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The present invention relates to a method of forming
a group III-V compound semiconductor thin film including a
heterojunction interface, and specifically, relates to an
epitaxial growth method suitable for manufacturing a high
electron mobility transistor (HEMT) using an InP layer as

an etch stopper layer (an etching control layer).

BACKGROUND ART

Epitaxial crystal of a high electron mobility
transistor (hereinafter, abbreviated to a HEMT) structure
has hitherto been composed of a group III-V compound
semiconductor thin film formed by metal organic chemical
vapor deposition (MOCVD) or molecular beam epitaxy (MBE).
For example, a structure has been proposed, in which
semiconductor layers including an InAlAs layer and an
InGaAs layer are stacked on an InP substrate and an InP
layer is further formed as an etch stopper layer. FIG. 6
shows a basic configuration of this HEMT structure
including the etch stopper layer composed of the InP layer.

The HEMT structure shown in FIG. 6 includes an



i ncluding the etch stopper |ayer conposed of the InP
| ayer. The HEMI structure shown in FIG 6 includes an
2 0 undoped InAl As |ayer (buffer layer) 102, an
undoped I nGaAs | ayer (channel layer) 103, an undoped
I nAl As | ayer (spacer |ayer)y 104, an n-type inpurity
doped I nAl As | ayer (electron supply layer) 105, an
undoped I nAl As | ayer (spacer |ayer) 106, an undoped
InP | ayer (etch stopper |ayer) 107, an n-
undepes; t @Adg\ﬁ dayeAl u|f£>eerr levegi)stldRce ame@@@lp@@d InGahAs
Iayer) 108, and an n-type inpurity doped InGaAs | ayer
la@ﬁéS.§béﬁ@@lréew@mﬁglp§yeﬁp 1rogopaki dhAdPe deyeked spacer
sem -insulating substrate 101 nade of InP. The
laﬂ-etr))péol‘lnAlaAs nrayee 108ugAd yndopsd Ihé&dAs Layer (edgctron
are |nd|V|duaIIy di vided by etching. The InP |ayer 107
supplexpeyed)i A Obhe aat ¥he@rgfednADA S RdVeirdyabadievi deger)
parts of the InGaAs |ayer 109, ohm c el ectrodes 110
10§ndaﬁlﬂnd@§@ﬁ IoP WaVER deitgls SaepPResodpyeror 18ai AN n-
el ectrode, are forned. On the exposed part of the InP
tYPﬁyémpf@?tYadseﬁét@@@léﬁeéﬁweae rggilelkageey &§dasiag
gate electrode, is formed. 1In the above described
lamewﬁ d0Buceiife anefichiyR§ ﬂ&P@rlFﬁhé§ﬁﬁérﬁ@Gééﬁdléﬁer
citric acid type etchant) of the InP layer 107 is

r§§9éFéPC€eﬁ€ﬁ§CéPgsé@&ﬁél ROfdr ¥8iRE afe starikrg Pata
of the I nAl As |ayer 108 or InGaAs | ayer 109.
sepdcdpgiagltynot RELskpatsydfl1ordes ofedgPer oded by the

The n-type InAlAs layer 108 and n-type InGaAs layer
109 are individually divided by etching. The InP layer 107
is exposed in the etched area. On individual divided parts
of the InGaAs layer 109, ohmic electrodes 110 and 111, each
of which serves as a source or drain electrode, are formed.
On the exposed part of the InP layer 107, a Schottky
electrode, which serves as a gate electrode, is formed.

In the above described HEMT structure, etching rate
(phosphoric acid or citric acid type etchant) of the InP
layer 107 is several tenths or several hundredths of
etching rate of the InAlAs layer 108 or InGaAs layer 1009.
Accordingly, the InP layer 107 is less eroded by the
etchant and can provide very high selectivity. The InP
layer 107 therefore plays a role in preventing that etching
proceeds to the InAlAs layers 105 and 106 under the InP
layer 107 to degrade device characteristics of the HEMT

such as high frequency characteristics.



etchant and can provide very high selectivity. The InP
| ayer 107 therefore plays a role in preventing that
etching proceeds to the InAl As |ayers 105 and 106
under the InP layer 107 to degrade device
characteristics of the HEMI3 such as high frequency
characteristics. 3 In the above descri bed HEMI
structure, heterojunction interfaces (hereinafter
referred to as heterointerfaces) between materials
i ncl Udi hlge dabpee edesgrbopd \VHBHENEhr8Cchuee, f behedojunction
between the InAl As | ayers 106 and 108 and the InP
intgyépces7 (henedpelitardeefeerati kbzraghhteepopurctfrors)
device characteristics are greatly affected by
betweepnesserandsf fachedséngf daffarentcgronpo¥i ellenents are
distribution in the heterointerface. For exanple, in
formesi hgtvakrs thet éndilAselfyess WAEnand iL8§8narddthat dnP
the InP layer 107 or a transition layer with As and P
lapexedOis fbr nwach ra tdevi¢atedhicel e deeiser of uation,
fgrning conditions, the selectivity of the InP layer
deydreashakackechssieppare| ayertlysagfgatedchnt bpeepness
reduced in sone cases. Mreover, when the InP | ayer
angpflpsnggedodsanhatensn cempppetipaydistiribitibat terthe
that the InP layer 107 is made thinner, and the
hetpreknessfaner edfor sxmuRle y Wonfoxuieg this be about 3
to 6, nm \Wen the InP [ayer 107 is formed to be very
hetaraintrefenes, whennbagisondkedohstof thar fnBulayey 102 or
heterointerface greatly affects the selectivity of the
a tapnsihyer iayeranwdtbphsnezdt Ponivedt he formedgin the
condi ti ons of
interface because of bad forming conditions, the

selectivity of the InP layer 107 as the etch stopper layer
is significantly reduced in some cases.

