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T D SEM CON SEM CONDUCTOR HEAT- TREATED BY
THE P GROUND OF THE) O\ng\lg ? &l P of the Invention The
pr esent elates to a process; of and an apparatus for heat-

treating co oun sem conductors and a conpound sem conduct or heat- 10
treated by t é5 process, and nore particularly, to a process of and an
apparatus for heat-treat conpound _sem _conduct or s (expressed by

the group in the Peri OBMQESS@FMDGAPPAR\A TE8rAdBnd seni conduct or

heat-treated by the process. Description of the Background Art 15 Zinc
sel eni de (ZnSePREBAREATINGeM (Vi COMPOUND BREMICONDBIATERSI ng atten-
tion as |aser diodes or light-emtting diodes (LEDs) that emt
short-wavel ength [|jght such as bl ue, een, and bl uish green. These
light-emtting devices can be produ on a gallium arsenide (GaAs)
substrate, which is nmade of a material different from ZnSe. However, to

increase the cr pEMICONDYCHOR RS- EREATER BY SHE PROGESSd on a

‘substrate and to inprove the device property, it is desirable
5

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a process of and an apparatus for heat-
treating compound semiconductors and a compound semiconductor heat-
10 treated by the process; and more particularly, to a process of and an apparatus

for heat-treating II-VI compound semiconductors (expressed by the group in
the Periodic Table) and a II-VI compound semiconductor heat-treated by the
process.
Description of the Background Art
15 Zinc selemide (ZnSe);based ]ight-emitting devices have been attracting atten-
tion as laser diodes or hght-emitﬁng diodes (LEDs) that emit short-wavelength
hight such as blue, green, and bluish green. These light-emitting devices can be
produced on a ga]]iuin arsenide (GaAs) .substrate, which is made of a material
different from ZnSe. However, to increase the crystallinity of a ZnSe-based thin
20 | film formed on a substrate and to improve the device property, it is desirable
that the ZnSe-based thin film be formed by homoepitaxial growth on a ZnSe
substrate. |

Recent years have seen the development of technology for producing a white
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that the ZnSe-based thin filmbe forned by honoepitaxial growh on a ZnSe
substrate. Recent years have seen the devel opment of technol ogy for .
producing a white *@0001* 2 LED by a novel concept in which white |ight
is obtained by mxing short- wavel ength2light. enmtted by an active |ayer
formed on a ZnSe substrate and |ong-wavelength Iight emtted by the ZnSe
substrate itself excited by the light em ssion of the active layer. In the

case of WEDWSYt£ ddwll dohnckpt %ﬁsﬁﬂiéhamstrgf@ta} gﬁ] ﬁébiés?trate f%éprt

utilizing the light em ssion of the s L ChoTsups o S e
ate i s us as
ot - enta Eéﬁ%fhikéﬂ*? BT, T SRl ooy OF omaed on ndnfiw sebstiote and
I mproving the VI ce ert is essential to increase the el ectrical
conduct i g‘i’xf%/wabie ﬁ E gt@drh;sﬂse ZuSeysubstratedtsulbexdieéEby haaidit,

conventional ZnSe bulk single 10 crystals produced by the phy5|cal vapor
t r anspor en(iRdoh afghbettaedaybe Igrtietase o b wh@ LI e Havgsit & ysea

resistivities because they are undoped I(no do- nor | rrpurl tl es ?rtereatl ng "
The rmesi i tal. can (] :
in a $ankll%r§é%tsgﬁ}é\t% féggrrpi ]ﬂgftﬁ?ﬁlg‘ﬁ ﬁld’nh‘%ethﬁe%ﬂ’ g’r‘ﬁﬁd by G Jones
and J. 15,Wods i.n I ncj.uded in J. Phys. Vol. 9, 1976 on pp.

799- 810. A@%B‘rﬁ?PH{f 158? e ZnSeisubstrate isused agribe subyitatb fachs as

a doper urity, and the concentratlon of Zia vacanci es decreases
concurr eliggtremlllﬁ@sg dshaer ensingglify the structure of the device for i improving the

device property, it is essential to increase the electrical conductivity, or de-
crease the resistivity, of the substrate. However, conventional ZnSe bulk single
10 crystals produced by the physical vapor transport (PVT) method and the grain
growth (GG) method have high resistivities because they are undoped (no do-
nor impurities are doped).
The resistivity of a ZnSe single crystal can be reduced by heat-treating it in a
Zn-Al melt. An example of this method has been proposed by G. Jones and J.
15  Woods in a paper included in J. Phys. Vol. 9, 1976 on pp. 799-810. According to
this method, Al diffused in the ZnSe cryétal acts as a doner impurity, and the
concentration of Zn vacancies decreases cohcurrently. These phenomena can
increase the activation rate of the Al and the concentration .of the n-type carri-
ers. As a result, the targeted resistivity can be achieved.
20 However, this heat-treating process cannot prevent the melt from adhering
to the ZnSe single crystal at the time of cooling. Consequently, the stress
caused by the difference in thermal expansion between the ZnSe and the melt

increases the dislocation density of the ZnSe single crystal, notably decreasing



I ncrease the activation rate of the Al and the concentration of the n-type
carri- ers. As a result, the targeted resistivity can be achieved. 20
However, this heat-treating process cannot prevent the nelt from adhering
to the ZnSe single crystal at the tine 8f cooling. Consequently, the stress
caused by the difference in thermal expansion between the ZnSe and the nelt
I ncreases the dislocation density of the ZnSe single crystal, notably
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produced by this process poses a pr emo

this pro e nt 2839027 has di sclosed a process in which a
ZnSe gi n Ogg%:?jglt%y&%ao\%?@nﬁﬁe UEPORi I mforned on its surface is placed
5in a herpetically.sealed quartz container to be heat-treated in a zinc
vapor at nospH¥tee thif prehleweskapsmese upieet 288602 1 dtasbllisclozed eapeoddds in

di sl ocation den- sity for a substrate having a dislocation density of at

| east 5 Xvligh xFnSebihgeerystat haoais AtB#H ABRlm fb‘?ﬁﬂ%\fgﬁr ittg Eh?fa%@?g Efasceﬁas a
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problemin that the dislocation density increases I'ncrea

t hi ckmessnof i e r.at e havi hi gher .crys- tallinity
with smaller H(?Pglleﬁ:dgtﬂlyl O%\éﬁ&\éﬁs %t?;& %ﬁlga&ppf rtgzifeegl%aﬁ'&g?at?ﬂemsén@n&dfﬂﬂor
tions. when a substrate having a dislocation density of

ML e Sﬁﬁ““’]@f#%}" oca
less  t hAHSSRIGHs:. IPEeSSLER FURP eSS Ahe motahleanirapse inhdislonation afenat
| east 40 nm_the dislocation density increases. This increase can be

pr event edit¥Hen a substmatskhaginges sligdbcatien Aentity rofi 4t 1dast §ase€d! cHp™Mp¥fre the
carrier density of the ZnSe sub- strate after the heat-treatnent depends on

the thiclRepgaptrdditdile. f1!1m before

However, this process has a problem in that the dislocation density increases

10 with increasing thickness of the Al film when a substrate having higher crys-
tallinity with smaller dislocation density is heat-treated under the same condi-
tions. More specifically, when a substrate baving a dislocation density of less

than 5 X 10?cm™is used for an Al film having a thickness of at least 40 nm, the
dislocation density increases. This increase can be prevented when thé thick-

15 mess of the Al film is decreased. However, the carrier density of the ZnSe sub-
strate after the heat-treatment depends dn the thi.ckness of the Al film before

the heat-treatment. Therefore, when the thickness of the Al film is decreased,

the carrier density decreases and the resistivity of the ZnSe substrate increases.
More specifically, according to the conventional process, when the thickness of

20  the Al film is decreased to less than 40 nm, the carrier density decreases to at

most 6 X107 cm3,

In other words, the conventional technology has a problem in that when the

thickness of the Al film is increased to reduce the resistivity by increasing the



the heat-treatnent. Therefore, when the thickness of the Al filmis
decreased, the carrier density decreases and the resistivity of the ZnSe
substrate increases. More specifically, according to the conventi onal
process, when the thickness of 20 the At filmis decreased to | ess than 40
nm the carrier density decreases to at nost 6 X 1017 cm 3. In other

wor ds, the conventional technol ogy has a problemin that when the

t hi cknes f syl ed 10 reduce e,resjstivity by

i ncr easi %89{1 ﬁ{ehgnﬁggrﬂrﬂrere@l echglfb &quﬁt@’ e §?%%?t?15£ &’éar?s?]:’(ey hlﬁt?%%?s‘éfsth&nd
when t he t knes t{a Al frI |s,decreased to reduce the dislocation
densi ty é?r 19 yedmce %%ﬂ@?amm deasitygthéearser stensityyde-SUN
MARY OF THE | NVENTI C]\l 5 The present invention ains to solve the

above- deStedsgsdinsroasiogsheAesisjvétyt. of the present invention is to offer a

process of heat-treating Il -VI conmpound senmi conductors for reducing the
el ectrical resistivity w tdgnniArey dae Z bg\gallinity resulting
fromthe increase in dislocation densrty ot er Jject is to offer a Il

- Vi npo noluct r _heat - ed by the process. Yet 10 anot her
obj eg{? |su:FH i’?g; an apparatials % erahoyerdrscribedgroblameuta obgerit -

conduct Oéf by the foregoi ng process. A process of the present invention for
heat - t r e8t Ry Present| inyerpionnis tocoffer a grdoessoofshestrpeatieg TheVIf edhpwing
steps: (a) pI acing at least one Il -VI conpound sem conductor in contact

Wi th al usechfcofidietdrsforardd®Ring &E@tehé&n%QP?'QSEnOﬁV' IR ti\reshgc%egger tlﬁatce
formed by at
crysta]linity resulting from the increase in dislocation density. Another object is
to offer a II-VI compound semiconductor heat-treated by the process. Yet
10  another object.is to offer an apparatus for heat-treating I -VI compound semi-
conductors by the foregoing process.
A process of the present invention for heat-treating I-VI compound semi-
conductors comprises the following steps:
(2) placing at least one II-VI compound semiconductor in contact with alu-
15 minum in a heat-treating chamber having the inside surface formed by at
least one material selected from the group consisting of pyrolytic born ni-
tride (pBN), hexagonal-system boron nitride (hBN and wBN), sapphire,
‘alumina (ALO,), aluminum nitride (AIN), and polycrystalline diamond; and
(b) heat-treating the I1-VI compound semiconductor or semiconductors in a
20 gaseous atmosphere containing the group II element constituting part of

the II-VI compound semiconductor or semiconductors.

