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Sem conductor Device and Apparatus for Fabricating Conpound Sen1gqnquMQr
Device BACKGROUND OF THE I NVENTION 5 Field of the Invention The present
invention relates to a nethod of fabricating a conpound sem conductor

devi ce enployed for an LED (light emtting diode) or the like and an
apparatus for fabricating a conpound sem conductor device, and nore
particularly, it relates to a nmethod of fabricating a sem conductor 10
device for a ZnSe-based LED enpl oyed for the backlight of a liquid display
unit or the like and an apparatus for fabricating a conpound sem conduct or
devi ce. Description of the Prior Art In order to drive a conpound
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ZnSe- based AERprepared by fusing In, however, var | ous 1
Description of the Prior Art

In order to drive a compound semiconductor device such as an LED,

15 it is necessary to form an electrode on a compound semiconductor. For
example, an electrode of ohmic contact must be formed on the back surface
of a ZnSe substrate, in order to produce a ZnSe-based LED chip. However,
such an electrode of ohmic contact cannot be readily formed on the ZnSe
substrate for the following reasons:

20 {a) The upper bound of the carrier concentration of the ZnSe
substrate is limited to the latter half of the 107 mark. No ZnSe substrate
having a carrier concentration exceeding the latter half of the 1017 mark
has heretofore been fabricated. In particular, the carrier concentration of
a p-type ZnSe substrate cannot even reach the 1017 mark.

25 (b) Oxides are readily formed on the surface of the substrate.

(c) The treatment temperature for forming the electrode must be not
more than 250°C, in order to protect an active layer or a cladding layer of
an emission part.

In general, In which is a low melting point metal is known as an

30 electrode metal implementing ohmic contact. An electrode of ohmic
contact can be formed also on the aforementioned ZnSe substrate by fusing

In.
In a ZnSe-based LED prepared by fusing In, however, various



4 JUN 2004 inconveniences result fromthe low neltin oint of In i
;§B|OMI0r transfer nol ding. Wien the ZnSe-based LEDPig heated to Egogflger
C, for exanple, ball-up results fromthe |ow nmelting point of 4 N0

about 157C, and hence a flat interface cannot be obtained. Therefore

uni formohm c 5 contact cannot be attained despite inplementation of ’

Partlgl ohmc contact. \Wen a flat electrode having ohmc contact is not

mﬁ{gﬁ ina? unnecessarily high voltage nust be applied to the overall LED
which | urn requires a large nunber of batteries and cannot be readily’
pplied to the backlight for a liquid crystal display screen of a portable
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stable ochmic contact with a compound semiconductor without employing a
low melting point metal such as In and an apparatus for fabricating a
compound semiconductor device.
The method of fabricating a compound semiconductor device
20 according to the present invention comprises a substrate cleaning step
including a first cleaning step of heating a compound semiconductor
substrate containing a first conductivity type impurity in a temperature
range of not more than 250°C for etching its surface with hydrogen chloride
and a second cleaning step of performing a radical hydrotreatment on the
25 compound semiconductor substrate etched with hydrogen chloride after the
first cleaning step.
When etching the surface of the compound semiconductor substrate
with hydrogen chloride, an oxide film resulting from atmospheric exposure
can be removed. In this hydrogen chloride etching, the temperature of the
30 compound semiconductor substrate must be not more than 250°C, in order
to prevent damage of an active layer and a cladding layer already formed

on the opposite surface of the compound semiconductor substrate. When

performing the hydrogen chloride treatment at a temperature of not more



4 JUN 2004 than 2500C, the surface of the conpound sem conductor substrate
adsorbs d although the oxide filmor a carbide can be renpoved fromthis
surface. Therefore, the radical hydrotreatnent is performed for #dﬁﬁﬂmhg
the adsorbed . C can be renoved by the radical hydrotreatnment. Radica

5 hydrogen has high reaction activity, and hence a sufficiently high

radi cal hydrogenation reaction rate can be ensured al so when setting the
tenperature of the conpound seni conductor substrate to not nore than

250" C. A clean surface of a conpound sem conductor can be obtained also at
a tenperature of not nore than 250' C due to the hydrogen chloride 10
treatnent and the radical hydrotreatnent, so that an epitaxial conpound
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case of forming an ochmic electrode layer on the back surface of"a comp
semiconductor substrate already formed with an optical active layer or the
like on its surface without damaging the optical active layer or the like.
The method of fabricating a compound semiconductor device
20 according to the present invention can further comprise a compound
semiconductor film forming step of epitaxially growing a compound'
semiconductor film containing the first conductivity type impurity in a
higher concentration than the compound semiconductor substrate on the

d semiconductor substrate after the cleaning step and a conductive

compoun
e film on the

25 electrode film forming step of forming a conductive electrod

compound semiconductor film. .
When directly forming a conductive electrode layer of a material

other than In on the compound semiconductor substrate, ohmic contact

cannot be attained if the compound semiconductor substrate has a low

30 carrier concentration. Therefore, the compound semiconductor film

containing a conductive impurity in & higher concentration than the
compound semiconductor substrate is epitaxially grown for forming the

conductive electrode film on the epitaxial film having a high carrier
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4 JUN 2004 concentration and ensuring ohmc contact. If nerely performng
cleaning by general etching after exposing the surface of the conpound
sem conduct or substrate to the atnosphere, a desired conpound 4 JUN 2004

sem conductor film cannot be obtained due to a |arge quantity of inpurities
5 remaining on the surface. Therefore, when performng filmformation at a
| ow tenperature of not nore than 250C, for exanple, an epitaxial film
having a high carrier concentration cannot be obtained with a small nunber
of interfacial levels on the surface of the conpound sem conduct or
substrate. 10 If the interface between the conpound sem conductor film and
the conductive electrode filmis not clean, large interfacial resistance
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can be obtained on the back side of the compound semiconductor substrate
without damaging an optical active layer or the like already formed on its
surface, for readily forming an electrode of ohmic contact thereon.
An active layer and a cladding layer serving as emission parts are
20 formed on another surface of an n-type ZnSe substrate. The active layer
and the cladding layer stably emit blue light, while the ZnSe substrate
receiving this blue light emits yellow light. Therefore, highly stable white
light can be obtained through the low-priced compound semiconductor
device. According to the present invention, the electrode of ohmic contact
25 is provided on the back surface of the aforementioned n-type ZnSe substrate
for reducing a contact potential, thereby enabling reduction of the number
of batteries necessary for the backlight of a liquid crystal display unit for a
portable terminal or the like.
The aforementioned method of fabricating a compound.
30 semiconductor device according to the present invention can carry out
treatments in the compound semiconductor film forming step and the
conductive electrode film forming step within such a temperature range

that the temperature of the compound semiconductor substrate 1s not more
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4 JUN 2004 than 250'C. Thus, the electrode |ayer of ohm c contact can be
readily formed on the back surface of the conpound sem conductor substrate
wi t hout danmaging an active |ayer or the |ike already forned on &t AW Blr f ace
of the 5 conpound sem conductor substrate. In the aforenentioned nmethod of
fabricating a conmpound sem conductor device according to the present

I nvention, treatnments in the substrate cleaning step, the conpound

sem conductor filmformng step and the conductive electrode filmformng
step are preferably continuously 10 carried out w thout exposing the
conpound sem conductor substrate to the atnosphere, for exanple. If both
of the interface bet ween the conpound sem conductor substrate and the

conmpound Sﬂ{‘g tor filmand that bet Ween the conpound sem conduct or
filmand the
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difference on the interfaces. If the interface between the compound
semiconductor substrate and the compound semiconductor film is exposed
to the atmosphere, the effects of the hydrogen chloride treatment and the
radical hydrotreatment are reduced by half. The interface between the

20 compound semiconductor film and the conductive electrode film tends to be
exposed to the atmosphere. When exposed to the atmosphere, the
interface is contaminated with oxides or carbon and hence ohmic contact 1s
hard to implement or voltage applied to the overall LED cannot be reduced
even if ohmic contact is implemented. When the compound semiconductor

25 device is used as the backlight of a liquid crystal display unit for a portable
terminal, therefore, the number of necessary batteries cannot be reduced.
Ohmic contact of low resistance can be implemented by continuously
forming the compound semiconductor film and the conductive electrode film
on the clean surface of the substrate and the compound semiconductor film

30 respectively without atmospheric exposure, as described above.

