtopatmmeramae.alie film
maki ng speed I1s, for exanple, 7 nmmnute. Wien the WWfilm5 is nade by
a sputtering s hetie Unh wsimpoitetelosct sputiesm nesistthehd &t er evacuati ng
the fil m maki ng 14 chanber to the
base pressure alfecdwi®] dredm Pai tigraphyipnetthodhe pressure of approxi mately

3x10[err] Pa is introduced ) , .
Next, as shown in Fig. 4B, a non-single

crystal Ino.7Gaoc.3sAs layer 3 is deposited on the entire
surface by a sputtering method using, for example,
Ino.7Gao.3As as the target (for example, magnetron
sputtering method), and a Ni film 4, WN film 5 and W
film 6 are sequentially deposited on the entire surface
by, for example, a sputtering method or an electron
beam evaporation method. When a sputtering method such
as magnetron sputtering method is used to make the non-
single crystal Ino.7Gao.3sAs layer 3, after evacuating the
film making chamber to the base pressure of
approximately 2x107° Pa, Ar gas up to the pressure of
approximatély 3x107? Pa.is introduced to the chamber
and DC—dischargéd. Power consumed for the discharge
is, for example, 150 W. The film making temperature
is, for example, room temperature. The film making
speed is, for example, 7 nm/minute. When the WN film 5
is made by a sputtering method such as magnetron

sputtering method, after evacuating the film making
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to the chanber and DC-di scharged. Power consuned for the discharge is, for
exanmpl e, 150 W The filmmaking tenperature is, for exanple, room
tenpérature. Mxed gas conbining N2 gas and Ar gas may be used in |lieu of
‘N2 gas. The sputtering nethod shown above is a so- called DC sputtering
met hod. A RF sputtering nmethod may be used in lieu of the DC sputtering
met hod. The n[err]-type GaAs substrate 1 now having on it the
non-si ngl e crycshamben[eo rilGa[kasq pressere L Nexi01°nPa, NWgEs (up Sfand W
film6 is imersed in ofganic solvent, such_ as acetone, to solubly renove

the resist pat§le Prossyes @l rRYMH M hyn3%] figl Baci§sigfroduced
Inf[err]Ga[err]As layer 3, Ni filmi4,, filmb5b d Wfilm6 on the 'resist
pagterL 2[to L@orEm%zéQﬁé%ﬁﬁn .DQEﬁ%ggE%{ﬁgg' :£°§%5mﬂ°?§P$$%.£af; only
sel ective part

f th - s : j
filma4, W fi |?ﬁ9 é_‘a?em%ﬂ.]%’vn‘-?‘ﬂfﬁ"g ﬁ?ewr tC?rn gﬁé?e%'l cr:]{ofé re‘]s’ggﬁﬁ%ﬁ%f’?%‘hfﬁi%‘g%n!“hg

of the resist paplers ord &g nfoPrbié}ﬁpféerfclélﬁyﬁénzg@féTu§§pStﬁﬂ§dl-

The n[err]-type GaAs substrate 1 having these non-single crystal
Inferr]Ga[err]4gs| 8¥MbidindViNg iga® 4ndMr ddsmaamé Wddd mrb.lilew.off he
multi-layered Structure for fabricating the ohmc electrode, is then
anneal ed, forngxa®l e Thiy sBlA terapigd ridteiomIshvwealbov® i abwo-using a
typical electric furnace at 500[err]C to 600[err]C for

15 acahbed DC nspuEtgrimmeanstoodd td REvspattering esetidad

at nosphere used for the annealing nmay be conposed of N2 gas with or.

wi t hout an addray dpelusedl in ahirintobithe DC sputtering method.

The n*vtype GaAs substrate 1 now having on it

the non-single crystal Ino.7Gao.3As layer 3, Ni film 4,
WN-film 5 and W film 6 is immersed in organic solvent,
such as acetone, to solubly remove the resist pattern
2, hence causing the non-single crystal Ino.7Gaoc.3As
layer 3, Ni film 4, WN film 5 and W film 6 on the
resist pattern 2 to be removed together. As a result,
as shown in Fig. 4C, only selective part of the non-
single crystal Ino.7Gac.3As iayer 3, Ni film 4, WN film 5
and W film 6 in the area corresponding to'fhe‘opening
of the resist pattern 2 remains on the n'-type GaAs
substrate 1.