Moreover, when the InP layer 107 is used as the etch
stopper layer, it is better that the InP layer 107 is made
thinner, and the thickness thereof is usually configured to
be about 3 to 6 nm. When the InP layer 107 is formed to be
very thin like this, forming conditions of particularly the
heterointerface greatly affects the selectivity of the InP
layer 107, and optimization of the forming conditions of
the heterointerface is therefore important.

As for the formation of the HEMT by MOCVD, supplies
of raw material gases for growing the InP layer 107 are
adjusted so that density of etched portions of the InP
layer 107 is equal to or less than a predetermined value

during etching of the InAlAs layer 107, InGaAs layer 108,



the heterointerface is therefore inportant. As for the

formation of the HEMI by MOCVD, supplies of raw

mat eri al gases for growing the InP layer 107 are

adj usted so that density of etched portions of the InP

| ayer 107 is equal to or |egs than a predeterm ned

value during etching of the InAl As |ayer 107, |InGaAs

| ayer 108, 4 0 and the like (for exanple, JP

Hei l | -266009A). In the formation of the HEMI by MBE
andr thgi afiken (6Pr pBREPURar JBeHerd 13 264R08A er i al

el ements is controlled according to formation of each
seni éBn8bet éprmayeenb9f thenHBYTohyaMBEef irsadiatien of
and val ves provided for respective nolecul ar beam
modggréas. bEps ?fj say mpkindaldedgmemtshowi sgnarolled
procedure of supplying raw materials when a
acgefdippnter facmapdpneesi erehl sAMASORgyetoandaykes byP
layer is formed by a conventional epitaxial growh
tugpiREdon PRAsPES Ahufibessupad Baawssobrpwidad famd As
are irradiated to formthe INAlAs |ayer, and in step
regpeRBLEGuMALebEaRs Bram| AouKgeP-arBIGrradi at@dtiningrm
.the InP layer. The In nolecular beamis irradiated
dlﬂﬁfﬁ@uﬁhﬁyﬂﬁ@ 3t pppegduandofi pupBL¥inenrav mAEeAdals when
nol ecul ar beam and irradiation of the P nolecular
2 pehRECapEcSLAGrt BREVASNY LRI fBAEASt daggEhabehshe IRe
InAl'As | ayer and InP |ayer are_thus continuousl
laVSFnéé.fﬂfmﬁﬁi?Ytﬁnﬁ?nVﬁnFé°a§éuﬁﬁétﬁﬁéﬁltEéoyﬁémeéBOd-
In step A, molecular beams of In, Al, and As are irradiated
to form the InAlAs layer, and in step B, molecular beams .of
In and P are irradiated to form the InP layer. The In
molecular beam is irradiated without being stopped, and
irradiation of the As molecular beam and irradiation of the
P molecular beams are simultaneously switched to each other.
The InAlAs layer and InP layer are thus continuously formed.
At this time, it is assumed that the supplied
molecular beams is instantaneously switched since the MBE
does not include gas flow unlike the MOCVD. 1In fact, in
terms of a molecular beam of a group III element (for
example, Al molecular beam), it has been confirmed that
intensity of the molecular beam supplied to the substrate
in the step B is not more than 1% corresponding to driving
time (usually not more than 1 second) of the shutter.

On the other hand, it has been found that the group V

element (As) 1s easily mixed when the heterointerface is



nol ecul ar beans is instantaneously swi tched since the

MBE does not include gas flow unlike the MOCVD. In

fact, in terns of a nolecular beamof a group Il

element (for exanple, Al nolecular beanm), it has been

confirmed that intensity ofs the nol ecul ar beam

supplied to the substrate in the step Bis not nore

than 1% corresponding to driving time (usually not

nore than 1 second) of the shutter. On the other hand,
forrmeqabepasigef hed veRer Presghsgpo¥ tbeemwoup( ¥splement is

easily mxed when the heterointerface is 5 0 forned
highgzusbanh&heipef phresgucerof Ifhelgrens nel pgaculss

hi gher than that of the group Ill elenent and
thﬁéﬁ@éu#@@alpﬁérééfareﬁﬁw%édc AUReEr GWER eRaRBethevenpply

after the supplg of the nolecular beamis stopped.
ofHshey BPleghdftthCegmndist srPPeHor iiPe tohdi §Fowshof t he

heterointerface) were determ ned w thout any
copgigience (formpage coafditaiong gfotipevhewsrednitesface) were

Accordi ngly, when opening and cl osing speed of the
dejgriidaedf WEkBOKS| apll sefBEaRCSotPcEBSEE ERBAdPERAL EAUP V

states of the shutters changed, the characteristics of
Mol REULREL er BF O R+ RG LY, DERGR PPEHENY N ASC hPRL pG GBpeed of

| ayers and _the InP layer slightly changed .
theovpé¥FEnaitn§PeoMPRECHABENPSaMoEOLKESEeRE hlRgOgrREaH1W

el ement s Fnolecular beam intensities of the renaining
stgrgdpol ERemshisFerRorbaverd, ther ehanachedissdeaneigéhe

that the selectivity was_| owered
hetercinterfaces between the InAlAs and InGaAs layers and

the InP layer slightly changed corresponding to the amounts
of the remaining group V elements (molecular beam
intensities of the remaining group V elements). Moreover,
there was a disadvantage that the selectivity was lowered
when the InP layer as the etch stopper layer of the HEMT
was formed in such a manner.

In order to solve the aforementioned problem, the
present invention was made with focusing attention on the
amounts of the group V elements remaining at switching of
the group V elements in epitaxial growth by MBE. An object
of the present invention is to propose an epitaxial growth
method achieving formation of a heterointerface with stable
characteristics and thus achieving formation of an InP etch

stopper layer with high selectivity.