In the aforementioned method of fabricating a compound
semiconductor device according to the present invention, treatments in the
substrate cleaning step, the compound semiconductor film forming step and

.5-



4 JUN 2004 the conductive electrode filmformng step are preferably
carried out in respective treatnent chanbers of a treatnent apparatus
having a plurality of treatment chanbers coupled wth each ot hgrjpyan

ul trahi gh vacuum transfer path respectively w thout exposing the conpound
sem conductor 5 substrate to the atnosphere between the treatnents, for
exanpl e. The conpound sem conductor substrate can be heated to a
tenperature of not nore than 250' C not danaging the optical active |ayer
or the like without atnospheric exposure, for obtaining a clean surface in
an assenbly-line manner and formng the el ectrode fUm of ohmc contact. 10
Thus, the electrode filmof ohmc contact can be extrenely readily forned
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10-4 Torn rate tenperature exceeds 250'C, further, the 30

per f or mancexrst redysong the faknieaidomeotthe active layer etc. of the LED is
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step can be carried out under conditions of (a) gas components 5 to 20
volume % of HCl and a rest of He gas, and (b} gas pressure of 1 x 106 Torr
to 1 x 104 Torr, for example.
The surface of the compound semiconductor substrate is positively
20 otched due to the aforementioned hydrogen chloride cleaning, so that oxides
are removed. Thus, one condition for epitaxially growing a high-
concentration carrier film is satisfied. In relation to the gas composition
with the rest of He gas, oxides are insufficiently removed if the content of
HCl is less than 5 volume %, while the etched surface is not flattened if the
25 content exceeds 20 volume %. Further, the etching rate is so small that
etching is practically impossible if the total gas pressure is less than 1 x 10-
6 Torr in the aforementioned gas composition, while etching is ununiformly
performed to deteriorate surface flatness if the gas pressure exceeds 1 x 104
Torr. If the substrate temperature exceeds 250°C, further, the
30 performance of a portion formed as the active layer etc. of the LED 18

damaged.
In the aforementioned method of fabricating a compound

semiconductor device according to the present invention, hydrogen



4 JUN 2004 radicalization in the second cl eaning step can be carried out
under conditions of (a) hydrogen pressure of 5 xjO 7Torr to 5 x 10-4Torr,
and (b) radicalization power of 50 to 300 W for exanple. Adsorbgquﬁqmgan
be renoved for obtaining a clean surface by the 5 radical hydrotreatnment
carried out at a tenperature of not nore than 250" C under the

af orenenti oned conditions. In the aforenentioned nethod of fabricating a
conpound semn conductor device according to the present invention, the
conpound sem conductor substrate can be an n-type ZnSe substrate
containing an n 10 type inpurity of at least 1 x 1017/CM3, for exanple, the
conpound sem conductor filmcan be an n+-type ZnSe fil m containing an
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7 formed on the other surface of the n-type ZnSe substrate. e active layer

etc. stably emit blue light, while the ZnSe substrate receiving this blue

light emits yellow light. Therefore, highly stable white light can be

obtained through the low-priced compound semiconductor device. The

20 electrode of ohmic contact according to the present invention is provided on
the back surface of the aforementioned n-type ZnSe substrate for reducing a
contact potential, thereby enabling reduction of the number of batteries
necessary for the backlight of a liquid crystal display unit for a portable
terminal or the like. Electric resistance can be reduced by setting the n-

25 type impurity concentration in the n-type 7ZnSe substrate to at least 1 x
1017/cm3, while ohmic contact can be implemented by setting the n-type
impurity concentration of the n*-type 7nSe film to at least 1 x 101%/cm3. If
the n-type impurity concentration of the n*-type ZnSe film is lless than 1 x
101%/cm3, ohmic contact cannot be attained between this film and a

30 conductive layer such as the Ti film but interfacial resistance is
disadvantageously increased. If the n-type impurity concentration in the
n-type ZnSe substrate is less than 1 x 1017/cm3, electric resistance is
disadvantageously increased. Such increase of the resistance increases the

.7



4 JUN 2004 nunber of necessary batteries, to increase the weight of and the
cost for the conpound sem conductor device. Ti readily inplements ohmc
contact with respect to the conpound seniconductor film containjqgNiie

af orenmentioned first conductivity type 5 inpurity, such as an n- gpe
impurity, for exanple, in a high concentration. Therefore, the Ti filmis
formed to inplement ohmc contact, and a chemcally stable Au film for
exanple, is formed on the active Ti film The apparatus for fabricating a
conmpound sem conductor device according to the present invention conprises
a gas treatment apparatus 10 perform ng gas etching on a conpound

sem conduct or substrate, a radical treatnment chanber performng a radica

{ : gg{ gm ;gggggﬁ?f:ﬁégmgﬂgz baesiieslcicesaseuhetweight of ahil thefcstier the
_ s form,ng a , conpound sem conductor filmon the conpound
sem conducPsP ’Eer%’c‘:@nd’&ﬂ@réieé’é?r?d)uct ive filmformng apparatus for g'pngna

gggglrjfgie\sle fil {f{‘iqreaﬂﬁlg itEplenremos oHnse wontrot it respdss tte 4he comppung t her

an .u ahi vac Ar f : | ] 8aRe [
ones of t H_:’@_rlb‘ﬁ‘é_‘n‘ﬁ‘rlcgag %(],'Wt °°”§§§§§?§3 E% ,_aeféﬂeg%rlg%l ca| hl? r&eégﬂrcrlglr?%ﬁgtg ar at ﬁfsl Vte he
fil m# or meiimirity, eatnestan apyaedmppsiralyd fomexarppley ér paishi qoﬁﬁc%&ﬁtﬁﬁl- 1

2ppar at us . % 62PRDIE sl ol iHARSATH el SREIBUDHAETAAG AU o

substrate. . e to continuousl erfor d [
treat ][ren_t chemuically atiaklal Anidme forexaraaie. infosmas 9B 4R %ﬁp‘ésgﬁ&ﬁ]&rcgldﬁyede

i nterfacial = rophshaRagadiihot ehmRiaNISRN WX Mutbamaiadserdradndost o film
y enploying the treéatnent apparatus havi.ng the aforenmentio Lructure
The ul t r ahdegRrdiaguigrihiesPTgSeRICIRYFNGIOT GURPYA aﬂﬁ?’grela(}mgnr}ﬁ‘%ﬂ]ag%taound 25
3 ﬁpyig;dgﬁ%&ffoﬂﬁmgc A PEEN A B 4 orhpeund essritoriductot swbsteate, berdddpali cat ed

S AL GG e S SR T R
?ﬁ\é: ﬁgeag cﬂérgidaﬂdh@tcﬁfmmtmena filmviomtiadinn treetyant apparEIt forsMp&at us can
seni conduct Egﬂﬁ@ﬁgﬁ{i@g I '{eﬁ%‘g’?n@g%‘?g‘g{rnhe?%?‘ﬁﬁ S?%(r}&dmmt?esu%r&wound |
car bon adhend mgedmlvchivedilnt foreniofg aMrggmmﬁghgseegﬁzgﬁ}afg%@? %}m&ﬁ rslar Z,? g can
P ﬁ er ﬁggygggq%gﬁﬁ@rifsééﬁ{x?%cg%% tQ\Q%étl?Ete,%‘ﬂ%&'ﬂfbr&’%’ﬂlﬁﬂ@@@lﬁﬁﬁﬂtﬁﬂﬁghr ate with
vacuum transfer path coupled with the respective ones of the gas treatment
apparatus, the radical treatment apparatus, the film formation treatment
apparatus and the conductive film forming apparatus to be capable of
transferring the compound semiconductor substrate.
20 It is possible to continuously perform a hydrogen chloride treatment
and a radical hydrotreatment in an ultrahigh vacuum, reduce interfacial
resistance and form an epitaxial compound semiconductor film by
employing the treatment apparatus having the aforementioned structure.
The ultrahigh vacuum is a vacuum of less than 10-8 Torr. The compound
25 semiconductor device according to the present invention can be fabricated
only by the fabrication apparatus having the aforementioned structure.
In the aforementioned apparatus for fabricating a compound
semiconductor device according to the present invention, the gas treatment
apparatus can include a hydrogen chloride treatment apparatus etching the
30 compound semiconductor substrate with hydrogen chloride, for example.
Oxygen and carbon adhering to the surface of the compound
semiconductor substrate can be removed by positively etching the
compound semiconductor substrate with the hydrogen chloride treatment