In the above description, hBN denotes low-pressure phase boron nitride having

a structure similar to hexagonal-system graphite, and wBN denotes boron ni-



| east one material selected fromthe group consisting of pyrolytic born ni-
tride (pBN), hexagonal -system boron nitride (hBN and wBN), sapphire,
alum na (A128), alum numnitride (ALN), and pol ycrystalline dianond; and

(b) heat-treating the Il -VI conmpound seni conductor or semiconductors in a
20 gaseous atnosphere containing the group Il elenent constituting part of
the Il -VI conmpound sem conductor or sem conductors. In the above

descri pt txide Hﬁ&g&rlﬂémoh%?ét%ﬁblﬁﬁtﬁ@@%r&%W nitride having a
structure simlar to hexagonal -system graphite, and wBN denotes boron ni 5

tride havi l-system.wurtzite structure. According to the

heat - t reatI?%é)?pr Zggﬂgfh & g@?grﬁr%ﬁ%ﬂ{ itﬁ?l PIGRERY Y veatiqn, gomprisyg ng
steps, the i.nside surface of the heat-treating chanber is formed by at

| east on IERPHIE stapse the 1nsigm swréacsr of thechaai-tteiatipgoéh pBher iBForm&N, 5
sapphire, Al 2G3i AN, and polycrystalline dianond. These materials are
stabl e by at eastemte tuatatinhgeleetadefratiitits gRiud E1RAEAL bY pBNEBRE ENW th a

Il -VI conpound seni conductor, and do not contami nate the I'l' -V compound

sem 5 COogsP{sHiP 1 ApRUL LRI ept | i ncrease jn the unt
of aluni- num %’oﬁrﬂzg{%’t %gﬂgq t[ahe Igta?’?rggg;ﬁggl%t(ﬁén%/qn&-'bleh%ﬁ?rﬁﬁgg%a%e?ﬁec%ﬁgﬁt or
does not t1(2 iﬁrea&e he nunber of crystal defects in the sem conductor
during the he Heatfrea nfemperafures are chemically nemraactive sithriandir ¥an be

doped into the semconductor for reducing the electrical resistivity
wi t hout cbeupeasd mentibendedtystaid idol Aot cotfinfifate theali-Ne RLAFRIH TBNi-

further conprise the step of evacuating the

conductor with impurities. Consequently, the increase in the amount of alumi-
num contacting the surface of the -Vl compound semiconductor does not
10 1ncrease the number of crystal defects in the semiconductor during the heat-
treatment. As a result, a large amount of aluminum can be doped into the
semiconductor for reducing the electrical resistivity without decreasing the
crystallinity.
The heat-treating process may further comprise the step of evacuating the
15  heat-treating chamber with a vacuum pump prior to the step of heat-treating
the II-VI compound semiconductor or semiconductors. This evacu-ation can
remove gaseous impurities remaining in the heat-treating charhber to prevent
generation of crystal defects in the semiconductor or semiconductors.
The heat-treating process may also be performed by forming an aluminum
20 film on the surface of the II-VI compound semiconductor or semiconductors.
The formation of the aluminum film increases the contacting area between the
semiconductor or semiconductors and the aluminum. As a result, the amount of

the doped aluminum can be increased.



15 heat-treating chanber with a vacuum punp prior to the step of
heat-treating the Il -VI conpound sem conductor or sem conductors. This
evacuation can renpbve gaseous inpurities remaining in the heat-treating
chamber to prevent generation of cryst@l defects in the sem conductor or
sem conductors. The heat-treating process nmay al so be performed by form ng
an alum num 20 filmon the surface of the Il-VI conpound sem conductor or

sem conducThE foreghiieg hRIMPAUANIRA b D% hal 8 (M ddsB NG ;?@6; G t e

contacting area between the sem conductor or sem conductiors and the

al um num sult.. the amount of . the doped al.um num can_be_increased.
6 The for@%gﬁg\%aetéﬁgﬁmgnﬁqcleﬁ? Y Iﬂi@%q%f Pﬁ?@}gﬁﬁlgésg%fpﬂfcmg s dhgpheatne
heat-treating process may also be perfornmed by placing in the heat-

treat i ng ek chapber| two/ I c¥hrsompoundnsenintnduotarshhavimg an alumminumn
filmon their surfaces such that the alumnumfilns are in contact with

h 5 Heah SAHER ap@m%% . . f 660
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The heat (-){hreiati ng process nmay be perforned by cooling the heat-treated Il -
Vi corrpouncfg sem conductor or sem conductors at a rate of 1 to 200 ¢ mn. 10
The foregojng cooling of the heat-treated Il -VI conpound sem conductor or

seni conduckkg beﬁﬁymﬁgmﬁmﬁm nerfpmoed di agtemparhtuteaf 660 ealj20§ ¥hanber a
portion having a tenperature |ower than that of the sem conductor or

sem con- delgd Béﬁt-?ﬁéa%nfe%t]rggy Gso be performed for 1 to 800 hours.

The heat-treating process may be performed by cooling the heat-treated 1I-
VI compound semiconductor or semiconductors at a rate of 1 to 200 °C/min.

10 The foregoing cooling of the heat-treated II-VI compound semiconductor or
-semiconductors may be performed by providing in the heat-treating chamber a
portion having a temperature lower than that of the semiconductor or semicon-
ductors by 1 to 100 °C.

The 1I-VI compound semiconductor or semiconductors to be heat-treated by

15 the heat-treating process may be made of ZnSe.

A II-VI compound semiconductor of the present invention is heat-treated by
the following steps:
(a) placing at least one II-VI compound semiconductor in contact with alu-
minum in a heat-treating chamber having the inside surface formed by at
20 least one material selected from the group consisting of pyrolytic born ni-
tride, hexagonal-system boron nitride, sapphire, alumina, aluminum nitride,
and polycrystalline diamond; and

(b) heat-treating the II-VI compound semiconductor or semiconductors in a



The Il -VI conpound sem conductor or sem conductors to be heat-treated by

15 the heat-treating process may be made of ZnSe. A Il -VI conpound .
sem conduct or of the present invention is heat- treated by the follow ng
steps: (a) placing at |l east one Il -VI @onpound sem conductor in contact

with alu- minumin a heat-treating chamber having the inside surface forned
by at 20 |east one material selected fromthe group consisting of

| um na,
rolytic Bolis dthddi®helEBHP: £ bor |tr| e, sapphire, a
g%/um num n?ﬁsl de, andc%%pg l'ycryst : Iéx E rangln 92 )CORSHtURPg R pft he

- ijlg'ilgm conduct or or sem conductors in a 7 gaseous atnosphere

cont al n| n Lfﬁ’nPIPO‘éIIl pemdcavhetor or semiganductdrs, t he 11 -VI conpound
sem conductor or sem conductors. The 11 -VI conpound sem conduct or

tration of
heat - t r eat'€He bY -Wh &:ohsys AARY B8mS$E B he A4S um concen

1 X 1016 to 5 X 1020fngsm3 and aoglm;ﬂcoca-e‘g‘a{ﬁ aﬁ%@%iﬁ?? T$HEORS ﬁEf‘é’tSAIBaX 104
cm2in éhe reg n fromthe main surface to a depth of 300 ji m An

t ugagf ah ‘HP&%‘HMW@‘MT&M pbl heal0't test Mnglo®! crV a6@ a6k a-
22%@2‘3”3““ ors conprises a heat-treating chanber for encasing at |east one

1 ' de s rface of
Il 5V tionpdemdtys effiat aResE 5O 1P Be? hgahetle ol astde
the 10 heat-treating chanber is formeggby at %E &5 el gAlai&tQCEed
fromthe LOu 36(8“5' sting of pBN, hBN, wBN, sapphl re, Al1203, ,an
pol ycrysiké‘?‘ilﬁ?g i ARbnd.

An apparatus of the present invention for heat-treating I1-VI compound
semiconductors comprises a heat-treating chamber for encasing at least one II
-VI compound semiconductor to be heat-treated: The inside surface of the
10 heat-treating chamber is formed by at least one material selected from the
group cohsisﬁng of pBN, hBN, wBN, sapphire, Al,O,, AIN, and polycrystalline
diamond.
According to the apparatus of the present 1nvention, the materials forming
the inside surface of the heat-treating chamber are stable at the heat-treating
15  temperature, are chemically nonreactive with a I -VI compound semiconduc-
tor, and do not contaminate the II-VI compound semiconductor with impuri-
ties. Consequently, the apparatus can suppress the generation of dislocations in
the II-VI compound semiconductor during the heat-treatment. As a result, the
apparatus can produce II-VI compound selniconductors having few crystal
20  defects and low electrical resistivity.
The heat-treating chamber of the apparatus may be provided in it with an

isolating member for isolating the 1I-VI compound semiconductor or semicon-



According to the apparatus of the present invention, the materials formng
the inside surface of the heat-treating chanber are stable at the
heat-treating 15 tenperature, are chem cally nonreactive with a 11 -ViI
conmpound sem conduc tor, and do not conB8am nate the 11-VI conpound

sem conductor with inpuri- ties. Consequently, the apparatus can suppress
the generation of dislocations in the H -Vl conpound sem conductor during