DISCLOSURE OF THE INVENTION



when the InP | ayer as the etch stopper |ayer of the
HEMI was fornmed in such a manner. In order to solve
the af orenmenti oned problem the present invention was
made with focusing attention on the anounts of the
group V elenents remaining g swtching of the group
V elenents in epitaxial growh by MBE. An object of
the present invention is to propose an epitaxia
grom h nethod achieving formation of a
het ePoi aspetacefwthh prebket éhaeatteni é6i 63 epdtekdsl
achieving formation of an InP etch stopper |layer with
griewgh seitdod ot forml 8CseBUREBNORCTHE KRNYENTLON 6nAdduding a
aspect of the present invention is an epitaxi al
hegegatinettiood ofo af grevg Jd&d-dosdmprondt isenitohguctor by
including a heterojunction of a group Il1-V conpound
meaaRi Odndwdesiley beeanspdtamyl.eciharneeland eps t axyfigheed
method is configured to include: a first step of
toj Angdiugei:ng 4iwstestiear ofeamretiiagingeasmodpeudprgbeam of
Il elements and a nol ecul ar beamof a first group V
atellemsht ong Pér miraubi £ edepenns asdnicordecudrr| hpam of
a second step of stopping the irradiation of the
a fdlrégulbaoupedmedement geodprm B Elessntompaunthe
mol ecul ar beam of the first group V elenent to halt
segiepnRughor] lavegnoansespnohetepr of gtoppivgeltasgent
. supplied is reduced to 1/10 or less of that in the
irppadetisnepf 4he @oilkickdast bpawsf ofr thei arichg 411 element
nol ecul ar beam of at | east one of the group Il
and| shentwlggydlarnbeasmupPrir theafmirst group V element to halt

growth until an amount of the first group V element
supplied is reduced to 1/10 or less of that in the first
step; and a third step of irradiating a molecular beam of
at least one of the group III elements and a molecular beam
of a second group V element to form a second compound
semiconductor layer, which is different from the first
compound semiconductor, on the first compound semiconductor
layer. This allows the amount of the first group V element
mixed into the second compound semiconductor layer to be
not more than a predetermined value (for example, not more
than 0.05 by composition).

Another aspect of the present invention is an
epitaxial growth method to form a semiconductor thin film
including a heterojunctioﬁ of a group III-V compound
semiconductor by means of molecular beam epitaxy. The

method is configured to include: a first step of



of a second group V elenent to forma second conpound
sem conductor |ayer, which is different fromthe first
compound sem conductor, on the first conpound
sem conductor layer. This allows the anount of the
first group V elenent mxed into the second conpound
sem conductor |ayer to be not nore than a
predet erm ned val ue (for exanple, not nore than 0.05
by conposition). Another aspect of the present
irradéating BsmahecepbraReam gfoathleeshodneoofogneap III
sem conductor thin film including a heterojunction of
elgmgngapand| avmedapolay bsam edndutisptbygresrny efement to
nol ecul ar beam epitaxy. The nethod is configured to
formcrufiersa rprmppusdepenticonipchdralpigra Aokecandr step of
beam of at | east one of group Il elenents and a
StﬁﬁPé@Gléhebéﬁﬁﬁdﬁaéipnrgg gheupoVeendaesnbean ofokhragroup
first conpound seni conductor |ayer; a second step of
IIdt eppiaptt Ardi Ehadnaleenlar bRammpfetbeafibetingspPuphi
grou Il elenment and the nol ecul ar beam of the first
elgmgnp wndefieiadiahhngi araailachhgrabaameedl ar seeantdograup
second group V elenent to halt growmh until an anount
V gieppatf tpsnagiodpowvhebhibht a5uppPret P§ Eb&uéédstogroup
1/10 or less of that in the first step; and a third
V siepest pupPhépdi iFadrdurag Ao AdlBcaratebeapfothat in
| east one of the group Il elements to forma second
théoﬁﬁééﬁds§éﬁ?céﬁéuétEglFﬁyéF?pmﬁﬁcﬁuF§heéi#Féﬁéhﬁt#ﬂ@nﬁ
the first conpound sem conductor, on the first
modgRPdaAKdLSaR eéndtict8RSEagBe. OfkeEBe PROHReISdcBhEMents to

form a second compound semiconductor layer, which is
different from the first compound semiconductor, on the
first compound semiconductor layer. Here, in the second
step, while the molecular beam of the group V element is
irradiated, the molecular beam of the group III element is
not irradiated, thus the growth of the epitaxial layer is
halted. In the third step, therefore, the second group V
element can be supplied with desired molecular beam
intensity from the beginning of the formation of the second
compound semiconductor layer. Accordingly, the amount of
the first group V element mixed into the second compound
semiconductor layer can be further reduced.

Moreover, the first compound semicﬁnductor layer is
configured to be any one of an InAlAs layer and an InGaAs
layer, and the second compound semiconductor layer is

configured to be any one of an InP layer and an InGaP layer.



step, while the nol ecul ar beam of the group V el enent

is irradiated, the nol ecul ar beamof the group II

elenment is not irradiated, thus the growh of the

epitaxial layer is halted. In the third step

therefore, the second groupsV elenent can be supplied

Wi th desired nol ecul ar beam intensity fromthe

begi nning of the formation of the second conpound

sem conductor |ayer. Accordingly, the anount of the
Specificgtbdp Yhel presenki kewenhiont he sbeendfEeapbuadwhen

sem conduct or | ayer can be further reduced. Moreover,
thenhénPj tayesoipolipnamednpeordaciohlhayer TBGagenipyereds

to be any one of an InAl As |ayer and an InGaAs | ayer,
thanétﬁhesgéﬁﬁﬁé sonpbundiargpthdudiorPresatt jinvention

configured to_be any one of an |InP |layer and an | nGP
canagberalgopaprspedi Fpchneycaspevpeegehbei AoBRPTDA i s

al so effective when the InP layer is forned on the
SephAPPIUEECT nEAY8r Fagee BeVerhedebehtBabpple faysE.