The nf;type GaAs substrate 1 having these
non-single crystal Ino.7Gao.;As layer 3, Ni film 4, WN
film 5 and W film 6, i.e. the multi-layered structure
for fabricating the ohmic electrode, is then annealed,_
for example, by RTA (rapid thermal annealing) or by

using a typical electric furnace at 500°C to 600°C for
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gas. As a result of the annealing, the ohmc electrode 7 as shown in Fig.
4D.1 s obt ai ned. Fig. 5 shows a result of neasurenent on the
ohm ¢ el ectrode 7 made by the nethod according to the first enbodi nent of
the invention to know the dependency of its contact resistance upon the
annealing tenperature. Sanples were prepared by fixing the thicknesses of
the non-single crystal In[err]G[err]As | ayer ilm35 and W@iiln16 to
14 nm 25 nm ehFHFhkingededt iRF SRR t%h%%@?t@itrﬁjemﬁ‘ﬁ%kne of the

Ni fil 4 to th ) | d h

e: ect Ir o?es bs aat?’f'l’"%sé?r s b evequﬁe%ngors %%aaré?eggl??l é«;}z]tb?ngorgé %@&Pr a(rjlglmng
f 450 Ct d d f
the ™ aonesl | ndd m%s&%{ oL iR L T Comd T 2 W@Eﬁf Hne -
Substr ates 1 ysedl Weke DrARALED by 490 ahibhEoAg] | Ofel SKL L IOMIcoradaI ed

sem -insulating GaAs substrates to change themto an n-type wth the

i mpurity concentiatdwwof i xd§ erd4p cid esptaiMeasurenent of contact
resi stances was conducted by M (transm ssion line nethod). Fig. 5

descri bes that the contagig. ressisdwsce restbiest measlheemeﬁm’emliln@le
tenperature of 550[err]C and that a significantly | ow contact resistance
as low as 0.2 kaxqrnﬂeeﬂmmdalﬁﬁm@dq by atheéemebbad negcording to the

16 Fig. 6 is an optical micrograph of the surface of
an ohnic el ect¥iget Elmlmn%tﬁﬁkt% baventioneke ) kDeypkb®aAs substrate 1

a non-single crystal
dépendency of its contact resistance upon the anneallng

temperature. Samples were prepared by fixing the
thicknesses of the non—sinéle crystal Inc.7Gac.3As layer
3, WN film 5 and W film 6 to 14 nm, 25 nm and 50 nm,
respectively, while changing the thickness of the Ni
film 4 to three levels of 9 nm, 10 nm and 11 nm, and by
making ohmic electrodes by annealing for one second at
diffefent temperatures ranging from 450°C to 655°C,
using a RTA method. The atmosphere used for the
annaaling was N2 gas added with 5% of Hz gas. n'-type
GaAs substrates 1 used were prepared by ion
implantation into (100)—oriented semi-insulating GaAs
substrates to change them to an n-type with the
impurity concentration of 2x10%¥cm™3. Measurement of
contact resistances was conducted by TIM (transmission
line method). Fig. 5 describes that the contact
resistance is lowest at the annealing temperature of
550°C and that a significantly low contact resistance

‘as low as 0.2 Qmm, approximately, can be obtained.
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Inferr]Ga[err]As layer 3, N film4, WNfilm5 and Wfilm6 to make a
multi-layered ohmc electrode structure, then annealing the structure for
one Second at 550[err]C by RTA to nmke the ohmic electrode, and further
annealing it for 10 hours at 400[err]C. Thicknesses of the non-single
crystal Ino.7Go.3As layer 3, N film4, W film5 and W film6 were 14
nm 20 nm 25 nmand 25 nm respec- tively. Fig. 6 descrjbes that the
ohmic el ectrode 7 afterFithe @rifedn mpHisial mimnaraph A0[E8] C exhibits
an excellent surface nprphol ogy and an exceLIen herqgl stabil%%¥. The
reason of the SJHFRGRHIPhFAORPHE tHACTHIUE ek GLAHERN T 13 5 i n
the multi-Iayere structure. for fabricating the.ohm |.ectrode prevents
di spersi on ofr1ﬁ%VP8n9?%§ ﬁ89§gfﬁgﬁe&cFyEPQFSFHF%Fr?&gfgﬁﬁ]As | ayer 3
toward the surface of .the_electro ing t eal Lng. : '
Changes wi th f%ﬁ%ﬁ% J@%eﬁgﬁégc%élggt?ggg gf ﬁ?.giﬂﬁhg ? grﬁafléﬁagility of
the ohm c el eqly qdad a M1~ 1 ife ANGHATY ¥ cthOdOWEnat )] endiC af ter
formation, were also neasured. Its result was as shown in Fig. 7. :