t he heat ' u e ar aj,us can produce 11 -VI conpound
seni condfé{cgfﬁssnﬁg% rﬁ;ﬁ}’ ‘Z“vé; gl?yé{eg? éﬂZBlaggﬁé& ﬁbeaﬁalqeoﬁzeat-m%phamben
resistivify. The heat-treating chanber of the apparatus may be provided in
it with &A¢ 8T88Pall riementbaonstitutingl itng the séinicoddur®sP oY e miconduc-

sem conductor or semcon 8 ductors froma group Il elenment placed in the
sanme heatotg eating chanber, the group Il elenent constituting part of the
sem conductor or sem conduc- tors. In this case, the isolating nenber can

prevent t [. -Vl ¢ ound.sem copn- 5 ductor or sem conductors from
cont act i ngﬁ% k}élsg(iagﬁp%qﬁs@r%ﬁ%%pe peduerevant thendl ddcearapeund semicon-
cr ystél I idni ty of the Il -VI conpound sem conductor or semicon- ductors can
be prievedtethr ckheemsicohdaetoas fidiB coffldin ﬂlé'?}‘mfﬁ ey 0 | east
one material selected fromthe group cog1nsi sting of pg%fexﬁé%?ﬁ%g%?exﬁﬁy,
sapphire LALN, 10.and polycrystalline. djianond. These materials are
stabl e a¥h¢ﬁ§%‘*€5€}PF@&%‘@J@D&&?&&%& iR I copp e pemicopdugtm emstinieonwi t h a
Il -VI conmpound sem conductor, and do not contam nate the
ductors can be prevented.
The surface of the isolating member may be formed by af least one material
selected from the group consisting of pBN, hBN, wBN, sapphire, Al,0,, AN,
10  and polycrystalline diamond.
These materials are stable at the heat-treating temperature, are chemically
nonreactive with a II-VI compound semiconductor, and do not contaminate the
II-VI compound semiconductor with impurities. Consequently, these materials
enable the production of I-VI compound semiconductors having low electrical

15 resistivity without reducing the crystallinity.

The apparatus for heat-treating II -'VI compound semiconductors may
further comprise a box enclosing the heat-treating chamber. The box can be
evacuated with a vacuum pump to reduce the pressure in the heat-treating
chamber.

20 According to the present invention, the employment of the foregoing structu-
re enables the suppression of the chemical reaction between Al and quartz

while a II-VI compound semiconductor such as a ZnSe crystal is heat-treated



Il -VI conpound seniconductor with inpurities. Consequently, these

materials enable the production of Il -VI conpound seni conductors having
low el ectrical 15 resistivity without reducing the crystallinity. The
apparatus for heat-treating Il - VI conpound sem conductors may further

. . : be
conprise a box enclosing the heat-treating chanber. The box can _
evgguat ed with a vacuum punp to reduce the pressure in the heat-treating

i . i nvention, the enpl oypent of the
For egol nasatruape® MY b kRE B BT T EEBR oy erHien dertioar creaelvon

i i h as a ZnSe
bet ween Al _and.quar while a Il -VI conpound sem conductor suc
crystal anﬁ‘é‘é‘i“-g‘? 2@§§éay§talf VIRE SRPeriay crystaHimity.he crystal. The present

invention therefore can offer a conductive ZnSe crystal having superior

crystal linity. BRI EF DBRIRFPDESCRIPTHENDBAWING PRAWENE i s a
cross-sectional view show ng heat-treating apparatus of the 5 present

i nventi on. Figh@el B id 4 Trds<LEQrSa ik SQ Wi Nng.a_convent i on?

heat -t reating appal- ratus,  DETA LE‘B %E%j&&w&ﬁ %EIGI%EWW?EW of the
Enbodj me 8 Q he Br esent invention are explained below. 10 In the present
i nventi oﬂ, Ste%elégg?-f)?eat ment may be carried out by main- tam ng the raised

tenperature at a fixed level, by maintaining it at different levels after
changi ng t ér?p’érzatlmsé-,seotmbyf ven showirst § cohaagiiogal hea¥-tl@ating appa-

ratus.
DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention are explained below.

10 In the present invention, the heat-treatment may be carried out by main-
tMg the raised tempergture at a fixed level, by maintaining it at different
levels after changing the temperature, or by continuously changing it with
time. |

The present inventor did a study on the cause of the increase in dislocation in

15 aZnSe substrate when heat-treated by the conventional heat-treating process.
Figure 2 is a cross-sectional view showing a conventional heat-treating appara-
tus. A conventional heat-treating apparatus 130 comprises a quartz ampule-
like container (hereinafter referred to as “ampule”) 101, a quartz sealing cap
102, which i1s fitted into the quartz ampule 101 to form a specified space, a

20 quartz container 106, which is placed on the quartz sealing cap 102 and en-
closed by the quartz ampule 101, and a quartz plate 108, which is placed on the
quartz container 106.

ZnSe substrates 9 and 12 are placed on the quartz plate 108, and aluminum



time. The present inventor did a study on the cause of the increase in
dislocation in 15 a ZnSe substrate when heat-treated by the conventi onal
heat-treating process. Figure 2 is a cross-sectional view show ng a
conventional heat-treating appara- tus.10A conventional heat-treating
apparatus 130 conprises a quartz anpule- |ike container (hereinafter
referred to as "anmpule") 101, a quartz sealing cap 102, which is fitted

into the Muay {6 APYheL0d : i fii e ace, .a 20 guar cont ai ner
106, which is placed g“‘rfjet%aeﬁ%c?‘{e? @%@fefe%gﬁ%%%“%zs rafes @laé’é’teﬁzb he
quartz anpule 101, .and quartz plate 108, which is placed on the quartz
cont ai ne;a%fﬁgz. C‘ﬁ#@é“%‘ub@@ s previded with a &P‘[ﬁ?hpl%@}édf\@% etystajub?l is plaged 108,
and alum num 10 filns 10 and 11 are sandw ched between the ZnSe substrates
9 and 121nthe quauty contabmerl@er 106 is provided with a notch 106h. A Zn
crystal 121 is placed in the quartz container 106. Wen the apparatus is

assenbl ed Wheiesiae bppdralt/s addebfled! eI BBve Bk CrHD b Cygcual ed
with a vacuum punp, and then the portion of quartz danpul’e |ntto whi ch
s_heated. This he?tti]g% fuses .the guartz, and
[ I

the gyar 02 i.s fitted i
the quar %ﬁl%%érgse‘}aaftg %‘%‘?\J‘é]&ht%d'@tcﬂgp PO AR the partion f gratts 2
q

anpul e 101. The hernetically seal ed heat-treating apparatus 130 is placed
ina fur ¢ d Odanke whieh she amartn camieR is fitted is heate & dlhisipataigfiees 10
Thi s heating vaporizes part of the Zn crystal 121, and the quartz anpule
101 is the hedriw nindatlel goaviaperemiers caterlpsided tdgeehed wrhpmMetichlly kg1 and
11 are nelted,

the quartz ampule 101. The hermetically sealed heat-treating apparatus 130 is

placed in a furnace to be heated and maintained at the elevated temperature.

10 This heating vaporizes part of the Zn crystal 121, and the quartz ampule 101 is
filled with a zinc vapor. Concurrently, the aluminum films 10 and 11 are melted,
and the molten aluminum diffuses into the ZnSe crystals that constitute the
ZnSe substrates 9 and 12. This process renders the ZnSe substrates 9 and 12
electrically conductive.

15 This heat-treating process increases the dislocation density of the ZnSe
substrates 9 and 12. Some chemical-reaction products in the above mechanism
may play a role in increasing the dislocation density. To clarify the mechanism,
the present inventor calculated the state of the thermodynamic equilibrium on
a system composed of the starting materials ZnSe, Zn, Al, and quartz to ana-

20  lyze the state of the chemical reaction. The analysis revealed the following
phenomena.

Aluminum does not exist stably as a single body. It stably exists as the oxide

ALSiO; known as andalusite at temperatures ranging from room temperature



and the nolten alum numdiffuses into the ZnSe crystals that constitute the
ZnSe substrates 9 and 12. This process renders the ZnSe substrates 9 and 12
el ectrically conductive. 15 This heat-treating process increases the

di sl ocation density of the ZnSe substrigtes 9 and 12. Sone

chem cal -reaction products in the above nmechanism may play a role in

I ncreasing the dislocation density. To clarify the nechanism the present

i nvent or ¢& alheul oth > af t hennpd 1 6 Uil ibriumon a system
conposed of t hgags%igrtéi gtgssttrrg%@r ?gsgy%ﬁsgllﬂgﬁe @Jﬁz@mﬁi@aﬁ @} tegparatyres| yze
the state of the chem cal reaction. The analysis reveal ed the foll ow ng

phenonenhighgn thanabee890 o€ . dnix gas phiaky, a¥navapordksehleqoynciphl 86tk da-
exi sts as the oxide Al12Si 6 known as andalusite at tenperatures ranging

from roogmi eXpe GO : aﬁ,gzﬁi 9 2 1t stably existg as nullite (3

A1203. 2Si 02) at tem%gdrbgg’uerﬁelgts g grgg%agrl]e %Wﬁésﬁrer@ GRBIGHEREE 3 Zn

vapor is_the principal nstid.u-.ent, and Si O stably exists with a notable

parti al %Orrgggﬁpgp lEI'gﬁ/-éo Bf)gp&f?ié%é’é 1&39{%@&1{,@% Catio of Zn to SiOis 1 :

10"3 at 1,000 C. 5 This analysis shows that when ZnSe, Zn, and Al are _

pl acéd i n Bhisemmdysisaiows fiea wHeA S AMHEAL e ﬁlbgﬁaqatfﬂtehﬁeﬁc&ﬁw arn
e quartz.

