1 DESCRI PTI ON EPI TAXI AL GROMH METHOD TECHNI CAL FI ELD The present invention
relates to a nethod of formng a group IlI-V conpound sem conductor thin
filmincluding a heterojunction interface, and specifically, relates to an
epitaxial growh nmethod suitable for manufacturing a high electron nobility
transi stor (HEMI) using an InP |ayer an etch stopper layer (an etching
control |ayer). BACKGROUND ART Epitaxial crystal of a high electron nobility
transi stor (hereinafter, abbreviated to a HEMI) structure has hitherto been
conposed of a group I11-V conpound sem conductor thin filmformed by netal
organi ¢ chem cal vapor depositi amEgMEX™VI)owr nol ecul ar beam epi t axy (MBE)
For exanple, a structure has been proposed, in which sem conductor |ayers
including an InAl As |ayer and an [InGaAs |ayer are stacked on an InP
substrate and an InP layer is further formed as an etch stopper layer. FIG

6 shows a basic configuratEprraf 1A GROWENT METHED Ure i ncluding the etch
st opper | ayer conposed of the InP |ayer. The HEMI structure shown in FIG 6
i ncl udes an 2 undoped InAl As | ayer (buffer layer) 102, an undoped | nGAs

TECHNICAL FIELD

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 cocrganic 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. & includes an



| ayer (channel layer) 103, an undoped |InAl As | ayer (spacer |layer) 104, an
n-type inpurity doped InAl As |ayer (electron supply layer) 105, an undoped
I nAl As | ayer (spacer layer) 106, an undoped InP |layer (etch stopper |ayer)
107, an n-- type inpurity doped InAl As |ayer (resistance reducing |ayer)
108, and an n-type inpurity doped Incafs | ayer (resistance reducing |ayer)
109, which are stacked on a sem-insulating substrate 101 nmade of InP. The
n-type InAl As |ayer 108 and n-type InGaAs |ayer 109 are individually

di vided by etching. The InP layer 107 is exposed in the etched area. On

i ndi vi dualndbhpediethAiaxd slawdfr t (suf fGaAsa yayer1 309, arhimdopiectnastes 110 and
111, each of which serves as a source or drain electrode, are forned. On

t he exposkslygartctainidle 1R ayer3, 106h wndeded tinalalectaede, (ydiedr serves as
a gate electrode, is formed. 1In the above described HEMI structure, etching

rate (phosphor i 04HCidh of-oidd | nped 0k Yot CeRAs dfayidre {diRctdmyrer 107 is
several tenths or several hundredths of etching rate of the InAl As | ayer

108 or | n&adsly ayere 09105 Acordideded Irnral AP dyaarer (skidcds 18ssrer oded by
the etchant and can provide very high selectivity. The InP |layer 107

t her ef or el (f Aysn auriddpeed MY edardn NG tdiats teipgddmdlayocaads, tan trhe | nAl As

| ayers 105 and 106 under the InP |ayer 107 to degrade device

char act ertwia cianpirite ddipdd RUKIRasldyah freaguaneyce hagdacdiarg stics.
layer) 108, and an n-type impurity doped InGaAs layer
(resistance reducing layer) 109, which are stacked on a
semi~insulating substrate 101 made of InP.

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, chmic electrodes 110 and 111, each
cf 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 109.
Accordingly, the InP layer 107 is less ercded 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.



3 In the above described HEMI structure, heterojunction interfaces
(hereinafter referred to as heterointerfaces) between materials including
different group V elenents are fornmed between the InAl As |ayers 106 and 108
and the InP layer 107. In such a device utilizing heterojunction, device
characteristics are greatly affected Qy steepness and flatness of an atomc
conposition distribution in the heterointerface. For exanple, in formng
this heterointerface, when As is mxed into the InP layer 107 or a
transition layer with As and P mixed is forned in the interface because of

bad form ng comdi tdhensbdviee deseiraeledviHEMTO s tirffie: thide ,| ayedfe ri3inas ildie et ch
stopper layer is significantly reduced in sone cases. Mreover, when the