Moreover, the present_invention can be also_applied
CORBOYRE §9@écﬁh€P§t?ﬁelébﬂﬁohﬁdanﬁeﬁ?@oﬁ@u%@o?nFa%@Ygr and

are reversed so that the first conpound sem conductor
an| 3pepPi sa¥py ane bheanerard| agBPoaRd SeRiraTARCEayetayver
. and the second conpound sem conductor |ayer is any
15 oRBY oPn@NCT nAN ASNR &F8r LAViEr apnd neaASNEager layer.

Hereinafter, a description is given of the way how

t he %?Jé%@?ﬁf?%erﬂi%?ﬁ‘%]sp%b@h torpt edrf dkihigiag ew

the present invention has been completed taking as an
example a case where an InP layer is formed on an InAlAs
layer.

First, after the InAlAs layer is grown on an InP
substrate, focusing attention on background As molecules
remaining in the growth chamber being mixed into the InP
layer while the InP layer is grown, an examination was made
of a relation between the amount of As mixed and etching
rate of the InP layer (with As mixed). Specifically, the
InP layer was grown with intensity of the As molecular beamn,
which corresponds to the background, varied by regulating
valve opening (valve opening and closing speed) when the
valve of the As molecular beam source is closed. An
examination was then made of the relation at that time
between the amount of As mixed and the etching rate of the
InP (As mixed) layer for a phosphoric acid type etchant.

FIG. 3 shows the correlation between the amount of As



exanpl e a case where an InP layer is fornmed on an

InAlAs layer. First, after the InAl As |ayer is grown

on an InP substrate, focusing attention on background

As nol ecules remaining in the growh chanber being

mxed into the InP layer wgile the InP |ayer is

grown, an exam nation was made of a relation between

t he amount of As mixed and etching rate of the InP

| ayer (with As mxed) Specifically, the InP |ayer was
migegwAndi thei atehingyratet pé pBenbnNBclhHprbedRr S¥ATEhl e,

corresponds to the background, varied by regul ating
inyghgecapenphigusiapva apém|h@lahdI@Poéamgrspéeapemnéﬂh

the valve of the As nol ecul ar beam source is cl osed.
stappesxaayaat i bhewaschheg wate bf raguisedt fonbat leaat than

time between the anount of As m xed and the etching
0.Lapw/8ect ha ordpr(ps abkedyr ragéstapreatphbbphphpephoric

acid type etchant. FIG 3 shows the correlation
achgt #gpR ehehanbuferoBOAseg arxBErand 1&m¢hﬁ%ﬁﬁ¢ﬁﬁmate

of the InP layer. For exanple, in the case of using a
refepkipgi ER FhA Iaythasamﬁ@nét@ﬁ Agtppped Laybhe Iﬁg

etching rate is required to be less than 0.1 nm sec
laVﬁromaéF b suPRrASFedi 5PafeBSt ort hesphb¥pReTPEsSihtprH

pe etchant for 30 sec or nore. In this case,

th?éﬁ@frl RE$ -ty the mmefurtt Jis Al¥gdeln ithe Henk np

| ayer nust be suppressed to 0.05 or |ess by _
laEeﬁpé§|ﬁﬁ5nt0tﬂeB§oPr bespr abihe etehEurRt®faggordingly

mxed in the InP layer is set to 0.02 or less. The
begp@ﬁpne pgtgmégggrgrnépys, and higher selectivity can be

obtained when the InP layer is used as the etch stopper
layer.

Next, an examination was made of changes in
intensities of As and P molecular beams accompanied with
opening and closing of the shutters and valves of the MBE
apparatus. FIG. 4 is an explanatory view showing a change
in intensity of the As molecular beam when the As molecular
beam is supplied and stopped. FIG. 5 is an explanatory
view showing a change in intensity of the P molecular beam
when the P molecular beam is supplied and stopped. Supply
of the molecular beams is started by opening the respective
shutters and valves at 10 sec on the time axis and stopped
by closing the respective shutters and valves at 30 sec.

Referring to FIG. 4, the intensity of the As
molecular beam is reduced to about 1/14 within about 1

second after the supply of the molecular beam is stopped



becomes 0.05 nm sec or |ess, and higher selectivity
can be obtained when the InP layer is used as the
etch stopper |ayer. Next, an exam nation was nmade of
changes in intensities of As and P nol ecul ar beans
acconpani ed with opening angl closing of the shutters
and val ves of the MBE apparatus. FIG 4 is an
expl anatory view showing a change in intensity of the
As nol ecul ar beam when the As nol ecular beamis
anduppl L1€80and sesppwdthEnGabbuits 18nsexphdrat ddty thvé evther
showi ng a change in intensity of the P nol ecul ar beam
hapHenrefierPingl scuFak.béanmthe dopphsétyand sheppenolecular
Supply of the nolecular beans is started by opening
beene isespduciedetoshbpuer 8 /dndithlinesbatit10 second afiter
time axis and stopped by closing the respective
thehgupply afidthel medeanld® beem Ref etpppgdt angll Gs Zeduced
the intensity of the As nolecular beamis reduced to
toabddP01pr4lasshivathbousboutséfondcanter tHelsupprea bs
the nol ecul ar beamis stopped 10 0 and to 1/50 or
thpgssewprhilnrabeant10fsvodnguleenofhihet bepuphinglement
referring to FIG 5, the intensity of the P nolecul ar
suppaiedsatetibeedroythbsamaln7ini thengabwbh ¢hswbendeven
after the supply of the nol ecular beamis stopped and
afterr shaceurriy of10beomolesylairt heamabsusteppedcbadsuse

This reveals that several percent of nolecules of the
ofgebaphvol| #apar pressure of the group V element and the

group V element is more likely to be mixed during the
formation of the heterointerface. As for the supply of the
P molecular beam, it takes a few seconds td reach desired
molecular beam intensity.