Thi cknesses ofardie Nty simg| st@ivsird £dm[cd |dedarid |As 350/€r by, RYA film 4,
W film5 and Wfilm6é were 25 nm 10 nm 25 nmand 50 nm respectively.
Fig. 7 also stwwskd orhd hehmtionpsléstrodey pose, fumtchdt sargfealing it

17 measured thermal stabilities of an ohnmic electrode nmade by
using a mul ti-fayer®hotrsicaturdOd 6. f dhdickacissgst o€ thienineneisdeidlede with
no WN filmincluded, nore specifically, conprising a 15nmthick Ni_ film
and a crystal Ino.7Gac.;As layer 3, Ni film 4, WN film 5 and W

film 6 were 14 nm, 20 nm, 25 nm and 25 nm, respec-
tively. Fig. 6 describes that the ohmic electrode 7
after the annealing for 10 hours at 400°C exhibits an
excellent surface morphology and an excellent thermal
stability. The reason of the good morphology is that
the existence of the WN film 5 in the multi-layered
structure for fabriéating the ohmic electrbde prevents
dispersion of In from the non-single crystal Inc.7Gac.3As
layer 3 toward the surface of the electrode during the
annealing.
Changes with time of the ohmic electrode 7,
i.e. the thermal stability of the ohmic electrode 7,
after the anneaiing for 10 hours at 400°C after
formation, were also measured. Its result was as shown
~in Fig. 7. Thicknesses of the non-single crystal
Ino.7Gac.sAs layer 3, Ni film 4, WN film 5 and W film 6
were 25 nm, 10 nm, 25 nm and 50 nm, respectively. Fig.

7 also shows, for the comparison purpose, results of
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50nmthick Wfilmstacked on a 25nmt hi ck non-single crystal
Inferr]G[err] As | ayer, and an ohm c el ectrode made by using a
mul ti*-1 ayered structure for fabricating the ohmic electrode with a

15nmt hi ck Ni

non-single crystal [InAs |ayer.
contact resistance

filmand a 50nm thick Wfilm stacked on a 23nmt hick
Fig. 7 describes that the

of the ohm c el ectrode nade by using the nulti-Iayered

structure for napshcadi hgerhelobhdbidibtesodé ant hhnhe elsahrodeckate film
and the 50nmthick Wfilmstacked on the 25nmthi ck non-single crystal
In[err] Ga[ err | R¥ vayBe astatii-ia¥eradi Ajruatyre Redr fabrisakingr thee

annealing 1is s

arted, The Qhm ¢ el ectrode, pade b sing the multi-Ilayered
SHBi £ oSLPRBLORE Bhi RO oE ble AFLHIRRE B8R ¢ i ck N 111 m

structure for
and the 50nm

s 1 ayer i FRACRELeRLbR: SHEBEER SR, & FabRoPhick Sychtap, dfbTs Nolrs”

followi ng the ghanltRickthe

appeat i DPeqWBhCh PBARStA: 8ROALDEL

stability; however, the yafue o$£%ﬁe contact resistance I's ar§§%8 .
[err] mm whi ch &syBsehlsuhf iGaLntd nalmd driy E@tdasic eldteHE mfdect rode 7
made

according to the first enbodi nent

by using the multi-Iayered

45

structure for by using a multi-layered strudBure for fabtabateagi shet he
ohm c electrode including the WN film maintains a constant contact
resi stance eveohmiteeléOtrbderwitil &owbmy-thecktHit fblmt Ardaané&ahmnAg,
means a good thermal stability, and the value of the contact