4 JUN 2004 apparatus connected by the ultrahigh vacuumtransfer path, for
novi ng the conpound sem conductor substrate to a next step in the

ul trahi gh vacuum I n the aforementioned apparatus for fabricating alN 2004
conpound sem conductor device according to the present invention, the
radical 5 treatnent apparatus can include a radical hydrotreatnent
apparatus performng a radical hydrotreatnent on the conpound

sem conductor substrate, for exanple. When perform ng the hydrogen
chloride treatnent at a tenperature of not nore than 250C, C is absorbed
on the conmpound sem conductor 10 substrate to forminterfacial |evels when
t he conmpound sem conductor film is formed on the conpound sem conduct or

substrate. I ehi ¢ altr ANIHOVA@AtmRpdnsfer path,ifed moringfther t he
hydr ogen cﬁggﬁﬁggtcrgggtwﬁ%gt%amhiL\errmw n ths gorrﬁgﬁ_gd e 'c%n,gél&gp‘i in the
ul trahi gh vemporndseoreerdustapsphrate &gd’s‘?& &R HY F%iﬁ}c%n ho 50 t hat
e oy A | ey B B G o
conpound §%W%?ﬁ’di?&?‘bﬁle‘ﬁé?/?‘l§‘é{r %E%ﬁ?ﬁ%pﬁ%‘%fl ﬁéﬁ%’r etgéerﬁttrﬁl nlj\?gln %lon can have
an MBE (mptRciat dgamaem taxindhdappaditalhyseouieagmsot BPRSTEHE r adi cal
exanpl o aRarerEihge s dtCfertiiar R Ghndfift SEilcohRatal u2. 00 ,%
cell, a hydubggatgdsr smppiple.source and a radicalization gun for performng

2 2dical hydr ot eRtIRRHAllg LS ARBOUGNRRICO0MGLAL aoditRbiatuEd b the

hydr ogen gas supp ource a , I cal1zation gas and .forﬂi rl% an n-

type ZnSe fof ot omorethancdBehClse mbsorkadcen the cerappupd SRAHAORKECSR cel | |

25 the Se %ﬁbgt&gg t ?@&@%f@%ﬂ lgv@lshivﬁé‘h)thﬁ|06mlpo$mﬂfs%@ﬁcoﬁdt1bmmﬂmpound
ubStrate

sem conductor S can e obtained due to, the rement i.ened
structure, isfonmed onrthesormpouad Wmm??g&“?ﬁ%‘%]smaﬁ?'hZ@ﬁﬁ’é&gr%itg carrier
concent r at i, gR; &ahydSofrehtment iesaeind odhafer the hydmeesi dileride treqinesmint

ohm c contact, _wth respect to a ;substrate 30. ¢ ntration
can be incr“éb%%&l‘%‘@nﬁﬁgéI°§?mtpr?émlda%etné‘rcoﬂg}l?tocgflmﬁg%I%W%?Egﬂ%ﬁ t

af or enent i gpgHoappamatpkefiotxpedurertidreyy aenowpeg hd so $bat g@l,mﬁgythaggvi ce
accorijé no taoppterall?'s %rn il tépit?l%feﬁtﬁilx%%aﬁ BS fgﬁﬂg&' Wit¥futSnterfacial levels.
The aforementioned apparatus for fabricating a compound
semiconductor device according to the present invention can have an MBE
(molecular beam epitaxial) apparatus serving both as the radical
hydrotreatment apparatus and the film formation treatment apparatus, for
20 example, and the MBE apparatus can include a Zn cell, an Se cell, a ZnClz
cell, a hydrogen gas supply source and a radicalization gun for performing a
radical hydrotreatment on the compound semiconductor substrate with the
hydrogen gas supply source and the radicalization gas and forming an n-
type ZnSe film on the compound semiconductor substrate with the Zn cell,
25 the Se cell and the ZnCls cell.
A highly clean surface of the compound semiconductor substrate can
be obtained due to the aforementioned structure, so that an epitaxial n*-
type ZnSe film having a high carrier concentration can be formed thereon.
Thus, it is possible to implement ohmic contact with respect to a substrate
30 whose carrier concentration can be increased to merely the latter half of the
1017 mark.
In the aforementioned apparatus for fabricating a compound
semiconductor device according to the present invention, the conductive



4 JUN 2004 filmform ng apparatus can format |east one of a Ti filmand an
Au filmon the conpound sem conductor substrate. A back el ectrode

i mpl enenting ohm c contact with respect to the conpound seni condu€&tigN 2004
device can be fornmed due to the aforementioned 5 structure. The foregoing
and ot her objects, features, aspects and advantages of the present

I nvention will beconme nore apparent fromthe followi ng detailed
description of the present invention when taken in conjunction wth the
acconpanyi ng drawi ngs. 10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
sectional view schematically showi ng the structure of a conpound

sem conduct or device according to an enbodi nent of the present invention;

Fig. 2 sc Ffﬁmamidgya@m%ﬁé ah B YodhatIbAastcony f i dilmappd aatAs fllor on15
fabricati a conpoupd sem cond uctlg)r device in Exanple 1 of the enbodi nent

of the pr FOmMPRMHE PORicomdyctar § Y&&ct i onal vi ew showing the outline of
a substrate hol ﬂ%ack@lecti@déﬁrﬁﬁle@n&@ﬁhg ehetitrcodtacfwitheesmrgpdarthe -

sem conduct or devjce; . f the
surface ofCORNPIHR ée‘[ﬂ)‘/(i?él ZW%E i‘h‘Bg“? F%’Bi’ ?ﬂ‘b’%&@ %%\(l)%hgg'z}g) ?%g%ﬁgfg%?ori de
treatgent @pdeturer adi cal hydrotreatnent; Fig. 5 is a sectional structure

cohemat ool Y SHRUE BT S LU e IR it eatlaon

characteristic sem. conduct or devi ce;
25 Fig. 6 iHd piiseat asvdﬂtmmwnh@etemelmageanmt mstbpéolé?wbpgoack

el ectrode of n hei ‘hh@hé’ﬁ‘%ﬁﬁé‘ﬁ ih By Eincidn Fig. 7
illustrat e‘g t[aﬁlgécdl%%grg %1‘%91 ﬁgegﬁ%ﬁa&a%%grl sot ic of a back %I ectrode

prepar ed bwithothes a@omﬂanyfmgrdramnaﬁ Au filmw thout perform ng a radical

hydr?éfeat Er 9@:§%EIP@IGN@FtTHEEEMWINGSent vol tage charact eristic of
C

a ba rode a ZnSe base L ac t ot 2?1 pg:escg Opgent I on;
Fig. 9ill ust r afég ¥ ivea gegtiannl oW ssge §FUIEHEL O Bl ect r ode
prepared by,hea60hA%esidbndidipy dBdicamcbording o wmdmhoahmmtmf the-present
invention;
Fig. 2 schematically illustrates the structure of an apparatus for
15 fabricating a compound semiconductor device in Example 1 of the

embodiment of the present invention;
Fig. 3 is a sectional view showing the outline of a substrate holder for

forming a back electrode of the compound semiconductor device;
Fig. 4 is a model diagram showing the state of the surface of an n-
20 type ZnSe substrate subjected to a hydrogen chloride treatment and a
radical hydrotreatment;

Fig. 5 is a sectional structure schematically showing a structure for
measuring the current-voltage characteristic of the back electrode of the
compound semiconductor device;

25 Fig. 6 illustrates the current-voltage characteristic of a back
electrode of a ZnSe-based LED according to the present invention;

Fig. 7 illustrates the current-voltage characteristic of a back
electrode prepared by forming a Ti film and an Au film without performing
a radical hydrotreatment;

30 Fig. 8 illustrates the current-voltage characteristic of a back
electrode of a ZnSe-based LED according to the present invention;

Fig. 9 illustrates the current-voltage characteristic of a back
electrode prepared by forming a Ti film and an Au film with atmospheric

-10 -



4 JUN 2004 exposure after formng an n+ ZnSe film Fig. 10 is a sectional
view show ng a stage of formng an LED epitaxial nultilayer film such as
an active layer on the surface of an n-type ZnSe substrate in a éngiNhxg of
fabricating a conmpound sem conductor device 5 in Exanple 2 of the

enbodi nent of the present invention; Fig. 11 is a sectional view show ng a
stage of bonding the n-type ZnSe substrate of the state shown in Fig. 10
to a glass substrate while polishing and etching the back surface; Fig. 12
is a sectional view showing a stage of form ng an n+-type 10 ZnSe epitaxi al
filmon the back surface of the n-type ZnSe substrate in the state shown
in Fig. 11; and Fig. 13 is a sectional view show ng a stage of formng a Ti