Furthermore, the process in the case of forming the
InP layer on the InAlAs layer was studied, and an
experiment was carried out for the purpose of obtaining an
optimal heterointerface forming process by experimental
analysis of a relation between thickness of the transition
layer of the heterointerface and the amount of As mixed.
It was then found out that when the growth of the InP layer
was started after the intensity of the As molecular beam
reaches 1/10 or less of the amount of As supplied during
the growth of the InAlAs layer, the amount of As mixed was
0.05 or less in the composition, thus completing the
present invention.

According to the present invention, an epitaxial



supplied at the growh remain in the growh chanber
even after the supply of the nolecular beamis
st opped because of the high vapor pressure of the
group V elenent and the group V elenent is nore
likely to be m xed during tire formation of the
heteroi nterface. ‘As for the supply of the P nolecul ar
beam it takes a few seconds to reach desired
nol ecul ar beamintensity. Furthernore, the process in
groWshcasghefl tor APy ﬁhéemiﬁpnﬂéyéproﬁhﬁhefigmlA§ Rpag&pup
was studied, and an experinent was carried out for
ITin¥ pampevadofenbranduagosninepuiia Behetsraivpfasen by
form ng process by experinmental analysis of a
mepasapfonobecuean éﬁﬁmkﬁ§§§abﬁ tHecendnguredntol apetuge: a
the heterointerface and the anmount of As m xed. It was
firsénstepnafodrredaatinenat nelgeonel beamhef| ab Lagek one
was started after the intensity of the As nol ecul ar
ofhgzeuprr édéhesenenysorntegsmefecHéannbean of Asfirst group
supplied during the growh of the InAl As |ayer, the
V gdsmRntoroaforiixadfhast gopposnd esyipanghetor layer; a
conposi tion, thus conpleting the present invention,
sefeper 8tRy P6 Eherpirgerbhei pvsadishioancépthaxmaleselar
grom h nethod to forma sem conductor thin filmof a
begrogp thel gyoeBnpédnglsssnEoandctBe Madpguilpg heam of the
.heterojunction by nmeans of nolecular beamepitaxy is
figskf PgaPRdVt 6LPRERGIED BalFi9§PW§PeHn§ﬂliﬁﬂaéWﬁFP%goﬁ the
.ol ecul ar beam of at |east one of group Ill elenments
fizs4 arevPe¥updrMmBBANSEPPALLAr 46 Heduped to 1/10 or less

of that in the first step; and a third step of irradiating
a molecular beam of at least one of the group III elements
and a molecular beam of a second group V element to form a
second compound semiconductor layer, which is different
from the first compound semiconductor, on the first
compound semiconductor layer. Accordingly, the amount of
the first group V element mixed into the second compound
semiconductor layer can be not more than a predetermined
value (for example, not more than 0.05 in the composition).
Consequently, when the InP layer as the etch stopper
layer in the HEMT structure is formed by the epitaxial
growth method of the present invention, it is possible to

obtain very high selectivity and enable fine etching.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1is a cross-sectional view of a structure of an



V element to forma first conpound seni conduct or

| ayer; a second step of stopping the irradi ation of

the nol ecul ar beam of the group Il elenment and the

nol ecul ar beam of the first group V elenent to halt

grow h until an anmount of tipe first group V el enent

supplied is reduced to 1/10 or less of that in the

first step; and a third step of irradiating a

nol ecul ar beam of at | east one of the group Il
epitartal sgrawthalapeecibanibgaem betarsgunatignouptyrface

el emrent to forma second conpound sen conduct or
actaydingwhpchhesedbpfiément. fromthe first compound

sem conductor, on the first conmpound sem conductor

| ayeFIGAceot8li agtiminhedbapran ofowime 4iraw mpibepial

el ement m xed into the second conpound sem conductor
suppygrpranederaobyndneephiaxaapr gdevehnnacbodvargerdiong to

exanpl e, not nore than 0.05 in the conposition).
theopsegeent ipvenhdant he I nP | ayer as the etch stopper

| ayer in the HEMI structure is forned by the epitaxia

gr oW EG ned hbel @ erxplprateny Viheenshowingtairebatsenl e

to obtain very high selectivity and enable fine
betvednngn SBRPERFt DESCRE PTEBRACFNEHEL DRAVENGSEE| f anj gnj§

cross-sectional view of a structure of an 12 0 O
laggrtaxial growth layer forming a heterojunction

interface according to the enbodinment, FIG 2 is a,

ti m hEC di AgtaniBhosPhynat 9aW Whewrslpwing a change in

intensity of an As molecular beam when the As molecular
beam is supplied and stopped.

FIG. 5 is an explanatory view showing a change in
intensity of a P molecular beam when the P molecular beam
is supplied and stopped.

FIG. 6 is a cross-sectional view of a general HEMT
structure.

FIG. 7 is a timing diagram showing a raw material
supply procedure by an epitaxial growth method according to

a conventional art.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, a description is specifically given to a
preferred embodiment of the present invention based on the
drawings.