thick W film stacked on a 23nm-thick non-single crystal
InAs layer. |
Fig. 7 describes that the contact resistance
of the ohmic electrode made by using the multi-layered
structure for fabricating the ohmic electrode with the
15nm-thick Ni film and the 50nm-thick W film stacked on
the 25nm-thick non-single crystal Inoc.7Gaoc.3As layer
starts increasing in one hour or so after the annealing
is started. The ohmic electrode made by using the
multi-layered structure for fabricating the ohmic
electrode with the 15nm-thick Ni film and the 50nm-
thick W film stacked on the 23nm-thick non-single
crystal InAs layer maintains a constant contact
resistance even.after 10 hours following the start of
the annealing, which means a good thermal stability:
however, the value of the contact resistance is around
0.45 Qmm which is not sufficiently low. In contrast,
the ohmic electrode 7 according to the first embodiment

made by using the multi-layered structure for

18
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resistance is as lowas 0.2 [err]mMm Reasons of the good thermal stability
are the fact that the ohmc electrode 7 does not include conpounds with

| ow hel ting points, such as [err]-AuG, which are contained in the ohmc
el ectrode nade by using AuGe/N and the fact that the WN film5 prevents
-di spersion of In fromthe non-single crystal In[ferr]G[err]As |ayer 3
towald the surface of the electrode. ~In_summary, the first
embodi ment carfahidecatiingHite Aieks robrctrege inelitd g aete Bt Stlhce, | ow
film resistance, plane surface or good surface m)rghol og¥, ;and od

thermal st abi MaiNLIANT § FORFERNG (fPRREher SHEETIRCE yPE teubstrate 1
th - Si | t al | Ga 3. N, fil . i 5 d
Wrilms o mathe SR e Satbiet e gt the gl igads® "

| ectrode, dth i i , 0 C
Co 600 er 1] C By SR AMERAL S dpl PLedl a8 S val 86 SRR Coodace L an
energy band struclune. £lose,d o dhead dead SRR IYROAENS! 6 HCENE EgosdOWN i N

Fig. 2. The ohmc electrode 7 permits direct connection of nmetal wring
wi thout using ghddfdl estahel Bty beeausige | tatBicthgdestié wolihia édlghtredée i ng

point on its top surface. The non-single crystal In[err]Ga[err]As
19 | Bydde 8 s dinol udk ecdmsomds cwiteclowdee Yt ing npelenby, a
sputtering method with a high film making speed, which results in a high
productivity cfuclheohiriuehecvhbdesard. chtabheficinl beereo®iq exhibits a
| ow contact resistance equivalent to those of conventional ohmc
electrode made by using AuGe/Ni and the fact that the
WN film 5 prevents dispersion of In from the non-single
crystal-IngnGaoJAs layer 3 toward the surface of the
electrode.

In summary, the first embodiment can make an
ohmic electrode 7 with low contact resistance, low film
resistance, plane surface or good surface morphology,
and good thermal stability, by first stacking on the
n*-type GaAs substrate 1 the non-single crystal
Ino.:Gao.sAs layer 3, Ni film 4, WN film 5 and W film 6
to form a multi-layered structure for fabricating an
ohmic electrode, and then annealing it for one second,
for example, at 500°C to 600°C by a RTA method, for
example. The oﬂmic electrode 7 has an energy band
structure close to the ideal energy band structure
shown in Fig. 2. The ohmic electrode 7 permits direct
connection of metal wiring without using a barrier

metal because it includes W with a high melting point

on its top surface. The non-single crystal Ino.7Gac.:As
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el ectrodes made by using AuGe/ N, and does not deteriorate characteristics
of .a sem conductor device wusing the ohmc electrode 7. Since the annealing
tenpérature required for fabricating the ohmic electrode 7 is as |ow as
500[err]C to 600[err]C, undesired dispersion of inpurities and
re-distribution of inpurities during the annealing can be prevented
effectively. Next explained is a second enbodi nent of the