filmon th - 0. epnj i Flgnin the state shown in Fig. 13.
DESCRI PTI p&guﬁéﬁgﬁéﬁiﬁhﬁ%g){ﬁ&ﬁlﬁs' 15 An en‘?g(?ri ment o}_&t&?e present
i nvention i s nofigiddosizhesstitingh Vigwe FEPEARSE 2TH2ERET HTENTESY! erring to
E' 9 sl’ a?e@téxpa?nﬁnﬁa;}@fyﬁrm%%ch%@ am%@wiela%mv@%ﬁmmddémqf hayetyys, 2
nCdSe active layer .. a p-type e | ayer - er
and a supefhae spbetrpkg i agpedodof éﬁg/’gaf’inigrﬁ ?ﬂpg‘%g'alsg&}ll&?ﬁ?n&%%§§? 8&?%‘d on
an n-sype ZPEamihs brdftibe brebodincatssithelprefemmryentian; and an Au film 18 is
provi ded on the_super]attice layer 17 as i n*-type
ZnSe film 3 havFig %ﬁiagﬁe‘ﬁtoé’r”rli ?Wéilﬂgé%%%&tuggﬁ%ﬁgg#‘gﬁgeﬁﬂ t?ﬂ% back
surface of ZhHe snbkitace 30 8ee seitbshoatein Fighrlduigha ghassraudsteade vohile n order to
I mpl enment ohmi.c contact..A T _{ilm ich is a conductive |ayer, and an
Au filmé B&éshlﬂgtar%fet}cmghe %gc%r%%%\égm-type ZnSe film 3 through an
interface 4. ThEidil1¥ isl anséctiondloensdshoting restaie wi e1ing #g "OHPE cont act
and the Au,film 6 is f r ' Tpé ZhSeSubsaditkinrtdact i ng
"B e Bointal SR A bRIGHCIGE it n

w th-The a iy af orenmentioned structure, the interfaces 2 and
4 are part stattahbown wpBig.dis andAccording to the present invention, ohnic

contact is attaiged o LR (]sztgoﬁﬂ Vil aHowa8g a2stapd of fofing @Midilagon the
i nterfacial resistance. I

o g Elai ok AT BwAdE g o O Srent oned
DESCRIPTION OF THE PREFERRED EMBODIMENTS :

15 An embodiment of the present invention is now described with
reference to the drawings. Referring to Fig. 1, an n-type ZnSe layer 12, an
n-type ZnMgSSe cladding layer 13, a 7nCdSe active layer 14, a p-type
ZnMgSSe layer 15, a p-type ZnSe layer 16 and a superlattice layer 17 of a
7nSe film and a ZnTe film are formed on an n-type ZnSe substrate 1

20 successively from below, and an Au film 18 is provided on the superlattice
layer 17 as an upper electrode. An n*-type 7ZnSe film 3 having a high
carrier concentration is formed on the back surface of the n-type ZnSe
substrate 1 through an interface 2, in order to implement ohmic contact. A
Ti film 5, which is a conductive layer, and an Au film 6 are further formed

25 on the n*-type ZnSe film 3 through an interface 4. The Ti film 5 is formed
for readily attaining ohmic contact, and the Au film 6 is formed for
protecting the Ti film 5 readily reacting with the atmosphere. In the
aforementioned structure, the interfaces 2 and 4 are particularly important.
According to the present invention, ohmic contact is attained on these

30 interfaces 2 and 4, for reducing interfacial resistance.

(Example 1)
Example 1 of the aforementioned embodiment of the present

invention is now described.

.11 -



4 JUN 2004 1. Fabrication of Conpound Sem conductor Device In the present

I nvention, an apparatus for fabricating a conpound sem conductor device

pl ays an inportant role. Fig. 2 schematically shows the structure of the

i nventive apparatus for fabricating a conpound 5 sem conductor device. Wen
forming thin filns on the surface of an n-type 2ZnSe substrate, éJ@eliles of
processes of 1) cleaning the surface of the n-type ZnSe substrate, 2)
formng an n}-type ZnSe filmhaving a high carrier concentration and 3)
form ng a conductive |ayer for an el ectrode can be continuously carried
out in an ultrahigh vacuumof less than 10.8 Torr. In 10 a gas treatnent
apparatus 3, a hydrogen chloride treatnent of the ZnSe substrate is

ferml oyed for the 5Féf)?igﬁtiﬁhebéﬂf@?ﬂp&ﬁﬂ%S‘éﬁlib?idm&.oflﬁmﬁﬁet ing the tin films,

or renoving oxygen and carbon fromthe surfa t.he.substr y

et chi ng. Wen pﬁf}?%‘?HTW“FHP@‘WH?O@%HPQH%%S&% ??beré?ﬁérﬁéjgactongg@enﬁger ature

of not norgmitendaseE deaticppliyecin ngpartaactrolee [Fage? sci@gimaticaldg shpwison

results on,t he surfac f .t he conpoun he

af or ement i %ﬁrgﬁéﬁﬁﬁﬁeﬁ}%’éﬁ%’%épg 8?@%%%} g@rﬁ% %aot-ril- %fc{c)@{;?o suulbcfst rate

t hr ough ansathidoadugtorvdeicem t Wikesf formpag thi3ufibmel onrthesartass affpa ndyBe into

an MBE (noLegul a | §-axi ; h ' Ig;;pmical

hydr ot r eat Z‘%ﬁ? Sgrﬁsﬁ'%gg?s%E#%ggefbg#}%cﬁggﬁtg{s??%ﬁmgggﬁee%ﬁ éfa,%reom f’? %g 2t

af or ement i 8n8e snbgtmge,@)cﬂﬁlrmna@mm*ebﬁmsmw l_aawga(grao SUBK'y source

and a radi Galdoz.2t1100h QR 3)AofzhiAtAR0RALEHVE Bk bF aneBtedddyai bes T adi cal
: ereafte

Concent r at FeniEORSly Earipf ouidn FEEIEBANER (st Ol ol CUBEH o€ s
moved gt hr oygh <tiheaithé £ @hbPhratas BIm hyddgtechpaide f3asmentofithé @nS25
depositing a Ti |ayer V\:E:;:ycgij S ﬁecon uctive.layer ang ﬁosrerc%tp%gftﬁﬁ’ thaver
t heref or i AUBSEAty 15 MBEPSESIIPT R SPPRFACIFRNANE PEYGTEP PShE ot Re a%par at uses
32, 33 and{BAfiRROWRr rBmving 8xpden dadeatimditoel the sutfates of tposubstratehat the
L1 o o8 BRI e SAPRER S IR A v (e
appar at us 3empupphiresfeiot mag thgas250°Q brylotensing ah addvedayemdd He from a
Rl
the aforementioned apparatus moves the compound semiconductor
substrate through an ultrahigh vacuum transfer path 31 and introduces the
same into an MBE (molecular beam epitaxial) apparatus 33, for performing
a radical hydrotreatment on the surface of the substrate subjected to the
20 aforementioned hydrogen chloride treatment with a hydrogen supply source
and a radicalization gun. A Cl adsorption layer is removed by this radical
hydrotreatment. Thereafter an n*-type ZnSe film having a high carrier
concentration is formed in the MBE apparatus 33. Then, the substrate 18
moved through the ultrahigh vacuum transfer path 33 as such, for
25 depositing a Ti layer which is a conductive layer and a protective layer
therefor in situ in a deposition apparatus 34. Functions of the apparatuses
32, 33 and 34 shown in Fig. 2 are described below. It is important that the
following apparatuses 32 to 34 are connected with each other through the
ultrahigh vacuum transfer path 31.
30 (a) The hydrogen chloride treatment apparatus 32 supplies etching
gas of 10 volume % of HClVbalance He from a nozzle.
(b) The MBE apparatus 33 is provided with 7n, Se, ZnClz and H»

supply sources and the radicalization gun.

219 -



4 JUN 2004 (c) The deposition apparatus 34 includes Au an [

mask mechani sm for depositing Aupand Ti. An el ectrode mggdfl;ﬁ;gurces and a
n-type ZnSe substrate 1 having a carrier concentration of the I%gp@ﬂ@half
of the 1017 mark prepared by CVT 5 and cl eaned with K2Cr 207/ wat er .

shown in Fig. 3, the n-type ZnSe substrate 1 subjected to surface cleanlng
was placed on an Ar foil member 22 arranged on a substrate holder 21, and
a Ta plate 23 covering its edge portion was pressed with screws 24 for
nmounting the substrate 1. Also when preparing an el ectrode on a device
such as an LED, the surface of the 10 device is protected with an Au foi
menber due to this holding nethod. The prepared Au/Ti/n{-type ZnSe/ n-type

glnSeksu_berate ¢]éﬂ%d o@ﬁ\’c?r?af: afﬁ%hs@lfﬁmhlfﬂm AurnmndsTisneces uaddr to a Cuf f
ock with In_a annéal ed SOCfor 2 mnutes, for evaluating

g
the preparBaskepechansge OEId@@PF’% bng:%ﬁr Listics were measured by current
sweeping 15 w thn3e1§&@b&@%%%@meﬂ&frﬁmﬁﬁtyp@r@msveeubsltié& byhaving a