FIG. 1 shows a semiconductor thin film according to

this embodiment. The semiconductor thin film is formed by



supply procedure by an epitaxial growh nethod
according to the present invention. FIG 3 is an
expl anatory view showing a relation between an anount
of As m xed and etching rate of an InP layer. FIG 4
is an explanatory view showfig a change in intensity
of an As nol ecul ar beam when the As nolecular beamis
supplied and stopped. FIG 5 is an explanatory view
showi ng a change in intensity of a P nolecul ar beam
gralvengt he PnAdPRecudlayerb@@moni ensdippl sedsamdtet dppeéd. MBE
FIG 6 is a cross-sectional view of a general HEMI
angt fuctbee. gEb@ing ias aAnPi AaygrdBlgtarrshowi Ny a raw
material supply procedure by an epitaxial growh
hefrerhddtecface bgtweenatbenteAllRsndbyert 20BESE MOBEIRER
CARRYI NG OQUT THE | NVENTI ON Herei nafter, a description
laysrspecirkispahnidg giovéhet bederpisterfedeerbtdespnthef InAlAs
the present invention based on the drawings. FIG 1
lagykowd 04 sendi thveddofod atyieirn 10771 mfatber HEME st ruchiuge shown
enbodi nent. The sem conductor thin filmis fornmed by
in18Igrowi.-ng an I nAl As |ayer 20 on an InP substrate 10
by MBE and further growing an InP | ayer 30 thereon. A
het eF&Gnt 8rface bémimendihgramAbpevwingesr 2owamdteheal

I nP
supply procedure by an epitaxial growth method according to

the present invention. First, irradiation of In, Al, and
As molecular beams is started at time Ty to grow the InAlAs
layer 20 on the InP substrate 10 and then stopped at time
Ti1, thus forming the InAlAs layer 20 with a thickness of
200 nm (step a).

At the same time when the irradiation of the In, Al,
and As molecular beams is stopped at the time Ty,
irradiation of a P molecular beam is started, and the
growth is halted for a period of time (for example, 30
seconds) until the As molecular beam intensity is reduced
to 1/10 of that in the step a (step b). In this step b,
the P molecular is being irradiated, but the In molecular
beam is not being irradiated, so that InP layer 30 is not
formed. Moreover, referring to FIG. 5, it takes several
seconds for a supply of P to be increased to desired
molecular beam intensity. When the irradiation of the P
molecular beam i1s started at the same time when the As

molecular beam is stopped, therefore, the P molecular beam



| ayer corresponds to the heterointerface between the
InAl As |ayer 106 and the InP | ayer 107 of the HEMI
structure showmn in FIG 6. FIG 2 is a timng diagram
showing a raw material supply procedure by an
epitaxial growth nmethod accpgding to the present
invention. First, irradiation of In, A, and As
nol ecul ar beans is started at tinme To to grow the
InAl As | ayer 20 on the InP substrate 10 and then
capt bppedpraliednwithi 2 degd redr moAgcuher| AntAssiyefrad the
with a thickness of 200 nm (step a). At the sane tine
beghaningeoifr sa@bati-on of the In, A, and As nol ecul ar
beans is stopped at the tinme Ti, irradiation of a P
mol e€ubaeqapenrlys starivd, Tandl xrrdiafriow rof sthallred
for a period of tinme (for exanple, 30 seconds) until
mof. geuAgrnpraBuvas Béaktedt asistyrits thedgsewtht ef1the &P
that in the step a (step b). Inthis step b, the P
laigrredQl arnPsabeitafei Foadl sradiabiuent e Fie nbh cznd af
beamis not being irradiated, so that InP layer 30 is
mopgrulpgr hedms\weEsy Storpefler thig formiag Shej fnPakager 30
several seconds for a supply of P to be increased to
wiglsir &bickpresulPar Sh€anmi NEERSI €Y. Wien the
irradiation of the P nolecular beamis started at the
sanmeTheneepheandnetas thbneéilmr obbanmmned BYophed,
therefore, the P nolecul ar beam 14 can be sugplted .
afgirenpeatdespdeaifoagursFhedAt BN s NEr 8nPRREPNBEYENAFAE

of Steﬁ C. . .
type etchant, and etching time until the InP layer 30 was

removed was measured to evaluate etching resistance of the
InP layer 30. In the result, the surface of the InP layer
30 did not change within 40 seconds and was turned cloudy
within 45 seconds, and the InP layer 30 was completely
removed within 50 seconds. Specifically, the etching rate
of the InP layer 30 according to the embodiment is 0.06
nm/sec, and referring to FIG. 3, the amount of As mixed in
the InP layer 30 was estimated to be about 0.025 in the
composition. As described above, with the epitaxial growth
method according to the present invention, the amount of As
mixed into the InP layer 30 is reduced enough to a level
not affecting the etching resistance of the InP layer 30.
Accordingly, the InP layer 30 as the etch stopper layer
provides very high selectivity.