i nventi on. layer 3 ygrd sk drrkentrli oiinic BRERCEPRAR tT -15yR3dR P¥t3 uct ure
il 1 -y or ed SRYTCEUES (E EA0% o7 GarR L dnct DH BB PERRAL U Th 1 he
(Lot Tt o0k, s shots Al Seodior Thecyul i Leh@igeed, slsaciyng, o
structure of Fg. ﬂl'ge'&mié‘aé%%ﬁré@é 1108 ﬁéi@&ta'wuéticﬁ%ﬁ Wfilm®6. The

ot her aspects of t second e Inment 1s the sane as I rst

enbodi ment.  resistancdl &QuivE1SPENY DO FBNEonPESEi dia POSIEhIEE O

produce ohm c el ectrodes with good characteristics

20 , a8l édioseded e fby Sis B TGS/ W ditd addegmotpr oducti vity.

Next explained is a third enbodi nent of the invention. The

third embodi neddteshbsratenthardayerestics of a semiconductor device
uSing the ohmic electrode 7. Since the annealing
temperature required for fabricating the ohmic
eléctrode 7 is as low as 500°C ﬁo 600°C, undesired
dispersion of impurities and re-distribution of
impurities during the annealing can be prevented
effeétively.

Next explained is a second embodiment of the
invention.

The second embodiment uses a multi-layered
structure for fabricating the ohmic electrode as shown
in Fig. 8 in lieu of the multi-layered structure for
fabricating the ohmic electrode used in the first
embodiment as shown in Fig. 4C. The multi-layered
structure for fabricating the ohmic electrode shown in
Fig. 8 is differént from the structure of Fig. 4C in
that the former does not include the W film 6. The
other aspects of the second embodiment is the same as

~ the first embodiment.

Also the second embodiment makes it possible

to produce ohmic electrodes with good characteristics
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structure for fabricating the ohmc electrode as shown in Fig. 9 in lieu
of .the nulti-layered structure for fabricating the ohmc electrode used in
the Tirst enbodinent as shown in Fig. 4C. The nmulti-layered structure for
fabricating the ohmc electrode shown in Fig. 9 is different fromthe
structure of Fig. 1Cin that the fornmer uses an additional Al film8 on

the W filmé. The third enbodinent nekes_the film8 on the
Wfilme, for @kahpPee of 5h§pt%¥§$i?é$§gfﬂﬁﬂ ongﬁ aeﬁég ron beam

evaporation ne he Wfilm®6 and other filns are deposited in the
same manner asﬁgﬁgﬂgéiﬁ%t#ig. 4B. After that, by liftoff in the sane manner

as described with the figst,eopodi{ROL, 18 JUthirdayRb8dimEht UsEUERT OF _
fabricating an ohm c electrode conprising the In[err]G[err]As |ayer .3, N

film4, WNfilhdenWbhlm6 and Al film8 is nade on the ohm c el ectrode
maki.ng portion and on the nferr]-type GaAs substrate 1. In this case,
for easier liftoff, the Tkeishipatémbodisentfosestaemhitioléyemngdbe nade in
two layers. If the resist pattern is a positive type resist, for exanple,

t he underlyi ngtrestsrepforefabnbgabingatiee obhmigpesectrode as shown

21 phot osensitive_resist. . According to the third
enbodi nent, thén Epger Aosk hiewi o BhofmuhbinipyeredysEEHCEREGcERFe for

fabricating the ohmic el ectrode contrjbutes to reducin t he sheet
resistance of tRBTORATENE| BRErolRLe ﬁﬁﬁ%t59deu§Fﬁg %ﬂegHﬁI?FFF yer ed

structure for L%ggagﬁgﬁggaghghown in Fig. 4C. The multi-layered

structure for fabricatihg the ohmic electrode shown in
Fig. 9 is different from the structure of Fig. 1C in
that the former uses an additional Al film 8 on the W
film 6.