Hew ett - Packard. 2. t

G ani ng ORI oncratBtion i Hbednber ARLEol IR B8tk PRAlAel *’é’é?ﬁre%ge "
]I; g?; ;Jgeszggn%ﬂt:rra(}@@rwcthlIQiCﬂé)ﬁframrngPfseﬁm!l'en im Rigie3.ftbel wtipryZoheee

v ogen-  FoyStRteck SHBIEIY Lmuihes bRfabde g‘ﬁa"@‘ﬁ"‘gfﬂ‘%‘% o et
t he cl eani lg dreamesdabw mesutsiatertatldex ghp%m(bta@%)) atﬁo‘zm"eﬁm@tﬁﬁ 8°250C, )

nowever. Chelifod SR e;!&%glaéédr RiapLied son thensuhliagahehbetrdtba. Znsiso

hli
L rancing e e roniains S apt ! bhe Betibe of e Lhe
(b) g@s pr ﬁ?ﬁégga &?o 8 1t_'r_ﬁ£ﬁ Aeoil R ENdud eorpiesdtoldimg(meblsed.at e

t enpérat ure t ment
hydr ogen chl ori (Téletl?r@% fﬁ@ﬁe\‘iﬁ? %Hgg%f%n?aségﬁf’m tag%g %S zgfgl ﬁed
al so when Ewa%ago%trﬁoﬁeymrzmw $duﬁrbafﬂed tohd Eu/Wsblotks with dmarkb

aforement | %ﬁ%%a{]ed in 4 X rggg%ttliz\{é% o 1,298 9OF PR alla SSHE tBE Propatdi® - 13
electrode. Electric characteristics were measured by current sweeping
15 with a semiconductor parameter analyzer 4156 by Hewlett-Packard.
2. Hydrogen Chloride Treatment and Radical Hydrotreatment
Cleaning of the surface of the substrate is now described in detail.
The features of hydrogen chloride etching reside in the following three
points:
20 (1) The quantity of etching is larger as compared with radical
hydrogen.
(2) An extremely smooth surface can be obtained.
(3) When setting the cleaning temperature (substrate temperature)
to not more than 250°C, however, Clis remarkably adsorbed on the surface
25 of the ZnSe substrate. Therefore, hydrogen chloride cleaning is carried out
under the following conditions:
(a) gas composition: 10 volume % of HCl/He balance
(b) gas pressure: 2 x 104 Torr
(c) treatment temperature (substrate temperature): 250°C
30 (d) treatment time: 20 minutes
With only such a hydrogen chloride treatment, however, no epitaxial film
can be obtained also when forming an n*-type 7ZnSe film later. This results
from the aforementioned highly reactive Cl adsorption on the surface of the

-13 -



4 JUN 2004 n-type ZnSe substrate caused by the hydrogen chloride treatnent
at a tenperature of not nore than 250'C. In order to eIim'nalt"e tNr“i d
adsorption, a radical hydrotreatnent is effective. The radica JU
hydrotreatnment is carried out under the follow ng conditions, for exanple:
5 (e) H2 gas flowrate: 1 sccm (standard cubic centineter/mnute) (f) H2
pressure: 1.5 x 10-5 Torr (g) radical power: 100 W(h) radicalization tinmne:
20 m nutes According to RHEED (reflection high energy electron diffraction)
10 observation, the surface subjected to hydrogen chloride cleaning was (1
x 1) ‘indicating a crystalline surface, while slight change from (l x 1) to
(2 x 2) indicating a clean surface was recogni zed due to the radical

hydr ot r eat ARBHe Zn'%bélﬁ)slrm(n@seébyltﬂm Mdmgahychkﬂ'idﬁ traEgmeat@éra el ectron

t th f t f, th
yar ogen_ olrepPEe Of AEG RS Bhe 4a0eC; niRorfent SRtk ?etrr@‘n‘? O able 1 -7
Se 10C, SEAdssptioacea rérd@al&g&drotx@amnams aﬁmtnemd Rhe padical
d36, 6
Cont am nankYdiFea gy f%*ﬂ%@%q@@f%%ﬁnw“%iF%‘?‘%é’%ﬁ?ﬁ@"wﬁ@
Tr eat Gent Adsorbé&ﬂ 139 gRafiowarats; ¥secrodstpndard cpbioggidipeiar @ImWeeduced

Hydr ot r eat nent - resgﬁ?es rgt;[em 5§hpF0r: 2 % The aforenentioned anal ysis
val ues are rel at aI ues wth reference to Zn, Se, 0, C and d,
and the Se/ Zn réglrc%h nunber 20 ratios of Se and Zn. Fromthe

results shown i %)T?dﬂi@allzatﬁ)xm}iﬁﬁd 20 minutes
According to RHEED (reflection high energy electron diffraction)

10 observation, the surface subjected to hydrogen chloride cleaning was (1 x 1)
indicating a crystalline surface, while slight change from (1 x 1 to(2x2)
indicating a clean surface was recognized due to the radical hydrotreatment.
Table 1 shows results of analysis of AES (auger electron spectroscopy) on
the surface of the n-type ZnSe substrate after the hydrogen chloride

15 cleaning and the radical hydrotreatment.
Table 1
SE/Zn
Zn Se 0 C Cl Ratio Surface
C Contaminant and
1) as received 366 { 412 | 3.4 | 185 | 04 1.12 | Oxide Present on
Surface
i d
2) Hydrogen C Qcmtammant an
C)hloride 414 | 454 | 0.3 22 1108 | 1.10 | Oxide Reduced, Cl
Treatment iisor‘geg -
3) Radical 0.4 99 1.7 119 sorbe
Hydrotreatment 43.7 | 519 ) ' Reduced

*measurement error: 2 %
The aforementioned analysis values are relative values (at.%) with
reference to Zn, Se, O, C and Cl, and the Se/Zn ratios express atom number
20 ratios of Se and Zn. From the results shown in Table 1, a model
illustrated in Fig. 4 can be formed as to the aforementioned cleaning of the
surface of the ZnSe substrate.
(1) The surface of the ZnSe substrate is treated with hydrogen
chloride for removing oxides and contaminants resulting from carbon from
25 the surface by a thickness of about several nm.
(2) Thereafter the radical hydrotreatment is performed for removing
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illustrated in Fig. 4 can be fornmed as to the aforenentioned cl eani ng of
the surface of the ZnSe substrate. (1) The surface of the ZnSe substrate
is treated with hydrogen <chloride for renoving oxides and contanqggmg@k
resulting fromcarbon from 25 the surface by a thickness of about several
nm (2) Thereafter the radical hydrotreatnment is perforned for renoving -14
4 JUN 2004 Cl adsorbed on the surface of the ZnSe substrate over several

| ayers. After perform ng the aforenentioned hydrogen chl oride cl eaning and
the radi cal hydrotreatnent, an n+-type ZnSe filmwas formed and the

i nterface between the n-type ZnSe substrate and the n+-type ZnSe filmwas 5
anal yzed by SIMS (secondary ion mass spectronmetry). Analysis values of

| mpuri ti eSF‘f\%fiEoﬂatedl &Y ¢hS <GARRP loﬁt@é Zﬁ%@db@ﬁ‘a@b over sevdrat layerei ng

suf ficient ow el ectric reS|sta For, tlon of ﬁg%q%&
Concentratlon nﬁmwlﬁﬂ%%thﬁﬂ ﬁ@é‘epﬁoﬁ'ﬁi 96?%%016 {1 % Thse
Si.let rate ﬂé@k@%ﬁc ﬂh&&;{-ot%gaﬁrﬂg?@fa@fwd ?ndd fﬂm:lwl agémrmhdl(arnlddshe

cl eani ng-radi ca r ot r eat men e

i npur i tg i tntestacs %EVGI%’BE?’BW t@%P&SﬁEﬁﬁéa\?g hia?e i hg r%e sumgltn?vg%g with
beans gof Zanaga;earw ZNMI? (secdidarguiant mbys spemiupnat;rydanAnélm§ vatuas dy

controlling a cell ture of odi nent, an
n+ ZnSe fi FWH&’(H%WQ;?%PE] SVELS 8%?%“%?’%%?1%@%%%%%%? a%@??%%/ cn8 mark

can be obt auffedently dotvestpetrat xesestante.not nore than 250C. An epitaxial |ayer
having excel | e“%?ﬁ%&%@ 1515( h €2rRe d&{c@ﬁekatwcrﬁﬁf zmg Fibg ZnC12 cel |

terrperature to carr

out f|| lon at, 25 al so
when i ncrea5| ng Athe* ZaSd Bim is & Pﬁt% hg - Bﬁ)% ‘iGT tt?ﬁ'ge S%@Pq%e'fﬂ ohni c

cont $IEHIg ae'Elleafmhgimdldahaydpotmatmlenh+ type
ZnSe |Im g(;%f o%ﬂﬁﬁnp%hggﬁr%r cfnlncentrat on @ Pe %i The
et to

t hi ckness dfha h’ézﬁsﬁt@lﬁéc%@énmg AR OSLY RGP RY ]YSO to 250
nm 4. For %lu%&fougﬁﬂﬁﬂﬁaia‘tﬁxé—ﬁweﬁu}ﬁmkémvwrtb hdaenabf)Zengﬁtalndn%@l {51 m