extent, the Al vaporizes and chemcally reacts wt

Co i c ' c- tion w,th at, the surface of
Che Al | rald dudtobilfiae DIl FEG ol RR il etk torieng w0E. The

anal ysi s;suggesgts that al.though the Al diffuses 10 into the ZnSe crystal,
t he anda‘i}\fﬁéﬁgn@aﬁ% Ptk tﬁ%r%%ﬁ%rﬂ@l}*@ﬂ@@ﬁﬂ&cﬂl&a&@ s a chemical reac-

tion with Al at the surface of the Al resulting in a continuous production of
andalusite and mullite. The analysis suggests that although the Al diffuses
10 into the ZnSe crystal, the andalusite and mullite remain on the surface of the
ZnSe. It is likely that the andalusite and mullite adhering to the surface of the
ZnSe cause some stresses to the ZnSe crystal when they are cooled, thereby
decreasing the crystallinity of the ZnSe crystal.
According to this hypothesis, it is clear that the coexistence of Al and quartz
15 produces andalusite or mullite. The present inventor considered that in order
to completely suppress the decrease in crystallinity of the ZnSe when heat-
treatment 1s performed to diffuse aluminum, the héat-treatment must be car-
ried out in a quartz-free environment. As a result, the present inventor devised
a novel heat-treating process in which no quartz container is used for encasing
20 aZnSe crystal.
It is required that a container for encasing ZnSe include no quartz nor silicon
(Si) in its constituting materials, be stable at the heat-treating temperature, be

nonreactive with ZnSe, be highly pure such that it does not contaminate ZnSe



ZnSe. It is likely that the andalusite and nullite adhering to the surface
of the ZnSe cause sone stresses to the ZnSe crystal when they are cool ed,
thereby decreasing the crystallinity of the ZnSe crystal. According to
this hypothesis, it is clear that the ggexistence of Al and quartz 15
produces andalusite or mullite. The present inventor considered that in
order to conpletely suppress the decrease in crystallinity of the ZnSe

when heat - [ rforapd. to diffuse alumn t he. heat -t reat nent
mist be. A bEPUERIGs, W PR LR o sl TRedind s HiRe raarized hatnaa.

pr esent inveato devised a novel heat-treating process in which no quartz
cont ai nef® ARA pthar maembreste he placedinzigecontpined have the saegpuprapedrtshas a
contai ner for encasing ZnSe include no quartz nor silicon (Si) inits

const i t uaboxp. Ehertypks of h@aséihilsehavinghsudle plropé8add HL1hBERFABIHIE boRE
nonreactive with ZnSe, be highly pure such that it does not "coritam nate

2 i e M8, AR b

required that a pla- te an ers to be aced

have . he_sa rgperty as ..aboye. The types of materials having such

pr ope5rt i ’é’?ﬁ@«:?‘ﬂ@é@%ﬂw%eﬁaﬁﬂo -tride (pBN), hexagonal - system boron
nitride, sapphire, alumna, alumnum 5 nitride, and polycrystalline

di anond. ldeallyyit ist désiraldsi toafoirm toviarnm aspaee usithspaoa talinch Badenfai ner
made of a nmaterial such as descri bed above to encl ose a ZnSe substrate.

o ot LTI taLS Acab RN R, 5
tenperat MCIﬂI(%OSIBLa]\{I?taEII} iasvg&;l;rin with these materials alone, because the entire
container must be majntained‘at the elevated temperature. To solve this diffi-
10  culty, a quartz ampule is used as an outer container. A container made of a ma-
terial such as described above enclosing a ZnSe substrate can be placed in a
quartz ampule td evacuate the quartz ampule with a vacuum pump. In this
case, it 1s necessary to provide a communicating hole in the container to evacu-
ate the container and to eliminate the pressure difference between the inside
15 and outside of the container when the elevated temperature is maintained. It is
desirable that the communicating hole be a small-diameter orifice to minimize
the diffusion of the gaseous SiO into the container through the orjﬁce.
Figure 1 is a cross-sectional view showing a heat-treating apparatus of the
present invention. A heat-treating apparatus 30 comprises the following mem-
20  bers:
(a) a quartz ampule 1;
(b) a quartz sealing cap 2 fitted into the quartz axﬁpule 1;

(c) a quartz support 3 placed on the quartz sealing cap 2;



10 culty, a quartz anpule is used as an outer container. A container nade
of a ma- terial such as described above enclosing a ZnSe substrate can be
placed in a quartz anpule to evacuate the quartz anpule with a vacuum
punp. In this case, it is necessary tqgprovide a comunicating hole in the
container to evacu- ate the container and to elimnate the pressure

di fference between the inside 15 and outside of the container when the

el evated t r re Ls. maintained. It js desirable that the conmuni cating
hol e be a ggg?lﬁﬁ g@#@p@gﬂpwggmanﬂpémafgg OPh&led‘il‘HJi}éiSHHD@%ft $he gaseous
SiOinto the container through the orifice. Figure 1 is a cross-sectional

vi ew showi 1§ & PN coptaimersgnapphedy Ifidedinto the pBAhtontainai's dewerpor-

heat -treati ng apparatus 30 conprises the following nem 20 bers: (a) a

quartz anpdlom 4; (b) a quartz sealing cap 2 fitted into the quartz anpule

1; (c) a quartz support 3 placed on the quartz sealing cap 2; 13 (d) a
a pBN

pBN cont ai pgr, i 4 the quariz port 3;

cont ai ner' Sﬁn%?r]?lbg%%’p?% Ftrﬁggerli ﬁbg&t%he()%wq&%togitﬁgrp I‘iﬂﬁé?]%r&ﬁ)oﬂ%n 4;
(f) pBN sup ort, 5 placed on the |ower plate of the pBN container's |ower
5 portion ) @ﬁ?‘la pBN cup 6 placed on the pBN support 5; and (h) a
sapphire plate 8 placed on the pBN cup 6. The quartz anpule 1 is designed
to have a et pBMedupfapkcaddnprhevpBbdswppdrt 5; and

(h) a sapphire plate 8 placed on the pBN cup 6.

The quartz ampule 1 is designed to have a specified space and provided with

an opening. The quartz sealing cap 2 is fitted into the opening. The quartz sup-
10 port 3 is placed on the quartz sealing cap 2. A Zn crystal 22 is placed in the
quartz support 3.

The pBN container's lower portion 4 is placed on the quartz support 3. The
pBN container's lower portion 4 is provided with an orifice 4n. The orifice 4n
extends downward in the space enclosed by the quartz support 3 and faces the

15 Zn crystal 22. The pBN support 5 is placed on the lower plate of the pBN con-
tainer's lower portion 4. The pBN support 5 is provided with a notch 5h. The
notch 5h and the orifice 4n approximately equalize the pressure of the space in
the quartz support 3 and the pressure of the space produced by the pBN con-
tainer's lower portion 4 and main body 7.

20 The pBN container's main body 7 is fitted into the pBN container's lower
portion 4. The pBN cup 6 and the sapphire plate 8 are placed in the space pro-
duced by the pBN container's lower portion 4 and main body 7. A Zn crystal 21

1s placed in the pBN cup 6. The pBN cup 6 is provided with a notch €h. The



an opening. The quartz sealing cap 2 is fitted into the opening. The quartz
sup- 10 port 3 is placed on the quartz sealing cap 2. A Zn crystal 22 is
placed in the quartz support 3. The pBN container's |ower portion 4 is

pl aced on the quartz support 3. The pHM container's |ower portion 4 is
provided with an orifice 4n. The orifice 4n extends dowward in the space
encl osed by the quartz support 3 and faces the 15 Zn crystal 22. The pBN

t ' . f - tai '
or tion 4 ShEIARPLONnkIEty, SHEALPLCHE: Drchole Rl iRt PP BEiben and

the orifi 4n praoxi,mat el y .equal i ze the pressure of the space in the
quartz st rc[upggé‘ﬂgx theesaR %Pg“%fS?H thg qEespixsaelcide snacererodBred by-
tainer's lower portion 4 and main body 7. 20 The pBN container's nain body
7 is fittbe BN sontaineBnlewnt poriron ¢ dmbvaraingwdyi tn 4. The pBN cup 6 and
the sapphire plate 8 are placed in the space pro- duced by the pBN

cont ai ner' A AxS®sulpstihicon ig Pdt@draiifhé)&gpbhﬁx | r mﬁ;, |1 RhaGed 1N
the pBN cup 6. The pBN cup g is provided w t?lﬁ‘agtrr%ost:'(%ﬁtg}g".h eml@n?r%gﬁgh 6h

appr oxi ' th [ essur t pace pr.od d by the . pBN cup
6 angg(t Eglgg%% ﬁ?‘?@lénggg sél%ggr&&? ﬁj; %p(ﬁgg{. &Z’S}T S‘fcbfég%tﬁaﬁ% @Bgalpyni-t he
pBN cont ai ner' s | ower portion 4_and main body 7. A ZnSe substrate 9 is

pl aced oﬁummél%bb%q?%e%paﬂé 18 plagedaon ther alnrhid um il 40 Sudhothcthenaluhe
ZnSe substrate 9. Another ZnSe substrate 12 having an alum - numfilm 11

formed ominum filwsatledndrn 1tde ial comtaeywith dackbtpiéeh that the alu- nminum
filmse 10 and 11 are in contact with each other.
The heat-treating apparatus 30 of the present invention devised for heat-
treating II-VI compound semiconductors has a particular heat-treating cham-
10 ber. The heat-treating chamber comprises the pBN container's main body 7
having a particular inside surface 7i and the PBN container's lower portion 4
having a particular inside surface 4i. The inside surfaces 7i and 4i directly sur-
round the II-VI coinpound semiconductors to be heat-treated. The inside sur-
faces 7i and 4i are formed by pBN. They may also be formed by at least one
15 material selected from the group consisting of hexagonal boron nitride (such as
hBN and wBN), sapphire, alumina, aluminum nitride, and polycrystalline
diamond.
The heat-treating apparatus 30 further comprises the pBN cup 6 and the
sapphire plate 8 both placed in the space produced by the pBN container's main

20 body 7 and lower portion 4. The pBN cup 6 and the sapphire plate 8 isolate the