_ The third embodiment makes the Al film 8 on
the W film 6, for example, by a sputtering method or an
electron beam evaporation method after the W filh 6 and
other films are deposited in the same manner as shown
in Fig. 4B. Affer that, by liftoff in the same manner
as described with the first embodiment, a multi-layered
structure for fabricating an ohmic electrode Comprising
the Ino.7Gac.3As layer 3, Ni film 4, WN film 5, W film 6
and Al film 8 ié made on the ohmic electrode making
portion and on the n*-type GaAs substrate 1. 1In this
case, for easier liftoff, the resist pattern used for
the liftoff may be made in two layers. If the resist
pattern is a positive type resist, for example, the

underlying resist pattern may be made of a more
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ohmc electrode. As a result, the ohmc electrode 7 can be used as IC

W ring or capacitor electrode, which sinplifies the wring process of

sem tonductor devices and increases the flexibility in their design.
.Expl ai ned bel ow a fourth enbodi nent of the invention. The
fourth enbodinent is directed to a process for manufacturing GaAs MESFETs
whi ch makes ohnic el ectrodes by using the ohnmic el ectrode fabricating
met hod accor dipfphasansl et mesidfodi mnent  and al so nmakes gate el ectrodes

sinul taneously with the ohm c el ectrodes . Int fourth

embodi nent, first, as sH‘cﬁ/ﬁPliqviLn‘Flfd’ Gl tk&%‘én‘?@‘?ﬁﬂ‘%&%’n}%&% substrate
9is selectivel |on i don urit

concentration uéi ]fnbr rﬂs{{ ﬂbe O%tlt %Ye]&%dan%lfu‘f%‘ﬁ%r %on% ina
hi gh concentr |on tions . {0 £91 90 anl,d4 draln
regi on. Thenaé trlt%lc uﬂrhé iqshnfélncg\e %&goﬁ err J}:kgé‘lto 800[ err] C

exanpl e, to el rgﬁ@éﬂ e SEdvASe L 101 SRS o] SBLEAY 1 O te he

n-type channel Tayer

source reg'0”d%hﬂﬁ"kﬂgfﬂﬂlﬁfiﬂéybﬁéh structure f&@xfawﬁiéﬁtmwglthéﬂg 10B
a nmulti-layered structure conposed of the non-single crystal

In[err] Gal err]oitnid ayesctBradsl. t Ires v fédu ¥, | shé oshretc onledtereded/ f or
maki ng the ohmc electrode by the lift-off method as referred to in the
expl anati on ofcarheod iusad embollt mining or capacitor electrode, which
simplifies the wiring process of semiconductor dev1c§s
and ihcreases the flexibility in their design.

Explained beldw a fourth embodiment of the
invention.

The fourth embodiment is directed to a
process for manufacturing GaAs MESFETs which makes
ohmic electrodes by using the ohmic electrode
fabricating method according to the second embodiment
and also makes gate electrodes SimultaﬁeouSly with the
ohmic electrodes.

In the fourth embodiment, first, as shown in
Fig. 10A, a semi—insulétinq GaAs substrate 9 is
selectively ion-implanted with a donor impurity in a
low concentratian at the portion for making an n-type
channel layer and in a high concentration at portions
for making the soﬁrce region and the drain region.
Then, the structure is annealed at 700°C to 800°C, for

example, to electrically activate the implanted

impurity to provide the n-type channel layer 10, n.—
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After that, a WNWfilmis deposited on the entire surface by, for exanple,
a sputtering nethod, a resist pattern (not shown) in the form
corresponding to the gate electrode and the ohnmc electrode to be nade is
formed on the WN filmby a |lithography nethod, the WN filmis etched by,
for exanple, a reactive ion etching (RIE) nethod using the resist pattern
as a mask and using a CF4/02 etching gas, and the resist pattern is
renoved t her eafWFCe fceEion st 1anQ Akhbhr iR gl2- 10C, the structure

bt ai ned i ncl udes, it | ectrad Ki lti-) d t
For fabricating ohmic GERtro0ceCapIsARSr 1o ioiel vl B drpda’ ™
| Ga 3 | {1 fi trod
13 composed of TretHiFs Gotbosed Bf BIF noh e (SIS 1IN D
Wi ring. layer 13608 OMEIN] Seifieny afpepbpre@lopOPhErddda tfor 600[ err] C

by, for exanple,” a RTA nethod. Thus, as shown in Fig. 10D, ohmc

el ectrodes 14, mdiei m§eeh@SoleRid CEL Efrodd b Eheclipelest Arretitsdealsi n t he
same manner as explained with the first enbodi nent, and an expected GAS