LT 0 haseeoin ot b U AT o (e
appar at us, #AQCl,f OMb@ﬂhﬁgTb thid embsdimhent, eonagnbe il ma gymngg%gg.'lér eaft er
Form ng an c%lf'rjelr congesnttrgﬁoﬁro? ﬁ%tlo‘i%&b |31k can be obtained at a temperature
of not more than 250°C. An epitaxial layer having excellent crystallinity
can be formed by setting the ZnClz cell temperature to about 123°C and
carrying out film formation at 950°C, also when increasing the carrier
concentration to 5 x 101%cm3. Excellent ohmic contact can be attained by
20 forming a Ti film on the epitaxial n*-type 7ZnSe film, due to the high carrier
concentration of this film. The thickness of the n*-type ZnSe film is
preferably set to about 150 to 250 nm.
4. Formation of Conductive Layer
Following the aforementioned film formation, the substrate kept in
25 the ultrahigh vacuum is moved in the ultrahigh vacuum transfer path to be
introduced into the deposition apparatus, for forming a Ti film as the
conductive layer and thereafter forming an Au film as the protective film
for the Ti film as such. Thus, the substrate can be prevented from

contamination with oxygen or carbon, dissimilarly to the case of being

30 exposed to the atmosphere. In other words, the interface 4 shown in Fig. 1

can be cleaned for reducing interfacial resistance.
5. Current-Voltage Characteristic
As to a sample shown in Fig. § prepared in the aforementioned
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for the Ti filmas such. Thus, the substrate can be prevented from

contam nation with oxygen or carbon, dissimlarly to the case of being 30
exposed to the atnosphere. In other words, the interface 4 shothUHﬂwfg. I
can be cleaned for reducing interfacial resistance. 5. Current-Voltage
Characteristic As to a sanple shown in Fig. 5 prepared in the

af orenenti oned -15 4 JUN 2004 manner, the current-voltage characteristic
was neasured over the vertical direction with the nmeasuring apparatus
described in the above item1l. Referring to Fig. 5 the sanple is nounted
on a Cu/Whlock 11 through an 1In layer 9. The size of the sanple is 1 nm
square. Figs. 6 and 7 show 5 influences exerted on the current-voltage

characteri gti y E AhaR8EfPIIRNGEs Bedsheed adéxtie vertical
hydr ot r eat ?riédnl§n%f Ec %?@?%%rn%gﬁo% i [

ENt ! ygen chlori d£e cl. ani.n Bot b of, inventive and
conpar at i vdirsghiphesithgheneasung&prer &g S\%‘S@ t‘Pghg Pred“s™ “ul trani gh
vacuum tr amg riﬂ?%%‘?ig.ag t8k §a%1ﬁl€ti5 oiofted-bnza SayIW bleekvil throwmght amspheri ¢
exposure, to be 1 f&'&ged V\n{ I fi]nms and Au fiésmnglgig. n@/gfgﬂ}?@,the
cur rent - vollndaeer hal hetsisq ek the PSSR SAVR Sanpls 8778 back el ect rode
preparsed bypffieh Mg kedteddn tthp @ uirese-foltapevittaraster@ticdes or pt i on | ayer, and
thereafter formng a Ti filmand an Au_fil ' S{WSa tgeesul t of
measur ementPer “l%e@lﬂﬁiﬁ?%#?f‘%%ﬁﬁgf}gé r%(lelﬁglri?}éga%;r%aatrryi ngﬂ%t hydr ogen
chl ori de 1%hyelregeti ohloaide280xfing. t (Both ofddventivepadsompataéie, S¥BP#HSng an
n+-type ZnSe filmwith O ' AN fothe¥a it Pgh sfeTpaths m and
an Au fil mS%O)i'sn ]srh”gb&?'!%narl‘fll 3%%{%%%5]{8%%& eggglzlr%l e obt ai ned. a d
subst ant i aldfger fonmatiornceff m'eZnSe SilmsguithAnt abREFPRINE STPITHTA: thB sweepi ng
range; of - 100,BhA A TRAMa AY BlhageFEeRSR et clfeniolmgd. 21 V.
Avolt]a(ge d:tgpml n ]heT21 substrate and vol ta ener at i In
el ect rode 9:11@&ncmiségltqfrtﬁeé&vagtw&ﬁémﬁ@?88%@%%?36%5%‘& S%Wge@%S’es pectively
fLom f‘nOt h rﬁ'?ﬁ‘éf 'é%eﬂmﬁ#pe 2RY%e ﬁ'l‘ﬁxnﬁghi fio C% adstiptidrethyehaand theteadtss drop in
the el ectrode of the, oremnment,i o Ayl Tid o= ' i StV. In
t he conpar aoryang &a Wﬁ?gﬁﬁ %g'oﬁ%%%gggﬁgﬁﬁgﬁgwéﬁg%ggr bed on
the n-type Znge e%%gﬁaﬂaﬂvfeaéa&nblbflbmacedibprcafmlngtomr]nYdﬁ‘Ogmchlpl’%d;ﬁpe ZnSe

AR,y 250t BV 5 o Jom e 50 S
film with Cl adsorption, and thereafter forming a Ti film and an Au film.
As shown in Fig. 6, the inventive sample obtained a substantially linear
current-voltage characteristic within the sweeping range of -100 mA to
+100 mA. A voltage generated at 100 mA 1s 0.21 V. A voltage drop in the

20 substrate and a voltage generated in the In electrode 9 can be estimated as

about 0.05 V and about 0.08 V respectively from another measurement, and .
hence it is estimated that a voltage drop in the electrode of the
aforementioned AwTi/n*-type ZnSe film is 0.08 V. In the comparative
sample shown in Fig. 7, on the other hand, Cl adsorbed on the n-type ZnSe

25 substrate influenced on formation of the n*-type ZnSe film, to result in

Schottky contact. o
Figs. 8 and 9 show the current-voltage characteristics of an electrode

prepared by forming an n*-type 7nSe film with no C! adsorption and
thereafter depositing a Ti film and an Au film in an ultrahigh vacuum as
30 such and an electrode prepared by forming an n*-type 7ZnSe film, thereafter
exposing the same to the atmosphere and forming a Ti film and an A1.1 film
respectively. The thicknesses of the Ti and Au films are 50 nm. It1is .
understood from Fig. 8 that the electrode prepared by forming the films in
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prepared by formng an n+-type ZnSe filmw th no Cl adsorption and
thereafter depositing a Ti filmand an Au filmin an ultrahigh vacuumas 30
such and an el ectrode prepared by form ng an n+-type ZnSe fil my jijNei#after
exposing the sanme to the atnosphere and formng a Ti f|In1and an Au film
respectively. The thicknesses of the Ti and Au filnms are 50 nm It is
understood fromFig. 8 that the electrode prepared by formng the filnms in
-16 4 JUN 2004 situ with no atnospheric exposure exhibits a |linear
current-voltage characteristic, to attain ohmc contact. A voltage drop in
the Au/Tiln+-type ZnSe filmof this electrode was 0.09 V. In the el ectrode
prepared by form ng a conductive |ayer after atnospheric exposure, on the

ot her handg;in 1R fd'AIBBEpHEREd @ﬂﬁas@ﬁ*are&ﬁuﬁts stlnmamrmnt volbege but
Schottky contact _resulted as shown in

o) ed, an
el ectrode 6haxAmipEsiEpHOAFAMAREAC Cq %9’ O«L%F d}%ﬁgngﬁ‘gn '?f %‘rr@%
substrat e, 7pek@monthidlsQosde wallnod de c]]netim algetrade @aepatgedrhﬂreat ment on

its surfac formn n+- Sefl f a
conduct i ve PERYHIE %\ncg’ﬁ%‘ﬁﬁtl‘éﬁ %}éﬁﬁi e g}rce QP%%?C%}%LJJ}@ EPhrI:laa{v}?jn
extrenely lfRwcubicathadiale cﬂﬁﬁasteamtﬁ: wfas mot lingar dut fehobtky spntagh be

enpl oyed for the,bac f liquid crystal display unit of a portable
termnal f&PSWERE FFﬁE‘PV’%‘g’I’tE gr?duct ion of the nunmber of battey es.