| nP | ayeririsr facaks ethaxse e R re fdroRpercd ayehetdrditmifiedihat the I nP
| ayer 107 is nade thinner, and the thickness thereof is usually configured

to be almsiweer aftamaMhemdhgliimpP didRired}? drodprned drertes aveyy thin
like this, formng conditions of particularly the heterointerface greatly
af fects tihernset andtiwddry tfe thallaP 1dyawer 1007 . arand 0ptdnd z2aid amrof the
formng conditions of the heterointerface is therefore inportant. As for
the for natdyar afot.he THENGchy aMIeVRcesupphiies ngohetawoqahetiah,gases for

growi ng the InP layer 107 are adjusted so that density of etched portions
of the InRvice characteristics are greatly affected by steepness

and flatness of an atomic composition distribution in the

heterointerface. For example, in forming this

heterointerface, when As is mixed into the InP layer 107 or

a transition layer with As and P mixed is formed in the

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,



| ayer 107 is equal to or less than a predeterm ned value during etching of
the InAl As | ayer 107, InGaAs |ayer 108, 4 and the |ike (for exanple, JP
Hei |l | -266009A). In the formation of the HEMI by MBE, irradiation of
nol ecul ar beans of raw nmaterial elenents is controlled according to
formati on of each sem conductor |ayer oy turning on and off shutters and
val ves provided for respective nolecul ar beamsources. FIG 7 is a timng
di agram showi ng a procedure of supplying raw naterials when a
het eroi nterface between the InAl As |ayer and the InP layer is forned by a
convent i crrad g tladkenl { fgrowdamEiehodlP Hel -6 6809l .ecul ar beans of In, A,
and As are irradiated to formthe InAl As |layer, and in step B, nolecul ar
beans of In amch Rhar €ortmaadicat ed toef GIEMTt by MBR,| dyeadibhdonn ofmol ecul ar
beamis irradi ated w thout being stopped, and irradiation of the As
mol ecul amdiesmm land baanadicat iraw afatidid a 1P gindregitsar Heanmmyld &l nul t aneousl y
swtched to each other. The InAl As |ayer and InP | ayer are thus
cont i nuoustgbAdirmed.o Aodntstsidr e, ddch Seasismeihddrat tadhersuppl i ed
nol ecul ar beans is instantaneously switched since the MBE does not include
gas fl owtundriikey tdre dMACAEL Ishuftaeirs iahd vl Ofprvinleer ey beam of a group
11 elenment (for exanple, A nolecular beam, it has been confirned that
i nt ensi t ywaedfpddtel v lredid carl dre s pplureds.0 Flie.sGbsstrat eiming

diagram showing a procedure of supplying raw materials when

a heterointerface between the InAlAs layer and the InP

layer is formed by a conventional epitaxial growth method.

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. In 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) is easily mixed when the heterointerface is



in the step Bis not nore than 1% corresponding to driving tine (usually
not nore than 1 second) of the shutter. On the other hand, it has been found
that the group V elenent (As) is easily m xed when the heterointerface is 5
formed because the vapor pressure of the group V elenent is higher than
that of the group Il elenment and nol ecules thereof remained in a growth
chanber even after the supply of the nolecular beamis stopped. However,
growh conditions (form ng conditions of the heterointerface) were

determ ned wi thout any reference to these remaining group V nolecul es.