ZnSe substrates 9 and 12 as the II-VI compound semiconductors to be heat-
treated from the Zn crystal 21 being the group I element constituting part of

the II-VI compound semiconductors. The pBN cup 6 and the sapphire plate 8



The heat-treating apparatus 30 of the present invention devised for heat-
treating Il -VI conpound sem conductors has a particular heat-treating
cham 10 ber. The heat-treating chanber conprises the pBN container's min
body 7 having a particular inside surfgge 7i and the pBN container's | ower
portion 4 having a particular inside surface 4i. The inside surfaces 7i
and 4i directly sur- round the Il -VI conpound sem conductors to be

heat-tre : ynsjide.sur- faces 7i d 4i are forped by pBN.  They may
s0 be foraRrbiBehIRiIR 08 Gs faa i rcneltively Themttidegrataes bs
consi Sti'ngﬁ&;ﬁ he;r?gonal boron nitride (such as hBN and wBN), sapphire,

al umi na, 2% onmed by PBAG Thawsraysalsol henformichhprad. leiseohe abaterizdt i ng
apparatus 30 further conprises the pBN cup 6 and the sapphire plate 8 both
pl aced i melehtedsfrane the gengedonnisting of Bixagh al- S@tes BoYoR nitRdRQHBN agld

| ower portion 4. The pBN cup 6 and the sapphire plate 8 isolate the ZnSe

substrat @B RraSih | A Thi sem copduct.or.s t Q. be heat -

treat ed frolﬁh)’ﬁ%g)pZn érst?lg?Lﬂ??ubel ng tﬁié&qg?’o%ﬁpﬁfgi}gﬁ%n%g?@fl%gti ng part
of. the Il VL c ound sem conductors. The pBN cup 6 and the sapphire

pl at eg]8 15Thﬁ;\F@?%§??‘i‘B§Ia§P36ﬁ¥‘éﬁ d@ fugtherceomps sem sh@guartss paanilod gndThe
outside surfaces 6s_and 8s are formed by pBN. They may al so be forned by
at | east thmeuasizereading eyl 2 doetbriving 4 hex gnolopimotisd Btatgredating chamber.
hexagonal - system boron nitride (hBN and wBN), sapphire, alum na, alum num

ni tride, Thedppot yeodstal by Bee duarR Wmpald Mediede {i Sk iseg@gga@% &b} figr

further conprises the quartz anpule 1 and the quartz se

form ng @v%tg&cﬂlﬂ‘ﬁhgﬂ gh%ecﬂ%%ﬁéer i ‘IJVQ Ct*ﬂ%”R% ‘members with a vacuum

pump. This evacuation reduces the pressure inside the quartz support 3
10  through the clearance between the quartz support 3 and the pBN container's
lower portion 4. Finally, the pressure inside the pBN container's main body 7

and lower portion 4 can be reduced through the orifice 4n and notch 5h.
The heat-treatment process using the heat-treating apparatus 30 is ex-
plained in detail below. The ZnSe substrates 9 and 12 provided with the respec-
15 tive evaporation-deposited aluminum films 10 and 11 on their surfaces are
placed in the space enclosed by the pBN container's main body 7 and lower
portion 4, which constitute the heat-treating chamber having the mside surface
formed by highly purified pBN. Although Fig. 1 shows two ZnSe substrates 9
and 12 placed in the heat-treating chamber, one ZnSe substrate may be used.
20  Furthermore, more than two ZnSe substrates may be placed inside by stacking
them, for example. In Fig. 1, the two ZnSe substrates 9 and 12 are placed su.ch
that the aluminum films 10 and 11 are in close contact with each other. This

arrangement 1s employed in order to minimize the contact between the alumi-



The space produced by the quartz anpule 1 and the quartz sealing cap 2 can
be evacuated through the. clearance between the two nenbers with a vacuum
punp. This evacuation reduces the pressure inside the quartz support 3 10
t hrough the cl earance between the quartig support 3 and the pBN container's
| ower portion 4. Finally, the pressure inside the pBN container's main body
7 and | ower portion 4 can be reduced through the orifice 4n and notch 5h.

The heat - nen r QCLSS ing the heat-treating apparatus 30 is ex-
pl ai ned SR 1o Bra T Ind S e thputligeand 1o provided with the
respec- 15 tive evaporation-deposited alumnumfilnms 10 and 11 on their

surfaces afBepligkethaned papehizeevlate |Sosedlased pe theNpBdhicapn6r Thenheat-body
7 and |l ower portion 4, which constitute the heat-treating chanber having

the insi deeating abgmbeocoBhridesthe Y BNRUhtinee's BN WS dyhPusl 16k@r phrEbAWS
two ZnSe substrates 9 and 12 placed in the heat-treating chanber, one ZnSe

substratg . re.&han t strates.nay be
pl aced i né?%e lgﬁleg?’ ggﬁ?ﬁglﬁﬁ]ﬁgﬂqﬁfe or gxﬂglr%pq%éﬁgbl %“F’F%e g%sﬁfﬁiﬁe{%tlé\%r nsSe
substy at %s that the alumnumfilns_10 and 11 are

9 and. 12.are pl aced such,
in cl®dsePeGH a‘é?ﬁwgﬁn%@}?a&"?%rporﬁﬁins‘l toy R taRgastighteass. AkamBN emter to
m nimze the contact between the alum 16 numfilnms 10 and 11 and the
gaseous &amessimam bidy Tdiskichaped tapphilreeqydrt suBpost P Aok theAntdigspBN
cup 6. The heat- treating chanber conprises the pBN container's main body 7

and | ovegalozy bi@@ncébedTiBet%JeOcYﬂrti’ah}ﬂxﬂB 1 aha.tﬂ%%{{a%gﬂf%%\z?s ?i@FecP{dthﬁtgo‘m-

The pBN container's main body 7 i1s fitted into portion
mai ntal nqg%fttz' %tpn el Aghg\lu%lBanu%? Ql_'ystal may also be encased concurrently in the

quartz ampule 1. When the inside space of the quartz ampule 1 is evacuated
10  with a vacuum pump, the inside space of the pBN container's main body 7 and
ldwer portion 4 constituting the heat-treating chamber is concurrently evacu-
ated through the clearance between the quartz support 3 and the lower portion
4, the orifice 4n, and the notch 5h. When the vacuum degree reaches the speci-
fied level, the quartz ampule 1’s portion into which the quartz sealing cap 2 is
15 fitted is heated to hermetically seal the quartz ampule 1 under the vacuum
| condition.

The heat-treating apparatus 30 is placed in a furnace for heat-treatment. It
is desirable to maximize the uniformity of the temperature distribution in the
quartz ampule 1 to suppress an excessive increase in the pressure of the Zn

20  vapor and to prevent the Zn vapor from condensing at a low-temperature por-
tion. When the quartz ampule 1 is maintained at a specified temperature for a
specified time, the aluminum diffuses into the ZnSe substrates 9 and 12. When

the step for maintaining the elevated temperature is completed, the ZnSe



tainer's main body 7 and | ower portion 4, the quartz support 3, and the Zn
crys- tal 22 are encased in the quartz anpule 1, and the quartz cap 2 is
fitted into the quartz ampule 1. An alum numcrystal nmay al so be encased
concurrently in the quartz anmpule 1. \Wyen the inside space of the quartz
anpule 1 is evacuated 10 with a vacuum punp, the inside space of the pBN
container's main body 7 and |ower portion 4 constituting the heat-treating

chanber | ent evacu- ed thra t he ¢ earance, bet. n the
quartz s S%B%ﬁ?ﬁ%g gna&”i >h(% qr&ﬁgpleﬁé?t[ ?5R ec’%,%gt’ﬁ"éeoﬂ‘?ia@é"’ﬁﬁi,esﬁﬁgggt?éo?ﬁﬁsc h

5h. When the vacuum degree reaches the speci- fied level, the quartz anpule
| ''s port £8R Redaced énSemabgteate inexeased ot aplye in eledrical cendustividnted t o
hernmetically seal the quartz anmpule 1 under the vacuum condition. The

heat - t r ealsonm apypéalaquslity) is placed in a furnace for heat-treatnment. It

is desirable to maximze the uniformty of the tenperature distribution in

the quart u i | iR th ressufe of
the zn 20 Wana gt by BRSO R B e i Ip Db B Sk iy BaRE 0
| ow-t enperature por- tion. Wien the quartz anpule 1 is maintained at a
speci? i ed! t@meeynd semiemmductersceoniprses theefollomanglstepsium di f f uses into the
ZnSe substrates 9 and 12. When the step for maintaining the el evated

tenper at ur gaj 5149 thsd B ARSEcl andPSEALES B-3ndokt Gl sopked at @

|
specified rate. The above-descri process  can produce <SUbStrate
increased not only in electrical conductivity but also in crystal quality.
As expl ai nSYCH¥S) & cantpcd edh Alpmipamiethehepthizaatingcliambee sompreangng | |

the pBN container's main body 7 and lower portion 4 having the respective
inside surfaces 7i and 4i formed by at least one material selected from the

10 group consisting of pyrolytic born nitride, hexagonal-system boron nitride,

sapphire, alumina, aluminum nitride, and polycrystalline diamond; and

(b) heat-treating the ZnSe substrates 9 and 12 in a gaseous atmosphere con-
taining the Zn vapor (as the group I element constituting part of the II-VI
compound semiconductors).

15 It 18 desirable that the aluminum films 10 and 11 have a thickness of 1 to 200
nm. If the thickness is less than 1 nm, the amount of Al diffusion into the ZnSe
is- insufficient to reduce the resistivity of the ZnSe crystal. If the thickness is
more than 200 nm, Al or Al-Zn alloys remain on the surface of the ZnSe sub-
strates 9 and 12. They exert stresses on the ZnSe crystal during the cooling

20  period, causing a reduction in crystallinity.