MESFET is conptefertired to in the explanation of th&3first embodimghiai ned
with the first enbodi nent, and an expected GaAS MESFET is conpl et ed.
According to the fourth &fitbed teat, aHENohihin ieldeposiesd 1an Ul%e havi ng
good characteristics as source or drain electrodes can be nade easily, and
al so the gat eeRtiee roeface doyr bEorperamphen t AnBUErSTiRg Hetkedmt? on of

the nulti-layered, structures used for ) .
resist pattern (not shown) in the form corresponding to

the gate electrode and the ohmic electrode to be made
is formed on the WN film by a lithography method, the
WN film is etched by, for example, a feactive ion
etching (RIE) method using the resist pattern as a mask
and using a CF4/0: etching gas, and the resist pattern
is removed thereafter. As a result, as shown in Fig.
10C, the structure obtained includes, on its electrode
making area, multi-layered structures for fabricating
ohmic electrodes composed of the non-single crystal
Ino.7Gac.3As layer 3, Ni film 4 and WN film 5, and the
gate electrode 13 composed of the WN film.
Consequently, the WN film may be used to make wiring.
The prbduct is then annealed at 500°C to
600°C by, for example, a RTA method. Thus, as shown in
Fig. 10D, ohmic electrodes 14, 15 used as source and
drain electrodes are formed in the same manner as
explained with the first embodiment, and an expected

' GaAS MESFET is completed.
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fabricating the ohmic electrodes 14, 15. As a result, the process for

manuf acturing GaAs MESFETs is sinplified. A fifth enbodi nent of
the fnvention is described bel ow. When a sem conductor device
requires both an ohmc electrode for an n-type I11-V conpound

sem conductor and an ohm c el ectrode for a p-type I11-V conpound

sem tonductor, the fifth enbodi ment makes these ohm c el ectrodes

si nul t aneous| yexplathed withithe| fyesbdenbedinents abe ABKPHBe6hAfC

el ectrodes. More specifically, when a GaAs JFET, for exanple,
is to be fabri CaRRMERFHT etFCoPPLeEaee region, n- type source region and
drain region are fornmed jn a .sem:i GaAs. sybstr

mul ti-layered structur c?%Fd¥%%rFé2fﬁ%g%%ﬁﬁFE 8?88&?888 Effﬁgngﬂggg. of
(e 15 erbogiaole i, o) g s, T B pBrke A" piace

regi on and drafn region: ter anneal1ng

exanpl e, S00[ egt]fralR EPOLEESAEs QNH FeCheqhr 048319) €afibMh k8NeRES| Yy

formed on the gate region, source region and drain region.

24 _ cI;ate e1E8trb@brigsatindpd hhatesonunehhesublpolath transistor
(HBT) using II1T-V conpound senm conductors, nanely, n-type Al GaAs | ayer as

the emtter | agermapiontypetkaAsubtitbheybase bayactandsnusgdefGaAs | ayer as
the collector |ayer, which needs ohmc electrodes for the emtter, base
and col | ector fapeisatihgsthehohmiceébettoddsscah, béSaaddssanyesuhEousl y on
the emtter, the process for manufacturing GaAs MESFETs is
simplified.
A fifth embodiment of the invention is
described below.
When a semiconductor device requires both an
ohmic electrode for én n-type III-V compound
semiconductor and an ohmic electrode for.a p-type III-V
compound semiconductor, fhe fifth embodiment makes
these ohmic electrodes simultaneously by using multi-
- layered structures for making ohmic electrodes.
More specifically, when a GaAs JFET, for
example, is to be fabricated, a p*-type gate region, n-
type source region and drain region are formed in a
semi—insulating.GaAs substrate, and multi-layered
structures’ for fabricating ohmic electrodes like those
of the first embodiment, for example, are made on the
gate region, source region and drain region. After
that, by annealing the product at, for example, 500°C

to 600°C, ohmic electrodes are simultaneously formed on

the gate region, source region and drain region.
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base and col |l ector |ayers, respectively, by formng nulti-Ilayered
structures for fabricating ohmc electrodes |ike those of the first

emboti ment, for exanple on the emtter, base and collector layers, and by
anneal i ng the structures at 500[err]C to 600[ err] C. Her ei nabove,
‘the jnvention has been dEetrFakdichyingyaofiheperpinpceianpbésplatnever, not

being linmited to these enbodiments, the invention_involves various
nodi fi cati ons %%%%%1%ﬁ°¥héH¥Ebhﬂ$%%g EBﬁcgpFOEPOPHQ seRyepRivrtors.,