Next, as a comparative example, a description is

given of a semiconductor thin film formed by a conventional



Subsequently, at tinme T2, irradiation of the In
nmol ecul ar beam was started to start the growh of the
InP layer 30, and at tine T3, irradiation of the In
and P nol ecul ar beans were stopped, thus form ng the
InP layer 30 with a thickmess of 3.0 nm(step c). The
sem conductor thin film obtained by the
af orenenti oned way was etched by using a phosphoric
acid type etchant, and etching tine until the InP
arftayeFIG0 Wwass & ehDveng whsageas uskolving evataatratechs hg
resistance of the |InP layer 30. In the result, the
suppiivapesoctdule bgPahageditad@adi dronwthchatbedwatbonddfg to
seconds and was turned cloudy wthin 45 seconds, and
theheohnBntaperl38rwas conpl etely renoved w thin 50
seconds. Specifically, the etching rate of the InP
| ayeFigstacabrting to tieratizdioremt ith®. 06 Alhmaet As
and referring to FIG 3, the amount of As mixed in the
mollgPullayebednswissestrmbieddtoogibevabbat I0A0RE iLayehe20 on
conposition. As described above, with the epitaxial
thgr dwPhsupsthatieadfor ddhgtime ttie prhesdmradiedritdromt tihe
amount of As mixed into the InP layer 30 is reduced
AleabdghAst mojekulakr bmpemsaWkecskagprede thuki igrming the
resi stance of the InP layer 30. Accordingly, the InP
Inpader lageaszPbhwishch shopparsbapér 200r owi desepehy . hilyh
selectivity. Next, as a conparative exanple, a
thdes&impri hei $n grleaudphrabsam waaduetostonbadf Rheh
f or med b{ a conventional 15
continuously irradiated.

At the same time when irradiation of the Al and As
molecular beams was stopped at the time t;, the irradiation
of the P molecular beam was started to grow the InP layer
30. At time t,, the irradiation of the In and P molecular
beams was stopped, thus forming the InP layer 30 with a
thickness of 3.0 nm (step B).-

The semiconductor thin film obtained by the
aforementioned way was etched by using a phosphoric acid
type etchant, and the etching time until the InP layer 30
was removed was measured to evaluate the etching resistance.
In the result, the InP layer was completely removed by
etching for 20 seconds. Specifically, the etching rate of
the InP layer according to the comparative example was 0.15
nm/sec, and referring to FIG. 3,.the amount of As mixed
into the InP layer 30 was estimated to be about 0.084 in

the composition. 1In the conventional art, the supply of



O art. FIG 7 is a timng diagramshow ng a raw

material supply procedure by an epitaxial growth

nmet hod according to the conventional art. First, at

time to, irradiation of the In, A, and As nol ecul ar

beans was started to grow tiwe I nAl As | ayer 20 on the

InP substrate 10. At time t1, the irradiation of the

Al and As nol ecul ar beans was stopped, thus formng

the InAlAs layer 20 with a thickness of 200 nm (step
tha) InAmolerhéari heamt he natnsteppnedr BeEnthasinsadiation

stopped and continuously irradiated. At the sane tine
ofweke Prhadeaulen beamhésAstantiedsimmefiéatrdy béhat GhS

stopped at the tine t1, the irradiation of the P
irpaféetiian péarhpadssrateecyles geeaw tRestaPPedybp  30.

At time t2, the irradiation of the In and P nol ecul ar
copbanyouasystoppetinet kodlher hprgrt A6 pRP FafetagerwPh It

a thickness of 3.0 nm(step B). The sem conduct or
waghtherpfarebcanaédebgdt Rbatahsr saBALndREdinayhaagrowth

etched by using a hos?horic acid type etchant, and |
rOPﬁeWéﬁcﬁPHgthﬁﬁoughﬁl nRelprPr| d)efo30edines EbADOEGhing

was neasured to evaluate the etching resistance. In
reghetpasal oL the [RP layer #Hs conpletely renoved by

etching for 20 seconds. Specifically, the etching rate

of %ﬁed¢ﬁ¢m¥%9@ra%%%%rdWh@nt%h@h%e%%ﬁﬁh@§@¥@%0%x%ﬁ%W%en

was 0.15 nm'sec, and referring to FIG 3, the anount
thef IpBlipxédyerneBdt hBe| APP| Ap¥Pr3DSWASTESH Rt BRet Brpgent

about 0.084 in
invention, the epitaxial growth is temporarily stopped

according to attenuation of the intensity of the As
molecular beam. It is therefore possible to prevent the
group V element (As), which is unnecessary in the InP layer,
from being mixed into the InP layer and thus form a sharp
heterointerface. In the case of using the InP layer as the
etch stopper layer, even when the InP layer is formed to be
very thin, the characteristics (etching resistance) thereof
is not degraded, and the InP layer provides high
selectivity.

Hereinabove, the present invention made by the
inventor is specifically described based on the embodiment.
However, the present invention is not limited to the
aforementioned embodiment and can be modified without
departing from the scope of the invention. For example, in
the embodiment, the description is given of the case where

InP layer is formed on the InAlAs layer. However, when the



the composition. In the conventional art, the supply

of 16 the In nolecular beamis not stopped, and the

irradiation of the P nol ecular beamis started

i medi ately after the irradiation of the As nol ecul ar

beamis stopped to continuously formthe InAl As | ayer

20 and InP layer 30. It was therefore considered that

As remaining in the growmh roomwas mxed into the

InP layer 30 to reduce the etching resistance of the
InGaRs| apger3a@ndAshdedoGabBedagboveerahénrmhd instead of the

het eroi nterface between the I nAl As | ayer and the InP
InRdper legefornmddthe The@ pegsent rebpeentivehy,t hbe same

epitaxial growmh is tenporarily stopped according to
efdecénaati be obtihsednt esregvarf, twleeAsthernf@owdrlayers

beam It is therefore possible to prevent the group V
arel enertrseAy) stwhicthried, uinecessmpyei nwhhe thP [ahkéRs or

frombeing mxed into the InP layer and thus forma
InghaAsplaferersi fivemedcen kthet ApPcaselnGabsiiayerhethaPsame

| ayer as the etch stopper |ayer, even when the InP
efifagdr ces ber pbdatioede very thin, the characteristics

(etching resistance) thereof is not degraded, and the

InP | ayer provides high selectivity. Hereinabove, the

present invention nade by the inventor is
INDPEERIAEaPPYLAEABLLBEY based on the enbodi nent.