It is also desirable that the heat-treatment be performed at a temperature of

660 to 1,200 °C. If the temperature is lower than 660 °C, the Al does not diffuse

in the ZnSe crystal effectively because the Al exists in a solid state. If the



5 VI compound sem conductors conprises the follow ng steps: (a) placing the
ZnSe substrates 9 and 12 (as the Il -VI conpound sem con- ductors) in
contact with alumnumin the heat-treating chanber conprising the pBN
container's main body 7 and | ower portildn 4 having the respective inside
surfaces 71 and 4i formed by at |east one material selected fromthe 10
group consisting of pyrolytic born nitride hexagonal - systen1boron nitride,

ont - 1 o8FTRS TR AR A SV SRIER e ARSI e P

taining the Zn vapor (as the group Il elenent constituting part of the II
- VI conﬁ@m’ﬂiﬁ%dm conductors). 15 It is desirable that the alumnumfil ns
10 and 11 have a thickness of 1 to 200 nm |If the thickness is less than 1

nm the anfwigtaled désirdble thit @he hehe-tid@nddrShe péﬂbfiﬁ@&ffbﬁl%mb%oﬁﬁgqffe tN he

resistivity of the ZnSe crystal. If the thickness is nore than 200 nm
Al -Z t S
They exeil ?%%2&%62@%%%‘%@%‘*%%@2@? R R S e

causi tio crystallinity. i s_al so desirabl e that the
heat - re%‘ﬁéﬁ'&c% Bﬁlﬁﬁﬂl%?n&hﬁéﬁﬁ@cﬁt@rtbecﬁn eeabstsate. A wmaminge
tenperature is lower than 660 C, the Al does not diffuse in the ZnSe
crystal éffexerts stresbec anshet rSélcresiad tduring ahs aoblngtpdigod, ! daushes 1Be
tenperature is higher than 1,200 C, the crystallinity of the ZnSe crystal

is decr gasediod tn i&réﬂaﬁnﬁﬁstf Bl fehbdtedtiifs AL 15 N6RLEPPhaR BOELEQTE
for 1 to 800 hours. Tf
after diffusing into the ZnSe substrate completely, the Al migrates excessively
toward the peripheral portion of the substrate. As a result, the concentration of
10  the Al in the ZnSe decreases with time. Therefore, an excessively long heat-
treatment is undesirable.
It is also desirable that the cooling rate after the heat-treatment be 1 to
200 °C/min. If the cooling rate is higher than 200 °C/min, the temperature gra-

dient in the ZnSe crystal becomes large, and the crystallinity decreases during

15  the cooling tlme If the cooling rate is lower than 1 °C/min, because the time for
passing the low-temperature zone is prolonged, the properties of the ZnSe ap-
proaches those at the low-temperature equilibrium. As a result, the percentage
of the activation of Al decreases, decreasing the carrier density and increasing
the resistivity.

20 When the ZnSe crystal contacts Zn, Al, or a Zn-Al alloy at the time of cooling,
the difference in their coefficient of thermal expansion decreases the crystal-
linity of the ZnSe considerably. When some portion other than the place where

the ZnSe substrates 9 and 11 are placed is controlled to become the lowest-



the heat-treating tinme is less than 1 hour, the Al cannot conpletely
diffuse into 5 the ZnSe, and Al renmains on the surface of the ZnSe
substrate. The remaining Al exerts stresses on the ZnSe crystal during the
cooling period, causing the reduction1dn crystallinity. If the
heat-treating tinme is |longer than 800 hours, after diffusing into the ZnSe
substrate conpletely, the Al mgrates excessively toward the peripheral

portion te.. S . entration of 10 th in
Phe. znse "qupPEattBslhiin thehdd ik AT R of roingthe P,
treatnment,.is a%ﬁ&r ble. It is, also d%si rable that the cool.i n% rate after
the heat /Yy 233d fxsAl gloy arg trangfersedte thedopest-taspperaure pertien fip galdify han
200 C/mn, the tenperature gra- dient in the ZnSe crystal becones | arge,
and the therst dhus)ithy coetactdetweentha@nBe driystal eold tig: Zn 4l ok Znt-Atalop! i ng
rate is lower than 1 C mn, because the tine for passing the

| ow t enpeARbUr R ZAEE th%r@éy%i?é\gﬁﬁingoﬂfe PEARRTddl £5¢ R @Qﬁéﬂ?@f ap- proaches

those at the |lowtenperature equilibrium As a res centage of

t he tivati.on,of Al C ses, decreasing the carrier density and

i ncr Z§asi ngltt P h%es}réagﬁlggﬁmg gsf’ Ei%lp\m@ﬁ“teh %’écecﬁ%vt’%ﬁn LR P %‘ieswgﬁ,re Bhe o a
Zn-Al alloy at the tinme of cooling, the difference in their coefficient of
t her mal éRrpansibstrates Perbil ane phacpdtand the liwest-demplesa@n®e artiosi ket 40! v .
When sone portion other than the place where the ZnSe substrates 9 and 11

are placed0is.deheé eémperiturbeliffeferddeds1eyeaianl 9 C, B eHRkSi-forRPEidtARe | N
the heat-treating chanber at the tine of cooling, the Zn, A, and Zn-Al

alloy are transferred.to owest -t enperature portion to solidif
y portion 1s no ectedt. r}?ti)e temperatanre eren(rije 1s more than 100 °C}lthe

ZnSe crystal itse]f is transferred to the lowest-temperature portion, and its
10 crystallinity is decreased undeniably. While the elevated temperature is main-
tamned, the temperature distribution within the heat-treating chamber may be
completely uniform. Multilayer temperature distribution may also be present
during the high-temperature-maintaining period providing that the tempera-
ture distribution causes no noticeable transfer of the ZnSe crystal itself.
15 . (Example 1)
Heat-treatment was pérformed on a ZnSe substrate having a length of 20

mm, a width of 20 mm, and a thickness of 700 x m and composed of a ZnSe

single crystal in which the (100) plane forms the main surface. The resistivity

of the crystal before the heat-treatment was as high as at least 10° Qcm, which

20 was the upper limit in the hall mobility measurement. The substrate surface
was mirror polished and etched by using Br-methyl alcohol to measure the

dislocation density of the crystal. The measured result was 5 X 10%to 2 X 10*

cm2.



there. Thus, the contact between the ZnSe crystal and the Zn, A, or Zn-Al
alloy can be avoided, thereby preventing the reduction in the
crystallinity. 51t is desirable that the tenperature difference between
the place where the ZnSe substrates 928nd 11 are placed and the _

| owest-tenperature portion be 1 to 100 C. If the tenperature difference is
less than 1 C, the |lowest-tenperature portion is not affected. If the

tenperat urgy (ylﬁﬁﬁhﬁfﬂ&%lhlsw@m 8 thiamesi%rG0 ﬁﬁ?wa%&@ﬁgl(éﬁyogf Bhe bt&ﬁdf surz .
transferred to the [owest-tenperature portion, and 1ts 10 crysta |3|tyh|s
decreased undepni ably. Wi le the el eyateq t eratyre is | n; tained, the
t enper at ﬂarcgr}m @f‘? Vﬁé’f‘i‘%‘naqumlﬂn f’iﬁ‘ét\f‘@éag-st Hb#}ﬁﬁ M@% *B&Strates
conpletely uniform Miltilayer tenperature distribution my also be present
during tfBand §& werepelaged ne-thei quagitniampyeri sdclptlat tienglurhatumHdmsiper a-
ture distribution causes no noticeable transfer of the ZnSe crystal itself.

15 (Exanph@ 1) whesin taerici®ith Wash Bk &0 OvRdu PrentlyZ fISe z%t@g%faag ©1hayd a9 a
length of 20 mm a width of 20 mm and a thickness of 700 u in and

f .
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high as at |least 105 Q cm which 20 was the upper limt in the hall
mobi | i t yAWBHZABREM 1 Wasevatratedath @ vaceumgpempi toravagoumsefell *and08&t ched
by using Br-nethyl al cohol to nmeasure the dislocation density of the

crystal . tokRg2neas U1 et PogSWith WA vachudlHdeRed mbitP4ined? th8qudPtz ampule

1 was hermetically sealed by fusing the quartz cap 2.
The sealed heat-treating apparatus 30 was placed in a vertical-tube furnace.
10  The heat-treatment was carried out for seven days (168 hours) by heating the
ZnSe substrates 9 and 12 at a uniform temperature of 1,000 °C with the tem-
perature at the lower of the quartz ampule 1 maintained at 980 °C. Then, the

heat-treating apparatus 30 was cooled to room temperature at a rate of 60 °C

/min. The disassembly of the apparatus revealed solidified Zn at the lower of
15 the quartz ampule 1. The ZnSe substrates 9 and 12 placed to face each other
were easily separated without sticking together. The aluminum films 10 and 11
deposited on the ZnSe substrates 9 and 12 were not observed on the surface of
the substrates with n;alked eye. They were thought to have disappeared by
diffusing into the crystal and dispersing into the atmosphere.
20 The surface of the heat-treated ZnSe substrate 9 where the aluminum film

10 had once been deposited was repolished to reduce the thickness by 50 uzm.