For exanple, the N f|| §§E?$ Lf o fouFﬁh enbodi ments may be
repl aced by a T&¢ Yh1% P Syer'3s thé U thet, ~a¥thoudh the

f t toth k

f;Lflcaﬁlnglgﬂ%¥§Qb$%%$E%%Zs y§%$$.%$yé% hayﬁoggp égﬁgui%%é%; ? by first

sequentially SEH& P1&8€or T £5 éft'Mﬁlhﬁyﬁéédgfoﬁﬂf?”giébtféaééeﬁoﬁtfUCthe

for fabricating ohmc e ectro es on the entire surface of the n[err]-type

GaAs substrat etrleaétﬁlbueﬁpbﬁ@g@eﬂﬁaycopaé&%ﬁl ngythesethayershmiko the form
of ohmc el ectrodes by an

et chi ng net hodelectrodes caEUbéhmaﬂérelmalthnéghslyeoﬁlthé ¢oitoers h
enbodi ments have been expl ained as applying the invention to fabrication
of ohnic el ecthaslesandtcolhect@aAbagebs; r aespethévehyenbyofiormingl so be
applied to fabrication of ohmc electrodes onto a GaAs | ayer nade

multi-layered structures for fabricating ohmic

electrodes like those ofnthe first embodiment, for

example on the emitter, base and collector layers, and.

by annealing the structures at 500°C to 600°C.

Hereinabove, the invention has been described
by way of specific examples; however, not being limited
to these embodiments, the invention involves wvarious
modifications based on the technical concept of the
invention.

For example, the Ni film 4 used in the first
to fourth embodiments may‘be replaced by a Co film or
an Al film. .

Further, although the first to third
embodiments make the multi-layered structure for
fabricating ohmié electrodes by a lift-off method, it
may be made by first sequentially stacking the
respective layers of the multi-layered structure for
fabricating ohmic electrodes on the entire surface of

the n*-type GaAs substrate 1 and by subsequently

patterning these layers into the form of ohmic
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by epitaxial growth, for exanple. Further, the invention may
al so be applied to fabrication of ohmc electrodes onto the source region
and the drain region of a high electron nobility transistor (HEMI) using a
[11-V conpound seni conductor, for exanple, Al GaAs/ GaAs HEM. As
described above, according to the invention, by annealing the

mul ti1-1ayered structure for fabricating an ohmc el ectrode, conprising a
non-singl e crgkectredes canrtetchiyemetitbd. filmincluding at least a
nmetal nitride filmwhich are sequentially stacked on a |IIl-V conpound

seni conduct or body, ohmni BUrEreReBRe 2 Hellough ok tF et vt 98 Rt or y

characteristics for,.I11-V co und senm condugtors ¢ .readily be
fabricated wi tFRPHHYTHES o%‘g%)ﬁ?ﬁ?‘}_exl’lalne 25 %58y d AN Y

26 invention to fabrication of ohmic electrodes onto the
GaAs substrate, the invention may also be applied to
fabrication of ohmic electrodes onto a GaAs layer made
by epitaxial growth, for example.

Further, the invention may also be applied to
fabrication of ohmic electrodes onto the source region
and the drain region of a high electron mobility
transistor (HEMT) using a III-V compound semiconductor,
for example, AlGaAs/GaAs HEMT.

As described above, according to the
invention, by annealing the multi-layered structure for
fabricating an ohmic electrode, comprising a non-single
crystal semiconductor layer and a film including at
least a metal nitride film which are sequentially
stacked on a III-V compound semiconductor body, ohmic
electrodes having practically satisfactory
characteristics for III-V compound semiconductors can

readily be fabricated with a high productivity.
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