Furt her, such elfechemiesboand drerihedp hnedestrode phokala eoaghtd® Peat a | ow
cost wi t Ot ST AABblEy FHRH 0t 021 SR AR ox h bty didon oo,

(Exanpl e 2) di ment of ent .i nvention.,is pow

descri bed. dblemp#¢ ele2ning-padicehhy jrafraatrasnt ‘E)“ 1”~'I‘?eS Wolrmerah i &PPng 20
CO”Pgb‘d BZ% ﬁﬂﬂ%g tHIBYh £ ES fAGERICA Bend Gctihelagbometiat i atmedsEdrodi ment
anpl e

and ereo except s ne. con itio E al
filmincl udixpgsare. em ke elsst ti @VV%%/%’P Ty I(Wgéa tferfa(:?%l reg&thggésﬁf Bag)él of

an n-type Z,ﬁ§€e morlaVecalasﬁ)esdmp\]Jaye& fér the bﬁ)ckhg‘ﬁtmi achiinkerystdl | mis
| denti cal ts(ﬁ %I ‘ITnJiHoS Iaa oerrt%};llja Wﬁ%ﬂﬂé?ﬁé%ﬂﬂ%ﬁﬁ&h@% éB riL@d ctidr of YR ZnSe

Substrate e Su str te formed with
the LED epij@bat of batterisas bomtlest, such elfch eg@ggﬁea@@%q IINES 1 T
S hovvnl'é n Fi gﬁan]’c}t'y at a low cost without remarkably changing the conventional
fabrication method.
(Example 2)
Example 2 of the embodiment of the present invention is now
described. Example 2 is basically similar to the methods of fabricating
20 compound semiconductor devices according to the aforementioned
embodiment and Example 1 thereof, except some conditions.
(1) First, an LED epitaxial film including an emission active layer etc.
was formed on the surface of an n-type ZnSe substrate, as shown in Fig. 10.
This epitaxial film is identical to the multilayer film on the surface of the n-

25 type ZnSe substrate shown in Fig. 1.
(2) Then, the n-type ZnSe substrate formed with the LED epitaxial

film was bonded to a glass substrate with wax 25, as shown in Fig. 11.
Then, the back surface was back-lapped by a thickness of 250 pm.
(3) Thereafter etching was performed with a solution of
30 K,CrO:/HzS04, in order to remove distortion introduced by back-lapping
(Fig. 11).
(4) In order to form an epitaxial film on the back surface of the n-type
7nSe substrate, the wax 25 was dissolved with acetone for detaching the
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Then, the back surface was back-I|apped by a thickness of 250 m (3)
Thereafter etching was perforned with a solution of 30 K2Cr O7/ H2 I n
order to renove distortion introduced by back-lapping (Fig. 11 wli}?‘ In
order to forman epitaxial filmon the back surface of the n-type ZnSe
substrate, the wax 25 was dissolved with acetone for detaching the -17 4
JUN 2004 ZnSe substrate fromthe glass substrate. Further, ultrasonic

cl eaning was performed with acetone. (5) The ZnSe substrate was nounted on
t he substrate holder as shown in Fig. 3, in order to formthe epitaxial
filmon the back surface 5 thereof. A gold foil nenber was inserted between
the n-type substrate and the substrate holder, for protecting the LED
epitaxi al ¥inSmamsthee fsunftaeazlasdeukstdatenp Bmsher, njiraseaid dpanigeVas)
contact. (6) Jhen, tggtacfgéerrentioned n-type ZnSe substrate was nounted on
the hydr og@RTORTASH B € Nent apparatus 32 of the treat nqi apparatus 10
shown in Fig. 2(5pfHe fndeoghstoteorisimamipd 88 t(hlBiSrUélSt’é?rtégfﬂl ﬁggep) was
per f or med e S P4 kMg itk baslogsurfages .
pressure: %p‘%wf’o‘-“?%ﬁf ﬂé})c |n%r¥ta?]?rle§}_{bge()ﬁlg1é}ggt es bstrate terTP rature:
225C 5 (7)th@temfeafignld foid g ehﬁfr@ﬁilaﬁ%ﬁeﬁ-%ﬂée&rsﬁgéné SURATRES noved
into the N%%daﬁﬁeaé@&s@m%%&méﬂlfgflpm@cuhgrtaeimnmmmmhmmhepat h 31 in
t he apparatus _shown 1 n _Fi . A radi cglsngé}grotreatrze (second cleaning

/ Fig. 2
step) was cawfacedierangimmemsntingLxeg e jected to ‘Q%dr ogen
chi ori de et chi ngeyiThnt Hes &AebeRkitGaEGan tenmZpBosubettatn MasoTBEEbON

apparatus 33. Conditio for the radical r WS
hydr ogen pr slmc&_ogqn gﬂ%@;cge EIFSF‘meQ ?Bgﬁfz)&gi‘égﬁfﬂ%}vﬁ? ?atf%%ﬁ‘\:/\/%g%%ﬁu?at e
t enper@t ur eshoddbG Fig. <htamenity diogen chbomde at@sDQSE\‘%)CIWg#?%} WaA n+-type

the WBE appsiiactdn e hafRicu floe ARG (BRI B AR B O i o
filmformng stegns pressure: Ppe 10 Torr
etching time: 20 minutes
substrate temperature: 225°C
15 (7) Thereafter the aforementioned n-type ZnSe substrate was moved
into the MBE apparatus 33 through the ultrahigh vacuum transfer path 31
in the apparatus shown in Fig. 2. A radical hydrotreatment (second
cleaning step) was carried out on the n-type 7nSe substrate subjected to
hydrogen chloride etching with the radicalization gun provided in the MBE
20 apparatus 33. Conditions for the radical hydrotreatment are as follows:
hydrogen pressure: 1 x 10 Torr
radicalization power: 100 W
substrate temperature: 225°C
treatment time: 20 minufes
25 (8) Thereafter an n*-type ZnSe film 3 having a high carrier
concentration was epitaxially grown in the MBE apparatus 33 with the
MBE apparatus as shown in Fig. 12. In this film forming step, the n-type
7ZnSe substrate cleaned through the aforementioned first and second
cleaning steps were simultanecusly irradiated with beams of Zn, Se and
30 7ZnCle. The conditions for epitaxially growing the n*-type ZnSe film 3 are
as follows:
substrate temperature: 220°C
thickness of n*-type ZnSe film: 200 nm
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ZnSe substrate cleaned through the aforenentioned first and second

cl eaning steps were sinultaneously irradiated wwth beans of Zn, Se and 30
ZnCl2. The conditions for epitaxially growi ng the n+-type Znsé fUNTBRL3 are
as follows: substrate tenperature: 220C thickness of n{-type ZnSe film
200 nm-18 4 JUN 20R 1019 Ir n-type inpurity concentration: 5 x M3 (9)
Thereafter the aforenentioned n-type ZnSe substrate was introduced into

t he deposition apparatus 34 through the ultrahigh vacuum transfer path 31.
As shown in Fig. 13, a Ti EEm5 was forned on the n+ 5 type ZnSe filmby 50
nm Then, an Au filmwas deposited on this Ti film5 by 50 nm for
obtaining an LED simlar to that shown in Fig. - 1. (10) Wen neasuring an

operating vol taﬁ&aﬁ?‘iﬁi;ﬁﬁiﬂ)ﬁ @ice fasHNOG  MOt/B@LED fabricated through the
af orenent i oned od, .t S possi bl e to, qbtali ite i romthe LED
g‘?% .eafe@fteﬂrﬁﬁg 31!?%"95%%%%‘34 ’E‘%ﬁe M%%bsﬁtﬁé‘%%%é provi de an

at a | ow val ue -
el ectrode pftrodmicd ERotthetdepayitivg @pparateoftabroughhthatltrnhogh vheuhnck

surface of the_.n-type.ZnSe substratsa, en i i t
backl i ght bransfey %%‘IRH‘Q’?T ygi5 érma’inslﬁl ESF \i\gnl""tﬁg@ ll%srkgérl% .g%ﬁ%écfglr_ltrﬁﬁﬁa “such as
a por gabl ety BpBeddm bp&0mmbeMheh, anebeddar Vabaﬁp@m‘téé ogdhipdifdaueed due

to a | ow operaling.vo : . Jalapy Yefadl |.ye of the
portable t Y %’ﬁlef%x}i’l%%g&lnfgzgng'?rpglerﬁ?ﬁ%:?g%ed. ‘gf%gha%%énemioned net hod

of formng an elE)tWite weashnng anopreretingnvaliage g EEGFIO8N - t ype
ZnSe subst gl EEM&&B%&J&@B&&R%X aFbraphéntaditbd manhbe, it eadd possilslertoed out