The properties of the substrate were then measured. The carrier density at the

surface was 8 X 10" cm®, demonstrating that the resistivity was reduced. The



An alumnumfilmw th a thickness of 40 umwas forned on the etched sur
face by the vacuum deposition nethod. As shown in Fig. 1, the ZnSe
substrates 9 and 12 were placed in the quartz anpule 1 such that the
aluminumfilns 10 and 11 were in cont2dt with each other. Concurrently,
the Zn crystals 21 and 22 5 each having a mass of 0.1 g were placed in the
quartz anpule 1. The assenbled quartz anpule 1 was evacuated with a vacuum

punp to AN . P v this uac egree
mai nt ai ngéi%{ﬁt he q%fg?l?‘zléla{gﬁegﬂ?tehé %Ié\}\?aéa%hoé %%%t:}glall??hg esyrggalcebvafs |°H§ l%{nh%J
quartz cagsz. o1he seal ed heat-treating apparatus 30 was placed in a

verti cal 10up® 7t dibaspalue qonfimmeedhthat theaa wasmo weerease i dislocstidodessivnen
days (168 hours) by heating the ZnSe substrates 9 and 12 at a uniform

t enper at ur ThefdidAb0tich vift thet AlRich@Mm RODaMITALIRN A1Ehé QWefaceloff i Rt Z
anpule 1 maintained at 980 C. Then, the heat-treating apparatus 30 -was

cool ed t g.dR0 t‘ﬁ]{irpl%[ t t slmn,  The gi sas e% f the
appar at us reveaSI e sg?i‘gf{%flg%ls%ﬁégtb%’t %;ecoﬁg\%% lé)!;nni%sst PG ﬂ‘?ﬂl?grya @ 1.
The ZnSe,substrates 9 and 12 placed to face each other were easily
separzga]tt ea‘%\ﬁi @W‘%‘Pi PCRBIAGR: F@s. 1-¥n& d%oﬁg‘rewliﬁ'{}niﬂf thergentrad mprtipn’ and
deposited on the ZnSe substrates 9 and 12 were not observed on the surface

of the ubstr8emi ahthielsedpByeal poreddnehe feBaug &hthM%edélggﬁﬁTAﬁ% ed by
e

diffusing into the crystal and di spersing into the atnosphere.
surface of the heat-treated ZpSe sufjstrate 9 where the alumnumfilm 10
had oncewﬁée‘ﬁsgéh%ééth%m%’gﬁﬁlygﬁéﬂowtﬂ%@ she Ad and elemical ppagimon i n.
The properties of the substrate were then neasured. The carrier density at
the surbelvecemathgAk aneh 3iQ were sigmoressaddunggt that hédtetreaseht byt ohaes
reduced. The
ing the ZnSe substrates 9 and 12 in the pBN container to avoid direct exposure
10  to quartz and by limiting the transfer of the SiO gas with the orifice 4n. The
present inventor believes that this suppression produced the uniform distribu-
tion of the aluminum diffusion into the ZnSe. He also believes that the sup-
pression of the reaction producted between the Al and SiO contributed to the
prevention of the reduction in crystallinity.
15 (Example 2)
Low-resistivity ZnSe substrates were produced by diffusing Al ermploying a
process similar to that used in Example 1. The surface of a heat-treated ZnSe

substrate where the aluminum had once been deposited was polished to reduce

the thickness by 100 . m. The surface was finished by mirror polishing. The -

20  ZnSe substrate was etched with a dichromate solution to reduce the thickness

by 3 um. The obtained substrate was placed in a molecular-beam epitaxy
(MBE) unit to grow a thin ZnSe film having a thickness of 1.5 u m.

The grown ZnSe film had a good surface morphology. The surface was etched



21 maxi mum | ocal value of the dislocation density at the surface was about
5 X 103 cm2. This value confirned that there was no increase in

di sl ocation density. The distribution of the al um num concentration at the
surface of the heat- treated substrate2pas neasured by secondary-ion nass
spectronmetry (SIMS). 5 The al um num concentration was 1.8 X 1019 cni' at
the central portion and 2.2 X 1018 cm 3 at the peri pheral porti on. The

Vapor | zab aiting A Rk gyt TN st B b e OR st onRlelinhy of e o

suppressed during the heat-treatnment by encas- ing the ZnSe gubstrates 9
and 12 i apitpmalBayen dihe distocasiondansity inczeaseddos abeutid ¥o 190 &m Zdwwrag by
limting the transfer of the SiOgas with the orifice 4n. The present

i nvent or yjheleheps8sall ?ﬁiwﬂiﬂﬁs SUPRLAESHIAD tWaSPclﬂgff‘)@ahBﬁ S di0y Fheluing RHe tion
of the alunlnun1d|f sion into the ZnSe. He also believes that the sup-
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Lowresistivity ZnSe substrates were produced by diffusing A enploying a
procdss showlmy that hight crystadlinntyEwasmphaintaindde surface of a heat-treated
ZnSe substrate where the al um num had once been deposited was polished to

reduce t@uﬁ:@qgl% BS tAY JHARrlsifk (Ehﬁ:eg'éﬁit%&?a]l’yi%r%ﬂ' 2hsd é%s*ﬁa{t@%as

pol i shing. The nSe substrate was etched wth-a dlchronate solution to

reduce the,.thi cknes The ai ne ubs at e was ed, i
ol ecul sPOBSA R TEang® thRRIKHeS? 1 A0t e WAPR hecemidn e fingt dhe”
thi ckness of 1.5 u in.
other surface of the ZnSe substrate was measured by the capacity-voltage (C-V)
method, the result was about 7 X 10'"cm™. The result confirmed that the other
10  side had high carrier density sufficient for forming n-type electrodes.
(Comparative Example)
Single-crystalline ZnSe substrates were produced by a process similar to that

used in Example 1. As with Example 1, the resistivity of the crystal before the
heat-treatment was as high as at least 10° Q cm, which is the upper limit in the
15  hall mobility measurement. The substrate surface was polished and etched by
the same method as in Example 1 to measure the dislocation density of the
crystal. The measured result was the same as in Example 1. An aluminum film
with a thickness of 40 nm was formed on the etched surface by the vacuum
deposition method. As shown in Fig. 2, the ZnSe substrates 9 and 12 were
20 placed i the quartz ampule 101 such that the aluminum films 10 and 11 were
in contact with each other. Concurrently, the Zn crysfal 121 having a mass of
0.1 g was placed in the quartz ampule 101. The heat-treatment was performed

under the same temperature and pressure conditions as in Example 1.



The grown ZnSe film had a good surface norphol ogy. The surface was etched
22 by using a Br-nethyl alcohol solution to nmeasure the dislocation
density of the epitaxial layer. The dislocation density increased by about
3 X103 cm2 during the epitaxial gro28h. As a result, the total

di sl ocation density including the dislocation introduced by the ZnSe
substrate was 8 X 103 to 2.5 X 104 cm2, 5 showing that high crystallinity

Substrat e Pag isparranedof iy apbdf B SEF AR {ARERN AR Apla bl 2o

carrier density at the other surface of the ZnSe substyate was nmegsured by
the capadt ?be &6‘7"?5@5 tbe.aaqlpu}mﬂ%dﬂ@r@%%bﬁtrm Qi 12 placed 10 dass. The

result confirnmed that the other 10 side had high carrier density
suf fi ci eadch othéorweregeasily peparaetr widout (Gickiagatdgeeh &x diipé elluminum
Single-crystalline ZnSe substrates were produced by a process simlar to

that  usgfinkn Bt Qepositsd Yhithe %ﬁ%’étﬂ)sﬁaﬂe ® L1 8 otk bt ¥hsbRR i St al

before the heat-treatnent was as as at least 105 S2 cm which is the

upper_ ligit in the.15 hall bility urenent. The substrate surface was
ol 1 Shedtin i aEn BEHH ShHE CR It RATIAE S (DB URE HIOHEY M iR

di sl ocation density of the <crystal. The neasured result was the sane as in
Exanpl e nearad by Wifnging inte the ctysstal andkdiepersvig 40tmbhevasmiosphexe. dbhe he
etched surface by the vacuum deposition nethod. As shown in Fig. 2, the

ZnSe subgirfaéest th@hdal ZraRee ZABPbalsadaten9 tiige@Udid Zvanrie fllel 10uUedy t hat

the alumnumfilns 10 and 11 were in contact with each ot her.

Concur reg Ly beéﬂ‘%eEQSi%d S reli%%jsﬁ%}iiﬂagre%u@scﬁe%fhickness by 50 xm. Then,

the properties of the substrate were measured.
10 The carrier density at the surface was 6 X 10" cm™®, demonstrating that the
resistivity was reduced. However, the maximum local value of the dislocation

density at the surface was about 3 X 10?cm™. This value showed that the dislo-

cation density of the crystal increased due to the heat-treatment. The distribu-
tion of the aluminum concentration at the surface of the heat-treated ZnSe
15 substrate was measured by secondary-ion mass spectrometry (SIMS). The
aluminum concentration was 1.1 X10”cm™ at the central portion and 1.7 X
10 cm™ at the peripheral portion. The results show that the aluminum concen-
tration decreased at the peripheral portion. The résults are attributable to the
following phenomena. The Al not only vaporizes but also chemically reacts with
20  Si10 at the peripheral portion of the ZnSe substrate, where the Al is exposed to
the gaseous atmosphere. As a result, the amount of Al at the periphery is re-
duced, decreasing the amount of Al diffusion into the ZnSe substrate at the

periphery.



0.1 g was placed in the quartz anpule 101. The heat-treatnment was perforned
under the sanme tenperature and pressure conditions as in Exanple 1. 23 The
di sassenbly of the apparatus 130 after the cooling revealed solidified Zn
at the lower of the anpule 101. The Zn8a substrates 9 and 12 placed to face
each other were easily separated w thout sticking together. The al um num
films 10 and 11 deposited on the ZnSe substrates 9 and 12 were not observed
on 5 the surface of the substrates with naked eye. They were thought to
have di sap- peared by diffusing into the crystal and dispersing into the
atmosphere, The surface of the heat-treated ZnSe substrate 9 where the

al uni num fEphodomeads of tke nyssentupaitien axeexplayned Shadet aboved (e e

t hi ckness by 50 u m Then, the properties of the substrate were neasured.
10. The chodireenideslsowy hénib@nﬂb&ﬁ@@ﬁﬁbﬂSaﬁréq&ﬁéa.Gmk&uc stheahéayg t hat
the resistivity was reduced. However, the maxi num | ocal value of the

di sl ocat |,Q tnfi§RTahYb@hpplEd 34" fu%%?ra‘ﬁ@é gt éoﬁipﬁ&“zﬁ%‘ ﬁutm &{h t he

shovved that the dislo- cation densit e crys i ncrease

heat - t. The di,stri.bu-.tion of th u tratjon at the
surf ate g]; m?\ﬁ C%BP“P@@&PEHO%“S@OEW%}&B’?%‘% ?@&%s‘ﬁ&ﬁ gg%ondar y-ion
mass spectronetry (SIMS). The al um num concentration was 1 1 X 1019 cm 3

at the cerThelenploosdintmtandsdlogedin tBIS spetificatiohrePfy beh@halddreatihomy The
results show that the alum num concen- tration decreased at the peripheral
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ortion of .the ZnSe, s trate,. where the Al |s exposed to
P catedey the %bﬁowmg claims rather than by thepforegomg description. All

changes that come within the meaning and range of equivalency of the claims

10  are therefore intended to be embraced in the scope of the present invention.