However, the present invention is not limted to the

af or henpreaedtebhvenbian aad kanubdkl pedf irdawkepbuelogy

departing fromthe scope of the invention. For
toefanpl e, grqup III-V compound semiconductor thin film

including a heterointerface between layers containing
different group V elements, for example, production of a
high electron mobility transistor (HEMT) using an InP layer

as the etch stopper layer (etching control layer).



the enbodi nent, the description is given of the case
where I nP layer is forned on the InAl As | ayer.
However, when the 17 InGaAs |ayer and the I nGP | ayer
were forned instead of the InA As |ayer and the InP
| ayer, respectively, the sane effect can be obtained.
Mor eover, when the fornmed |ayers are inversely
structured, for exanple, when the InAl As or [|nGaAs
| ayer is formed on the InP or InGaP |ayer, the sane
ef fect can be obtained. IQUAJSIRI AL APPLI CABI LI TY The
present invention can be utilized in a technology to
forma group I11-V conpound seni conductor thin film
i ncluding a heterointerface between | ayers contai ni ng
di f fr et ¢pbudxiakl gnewtls, mébhodxaapfermpz oslemi ¢ondettor
a high electron nobility transistor (HEMI) using an
thinPfiameincaudihe ethbtsroppectiapeprf(atghpng EdhtVol
| ayer). 0 18 CLAIMS 1. An epitaxial growth nmethod to
cofipound semiconductor byhineahs| afi melediihgrabeam epitaxy,
heterojunction of a group IIl-V conpound
theemethaducooprbgingans of nol ecul ar beam epitaxy, the
nmet hod conprising: a first step of irradiating a
mol eguf Brsbeabepfoft irra@dhgtingea onogeoupar | Peanepbndt
and a nol ecul ar beam of a
least one of group III elements and a molecular beam of a

first group V element to form a first compound
semiconductor layer;

a second step of stopping the irradiation of the
molecular beam of the group III element aﬁd the molecular
beam of the first group V element to halt growth until an
amount of the first group V element supplied is reduced to
1/10 or less of that in the first step; and

a third step of irradiating a molecular beam of at
least one of the group III elements and a molecular beam of
a second group V element to form a second compound
semiconductor layer on the first compound semiconductor
layer, the second compound semiconductor layer being

different from the first compound semiconductor.

2. An epitaxial growth method to form a semiconductor
thin film including a heterojunction of a group III-V
compound semiconductor by means of molecular beam epitaxy,

the method comprising:



first group V elenent to forma first conpound
sem conduct or | ayer; a second step of stopping the
irradi ation of the nolecular beam of the group Il
el ement and the nol ecular beam of the first group V
el enent to halt growth untidgan anount of the first
group V elenent supplied is reduced to 1/10 or |ess
of that in the first step; and a third step of
irradiating a nol ecul ar beamof at |east one of the
groud firselehentefahdradheréndl armpeaanbsr beamcofdat
group V elenent to forma second conpound
legefi epadaét erobryéiIorlementpr gndcanpodagular beam of a
sem conductor |ayer, the second conpound
fisewi gspupcVorlrapat bei Agrmdef férsht chmpRnAe fir st
conpound sem conductor. 2. An epitaxial growh nmethod
sempCcPpAnraosehpy6fiductor thin filmincluding a
het er ojunction of a group Il1-V conpound
seni @ofdGendr shgPneinstePriby ctlf at rhedhrbpPRafy, thehe
nmet hod conprising: 19 0 a first step of irradiating a
mOh@pééarabeB@aﬁﬁo%hatgrpéﬁsﬁlén@l@megﬁoapdltheem@ﬁﬁﬁuéar
and a nol ecul ar beamof a_ first group V elenent to
beppr afather §ireénpsand VseArwsnduandr irapdiatangedond
step of stopping the irradiation of the nvolecul ar
mopeghlatr PRaMgPSup PRFoBFemBRUPaMdelRBERS| Eeuhalt Bsanth

of the first group V elenent and irradiating a
until an amount of the first group V element supplied is

reduced to 1/10 or less of that in the first step; and

a third step of further irradiating a molecular beam
of at least one of the group III elements to form a second
compound semiconductor layer on the first compound
semiconductor layer, the second compound semiconductor

layer being different from the first compound semiconductor.

3. The epitaxial growth method as claimed in any one
of claims 1 and 2,

wherein the first compound semiconductor layer is any
one of an InAlAs layer and an InGaAs layer and the second
compound semiconductor layer is any one of an InP layer and

an InGaP layer.

4. The epitaxial growth method as claimed in any one
of claims 1 and 2,

wherein the first compound semiconductor layer is any



nol ecul ar beam of a second group V elenent to halt
gromh until an anmount of the first group V el enent
supplied is reduced to 1/10 or less of that in the
first step; and a third step of further irradiating a
nmol ecul ar beam of at |east2gone of the group Il
el ements to forma second conpound sem conduct or
| ayer on the first conmpound seni conductor |ayer, the
second compound semni conductor | ayer bein% di fferent
ongr gk BRe IRPr d8YesnpBdnansénftaBndaresr and. tirgesecond
epitaxial growth nmethod as clained in any one of
coppgipg sempgopdugkerelayekeifi pBY ebfpefingn InAlAs layer
sem conductor layer is any one of an InAl As |ayer and
angpapn&rEgAeay8yednd the second conpound semi conduct or
| ayer is any one of an InP |ayer and an InGaP | ayer.
4. The epitaxial growh nmethod as clained in any one
of clainms 1 and 2, wherein the first conpound
sem conductor |ayer is any 20 one of an InP |layer and
an I nGP | ayer and the second conpound sem conduct or
| ayer is any one of an InAl As |layer and an |InGAs
layer. 0 O