ot oduct | onobTHArERSedigtiHEBoMFOIRD Seb i 8f 250V dov e S aFARe i
f abr ijgat ed o4y fu@iblefthigtbereatleatadbiofohyiielcdntdas lzonngiablovecdrdact
At hough t et Eaerr Crhbark Peranast Teef-ee T ELut T Lot rated n
detail, it is clWhehappigiershiobEhes thébaskdighti of Hiiquid cofstal diselatati on
and 25 seapa o daRbiE bl sl S BRI nOR GbS ek O o
the appendedesdaaiyimtteries can be reduced due to a low operating voltage and hence
15 the commercial value of the portable telephone or the like can be increased.
The aforementioned method of forming an electrode of ohmic contact on the
back surface of an n-type ZnSe substrate, which 1s remarkably simple and
can be readily carried out in the aforementioned fabrication apparatus, 18
suitable for mass production. Therefore, the compound semiconductor
20 device can be fabricated in high efficiency with a high yield, to contribute to
introduction of a low-priced LED having high performance into the market.
Although the present invention has been described and illustrated in
detail, it is clearly understood that the same 1s by way of illustration and
example only and is not to be taken by way of limitation, the spirit and
25 scope of the present invention being limited only by the terms of the

appended claims.
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4 JUN 2004 WHAT IS CLAIMED IS: 1. A nethod of fabricating a conpound

sem conduct or device conprising a substrate cleaning step including: a
first cleaning step of heating a conpound sem conductor substrat)gy 2004)
containing a first conductivity type inpurity in a tenperature range of
not nore than 2500C for etching with hydrogen chloride to deposit chloride
on a surface of the substrate; and a second cleaning step of performng a
radi cal hydrotreatnent, in which the surface is processed with activated
hydr ogen RHATr agliccalyErattEon, on sai d compound sem conductor substrate (1)
et ched vvith hydr ogen chl ori de and havi ng chl ori de deposited on the surface
under cpndltkon gf ftg nper a unreaog o an %gg | Sth ovnductor su.bstrate
of 250 C, ‘after ‘sai cléani®ng, “¥6°F Ctﬁ T of T 'de® dep68iTéd Bn

t he surfa%@SBJFattehél%%Hﬁlﬂr%teé 1’231‘1% ‘met hod of fabricating a corrpound

sem conduct or deviicetacizanthgtet @fcheadting a tundgduen coapeidicag: sabsomgreund

sem conductqr ctgﬂtlamli i RO st @&&Et?@t&aﬁ}}p’él .Il.ryplg.‘r E)W:Jﬁga atemﬁQme'ledrange _
seni conductor f onduct i vit inpurity in

sai S Y
a hi gher concent“foétel on gg&no%lsgl d CS%’gu‘ﬁﬁthséh CORAURY8F % é Fafe on the
surface ofc@and%ﬁﬁpﬁLﬁ?deéoﬁﬁtfué‘fktﬁtrétﬂ)s?’r‘“éte (1) cI eaned at said
second cl eani nga sieepnd anéaairgontkic bif vig=réb adilngod erabii tam hedrmthgasteap, of

formng a condugwﬁ@chec!h%cwﬁqgefl | prdReséd wqeh sak dv £QaPRNId Sem,conduct or

;::Lg}_ d|3n Tnihedlg%? iza égg'cg_grga!l a;[:émngurtlcl; gsgrrjprrcé)ﬁ: uctlso%mgu OndUCt O(rlbd V'hcg with

seni condudtyéilmﬁq ﬁﬁi%%ﬁen@%ﬂléwr‘@nﬂh@cﬁlﬂe cEREvCER Vv épéc%"tféﬂ%e fUPHRA fPor mi ng
step W t hidonsititivraot enpemngdraters afgend katpduhe-{epnpeidattse sobstsaitd ednpound

sem CO“dUCés%ﬁ’cSLH}%EEaéa%d' §1zr.§Qt cf&&@m} h@Q 123%9@@ thé ctﬁ@?:.(ﬁ@atdQQ@thed on the
fabricati ng corggo Str gn uctor device according to claim2, wherein
[

treatments 1'n°sai Second cleaning steps, said corrpound
sem conductor film for m ng st ep and said conductive electrode filmformng
step are conti nuinusleyh@APET Bbrotitingt davhp@xposimigondaitdr clevporindcording

sem conduct Pl subst rat.entp dhg-Alingsphere. 5. The nmethod of fabricating a

corrpound sem con é'lo(r:ntpgtrmcges\elllnfceongggt%l;cd%ﬂgn forming step of epitaxially growing a

compound semiconductor film (3) containing said first conductivity type
impurity in a higher concentration than said compound semiconductor
substrate on the surface of said compound semiconductor substrate (1)
cleaned at said second cleaning step, and

a conductive electrode film forming step of forming a conductive

electrode film (5, 6) on said compound semiconductor film.

3. The method of fabricating a compound semiconductor device

according to claim 2, carrying out treatments in said compound
semiconductor film forming step and said conductive electrode film forming
step within such a temperature range that the temperature of said compound

semiconductor substrate is not more than 250°C.

4, The method of fabricating a compound semiconducter device

according to claim 2, wherein treatments in said first and second cleaning
steps, said compound semiconductor film forming step and said conductive
electrode film forming step are continuously carried cut without exposing

said compound semiconductor substrate to the atmosphere.

5. The method of fabricating a compound semiceonducteor device accerding
to claim 2, wherein treatments in said first and second cleaning steps,
said compound semiconductor film forming step and said conductive electrode

film forming step are carried out in respective treatment chambers of a
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to claim2, wherein treatnments in said first and second cl eani ng steps,

sai d conpound sem conductor filmform ng step and said conductive el ectrode
filmformng step are carried out in respective treatnment chanbgrgNgitia 20
4 JUN 1M treatnment apparatus having a plurality of treatment chanbers (32,

33, 34) coupled with each other by an ultrahigh vacuumtransfer path (31)

respectively w thout exposing said_conpound sem conductor substrate to the
at nospher Er%aéf“ﬁ%"er‘?‘@a’f?fuﬁr]éaa‘ilﬁﬁnﬁ SIB TR BT TSt FaBriCat 719 *ar c¥ipound
sem conduetwrledevitbecadcortbmygy 4o uétmhpull vaghary aransterdedtbr $31)cl eani ng
st Iep [ so/caégpieedimty undent $Bditd @Asd Qt:m%cﬂ%uﬁ?@&ni@@rﬁﬂl@ﬂ@f\tsﬁbg’%raietﬁb 20e
vol unme % St.0 an gas pressure of 1 x 10-6
Torr to 19%0?%3%}%?%&% gﬁjh%tﬁ%%ﬁ%?%f fabricating a conmpound
sem conductor device according to claiml1, wherein said radical
hydr ot r eatfent Time gaikdods @ ofebrét®dniong cospemd sengapndw@dondevipeleiccording
condi tionst P18 1hysiogen fLaSEUEE OfcaBing 1oy isTOIMTit@® cutXurdddx4 Torr, and
(b) radi Caédn%%iog% ROV, gs %ngo%eing W58, I{?%ﬁﬁ@i“%‘j Plachalld Gating 2
conpound sem conductor device according top claim?2, mﬁgrel n sai d conpound
sem conductoPasusetr fe 9¢1)P5eEsent ALty FelV ZHSET Sitbdt* dle EOfftai ni ng an
n-type inpurity of at least 1 x 1017/cnB, said conpound sem conductor film
(1 8)19}5 me;n 'ﬂ."‘at ypRe nzeﬁgd fole fH}:ﬁQF‘éﬁin@ng:oﬁ?QL}?lﬂt %@ﬁcbm%u;r_ t%)?l)’deQﬁ_cf-tqctzS?@itngl X
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film has a Ti film (5! in contact with said n'-type ZnSe film and a

protective film (6l) protecting said Ti film.

9. An apparatus for fabricating a compound semiconductor device,
comprising:

a gas treatment apparatus (32) performing etching on a compound
semiconductor substrate (1) using hydrogen chloride at a temperature of
not more than 250°C to deposit chloride on a surface of the substrate;

a radical treatment apparatus (33) performing a radical
hydrotreatmenf on said compound semiconductor substrate at a temperature
of not more than 250°C to remove the chloride deposited on the surface of
the substrate;

a film formation treatment apparatus (33) forming a compound
semiconductor film on the surface of said compound semiconductor substrate
cleaned by said radical hydrotreatment;

a conductive film forming apparatus (34} forming a conductive film
on said compound semiconductor film; and an ultrahigh vacuum transfer path
{31) coupling said gas treatment apparatus, said radical treatment
apparatus, said film formation treatment apparatus and said conductive
film forming apparatus under vacuum atmosphere to allow said compound
semiconductor substrate to be transferred between each of said apparatuses

in the vacuum atmosphere.
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11. The apparatus for fabricating a compound semiconductor device
according to claim 9, wherein said conductive film forming apparatus (34)
forms at least one of a Ti film (5} and an Au film (6) on said compound

semiconductor substrate.
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