t he gaseous atnosphere. As a result, the anmount of Al at the periphery is
re- duced, decreasing the anobunt of Al diffusion into the ZnSe substrate at
the periphery. 24 Enbodi nents of the present invention are explained in

t he above. The em bodi nents shown hereggan be nodified as required. For
exanple, the heat- treatnent can be applied to substrates nade of not only
ZnSe but also another 5 Il -VI conpound sem conductor such as ZnS, ZnTe,
cds, Cd or. CdTe. Jhe enbodi nents disclosed in this specification are to
be consi HetddSiGRAER¢d S espects as illustrative and not restrictive. The
scope of the present invention is indicated by the follow ng clains rather
t han by 1hé fepeessi nf hbsgareatingn I -All compangdssematondumetors; tthienptdvess
meani ng and range of equival ency of the clains 10 are therefore intended to

be enbr acgd h@'ﬁ{?hég e g the present invention. 25 Wat is clained is:
1. A procesg of heat ot eating I][ -VI conpound seni conductors, the process

conprising,the steps of: (a) ing at |east .one 11 -VI conpound
sem conducﬁ@rﬁ?ﬁut‘g At g‘?ﬂSt\MDten FHa1 - cnppwpdsericoninctor mp sentast SdhiR-
having the inside surface formed by at |east one material selected from

the group AdASIS whNg hehtRyéhyd chabibe? WMAvinkthdeinsiBx saAMat foMakapyoat on
nitride, sapphire, alumna, alumnumnitride, and polycrystalline dianond,

?Eda-( b) heplik s bietif shlectdd ﬁo%ﬁ%%“&o%%”%&x?s@%"ﬁéoorf 193;1'0%?1:% BoRgygLors
tride, hexagonal-system boron nitride, sapphire, alumina, aluminum nitride,
and polycrystalline diamond; and
(b) heat-treating the II-VI compound semiconductor or semiconductors in a

10 gaseous atmosphere containing the group II element constituting part of
"the 1I-VI compound semiconductor or semiconductors.
2. A process as defined by claim 1, the process further comprising the step of
evacuating the heat-treating chamber with a vacuum pump prior to the step of
heat-treating the II-VI compound semiconductor or semiconduétors.

15 3. Aprocess as defined by claim 1, wherein the contact between the II-VI com-- .

pound semiconductor or semiconductors and aluminum is provided by forming
an aluminum film on the surface of the semiconductor or semiconductors.
4. A process as defined by claim 3, wherein the aluminum film has a thickness
of 1 to 200 nm.

20 5. Aprocess as defined by claim 3, wherein:

(a) two II-VI compound semiconductors are prepared; and

(b) the two semiconductors are placed in the heat-treating chamber such

that the aluminum films are in contact with each other.



10 gaseous atnosphere containing the group 11 elenent constituting part of
the H -VI conpound sem conductor or sem conductors. 2. A process as defined
by claim1l, the process further conprising the step of evacuating the
heat-treati ng chanber with a vacuum pug® prior to the step of

heat-treating. the 11 -VI conpound sem conductor or sem conductors. 15 3. A
process as defined by claiml, wherein the contact between the 11 -VI com

pound se onduct or qr.sericonductors and um num i rqvi ded b rmng
ool um nipprsors AR aaet it The ReblThitgddis i SR "
A process as defined by claim3, wherein the alumnumfilmhas a thickness
of 1 to 20emperaturesof BhtotE9 Es defined by claim3, wherein: (a) two 11
-Vl conpound sem conductors are prepared; and (b) the two sem conductors

are pl ac?.dAip_'i‘o%&% a{'éeaéﬁ_ﬁé&ﬁgrizcgﬁngli?m%%ﬁluﬂﬁ hédRtreh S el &'@b?%&'ﬁl’eﬁrﬁr are

in contact wth each other. A process as defined by claim1, wherein
t he heat-trgggbriﬁnt is performed at a tenperature of 660 to 1,200 C. 7. A
process Ldo i Sby claim 1, wherein the heat-treatnment is performed for
1 to 800 hours. 5 8. A process_as defined by claim1, wherein the

heat - r e8t Adproressvps slsfmednby claim domdereny the heatiteeptadclond eompewaded at

arate of 1 to 200 & mn. 9. A process as defined by claim8, wherein the

cool i ng ofy,idag dleddr & %?ﬁrr_‘gcgnghcforylargem.\‘l% S PMCANPHE 266 €/min.

sem conductors 1S perf y providing in
9. A process as defined by claim 8, wherein the cooling of the heat-treated I -

VI compound semiconductor or semiconductors is performed by providing in
the heat-treating chamber a portion having a temperature lower than that of
10  the semiconductor or semiconductors by 1 to 100 °C.
10. A process as defined by claim 1, wherein the II-VI compound semiconduc-
tor or semiconductors are made of ZnSe.
11. A I-VI compound semiconductor, heat-treated by the steps of:
(a) placing at least one II-VI compound semiconductor in contact with alu-
15 minum in a heat-treating chamber having the inside surface formed by at
least one material selected from the group consisting of pyrolytic born ni-
tride, hexagonal-system boron nitride, sapphire, alumina, aluminum nitride,
and polycrystalline diamond; and
(b) heat-treating the II-VI compound semiconductor or semiconductors in a
20 gaseous atmosphere containing the group II element constituting part of
the II-VI compound semiconductor or semiconductors.

12. A I-VI compound semiconductor as defined by claim 11, having an alumi-



the heat-treating chanber a portion having a tenperature |ower than that of
10 the sem conductor or sem conductors by 1 to 100.C 10. A process as

defined by claim1l1, wherein the Il -VI conpound sem conduc- tor or
sem conductors are made of ZnSe. 11. Ag+l -VI conpound sem conductor,
heat-treated by the steps of: (a) placing at |least one Il -VI conpound

sem conductor in contact wwth alu- 15 minumin a heat-treating chanber

havi ng the inside surface fornged by at east o terial selected.fyrom
the gr ouPBUBbRSPETtRANER Pyt %%i dobbrn QT -cpy iad&ea[g§]z’§8ﬁ8p-‘§%}§t‘té'rr?fb8f on
nitride, sapphire, alumna, alumnumnitride, and polycrystalline dianond,

and (b) heat 5t beat(ingnt e the réfhioadepauhe meih canddeton dépthasfidoondust ors in
a 20 gaseous atnosphere containing the group D el enment constituting part

of the Il sVI co un em conduct o sem conductors., 12. AJl -VI
Compound ol CHIRRIBL Torsiansr (Ratogy T CAMAC R PP AuEoRs thY Pty
concentration of 1 X 1016 to 5 X 1020 cm 3 and a dislocation density of at

most 5 Xrdfdd omprisimgt Hdcaegrauting ohainber fat encavihgee leastaormted HWIogox300 u
in. 13. An apparatus for heat-treating Il -VI conpound sem conductors, the

™ Bom BOwR A rrehPB8RBaCTDP; PERGURAGER FRARISG RRORECEAd0ns SREerRs: de
surface forned by at |east one material selected fromthe group consisting
of pyr ol formeed by at lapst onle matexiad sekacted frommtbergraunicopsdin g elppmiolgtic
alum na, alum num nitride, and pol ycrystalline dianond.
born nitride, hexagonal-system boron nitride, sapphire, alumina, aluminum
nitride, and polycrystalline diamond.
14. An apparatus as defined by claim 13, wherein the heat-treating chamber is
10 provided in it with an isolating member for isolating the M -VI compound
semiconductor or semiconductors from a group II element placed in the same
heat-treating chamber, the group I element constituting part of the II-VI
compound semiconductor or semiconductors.
15. An apparatus as defined by claim 14, wherein the surface of the isolating
15 member is formed by at least one material selected from the group consisting of
pyrolytic born nitride, hexagonal-system boron nitride, sapphire, alumina,
aluminum nitride, and polycrystalline diamond.
16. An apparatus as defined by claim 13, the apparatus further comprising a
box enclosing the heat-treating chamber, the box being capable of being evacu-
20 ated with a vacuum pump to reduce the pressure in the heat-treating chamber.
17. An apparatus as defined by claim 14, the apparatus further comprising a

box enclosing the heat-treating chamber, the box being capable of being evacu-

ated with a vacuum pump to reduce the pressure in the heat-treating chamber.



14. An apparatus as defined by claim 13, wherein the heat-treating chanber
is 10 provided init with an isolating nenber for isolating the Il -VI
conmpound sem conductor or sem conductors froma group Il elenent placed in
the sane heat-treating chanber, the gpgup Il elenment constituting part of
the I'l -VI conmpound sem conductor or sem conductors. 15. An apparatus as
defi ned by clain114 wherein the surface of the isolating 15 nenber IS
formed b | east qne sel.ected fromthe S|st|n

pyrol yti bépnaﬂp%rfa}taé a%é&é@%ﬁié«x @?%‘Peﬂé ARt ad b o RS i na,
alum numnitride, and polycrystalline dianond. 16. An aratus as defined
by cl ai rrbm,ent:}usiwg)phe hteat}tfeaﬁxlr@chamlbpr,iﬁiedg)mbem@c:gmg o sof heinghevacu-
heat -treating chanmber, the box being capable of being evacu- 20 ated with a
vacuum py{gd #8tH ﬁ%ﬁu‘iﬁ‘ﬁu&[}?%@ ¥é BudetHePreldSfe 1 Bfd hBst-HRAMRRY chalibe AN
apparatus as defined by claim 14, the apparatus further conprising a box
encl osing the heat-treating chanber, the box being capabl e of being evacu-
ated with a vacuum punp to reduce t he pressure in the heat-treating
chanber. 28 18. An apparatus as defined by claim15, the apparatus further
conprising a box enclosing the heat-treating chanber, the box being
capabl e of being evacu- ated with a vacuum punp to reduce the pressure in
the heat-treating chanber