Accor di N rmer & RRBIH "R O B SRRE G Ofthed Rgrod) Wese leind-tie il ecul ar
beam sources or the operation states of the shutters changed, the

char act eriisgiens t0fart Rehatheiferdidt@diac as bellweemt Rhd ARG | NGaAs
| ayers and the InP |ayer slightly changed corresponding to the anmounts of

the renmaidHe @l Qi iRl EneNts et Whimdieavdmtamnsid itese Gfuddlg, remai ni ng
group V elenents). Moreover, there was a disadvantage that the selectivity

was | onered tHshedb et laP Heayreri A ddppert.chusiveppel, bayetnhof the HEMI  was
formed in such a manner. In order to solve the aforenentioned problem the

present iduteiitd iGdh VasE Jrade gV ddhd1aGiusi NG AN etk 11 ride f s URLes-0f t he

group V elenents renmaining at swwtching of the group V elenents in

epi t axi aldegfemtihddy WBhoAN 0B} &ference to these remaining group V
molecules. Accordingly, when opening and closing speed of
the valves of the molecular beam sources or the operation
states of the shutters changed, the characteristics of the
heterointerfaces 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



of the present invention is to propose an epitaxial growh nethod achieving
formation of a heterointerface wth stable characteristics and thus
achieving formation of an InP etch stopper layer with high selectivity.

DI SCLOSURE OF THE | NVENTI ON 6 An aspect of the present invention is an
epitaxial growh nethod to forma senpconductor thin filmincluding a

het eroj unction of a group IIl-V conpound sem conductor by neans of
nol ecul ar beam epitaxy. The nmethod is configured to include: a first step
of irradiating a nolecular beamof at |east one of group Ill elenents and a

nol ecul ar beamm adhddt df HHURB A RIAMEHydrR: fOf MaA rﬁﬁiwﬁr&und
sem conduct or | ayer; a second step of stopping the irradiation of the

nol ecul ar g Be@M Ohe t N6 I OURL A | 2 & @RERGnd @b £ Nen 1wl ecuh afndeam g 4 he first

group V elenent to halt growth until an amount of the first group V el enent

suppl i ed h&tr&psieee1oh 1440 afrd@s s of - hdmpduddiesdnii Sdnagdepr wpd a third

step of irradiating a nolecular beamof at |east one of the group II

el enents Rasha &P!REIE AT DEIR Rl e 86PN THEOWR tYcdl 8RERlonifa i@y a second
conpound sem conductor layer, which is different fromthe first conpound

senm condugd OfncDikid Nea T£1 84+ OGO SEME e o mdBY@ItadBSaml bpws the

anmount of the first group V elenent mxed into the second conpound

sem condugt Ol ed Sy e6nd P roup 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
and 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, which is different from the first
compound semiconducteor, 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 semiceonductor thin film
including a heterojunction of a group III-V compound
semiconductor by means of molecular beam epitaxy. The

method is configured to include: a first 'step of



not nore than a predeterm ned value (for exanple, not nore than 0.05 by
conposition). Another aspect of the present invention is an epitaxial
grow h nmethod to forma sem conductor thin film including a heterojunction

of a group II1-V conpound sem conductor by means of nol ecul ar beam epit axy.
The method is configured to include: a first step of 7 irradiating a
nmol ecul ar beam of at |east one of group Il elements and a nol ecul ar beam

of a first group V element to forma first conmpound sem conductor |ayer; a
second step of stopping the irradiation of the nol ecul ar beam of the group
1l elenment and the nol ecul ar beam of the first group V elenent and
i rradiatiingadind ieculaamdiesmlefr desfc e gr dyasty @lenehtgdianhal It growt h
until an amount of the first group V elenent supplied is reduced to 1/10 or
| ess of tdiments tdel fa meiletidpir dehma dfig & ivtsp gfodpurt hfdrerantadicat i ng a
nol ecul ar beam of at | east one of the group Il elenents to forma second
conpound e comducitorcdmyeind \Wentilvdreiuatidd eragndr f romddwend istsdp eapound
sem conductor, on the first conmpound sem conductor |ayer. Here, in the
second sHteppinty ltthet hiermmlieduiloar dfeameomdlreudrantpeénelcefieiie igkoup
irradi ated, the nolecular beamof the group Il elenent is not irradiated,
t hus t he Orbwilenent e pHeariclledudy®r Heam el etk Airdtheyrdupg dr st ep,
therefore, the second group V

element and irradiating a molecular beam of a second group

V element to halt growth until an amcunt 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, which is

different from the first compound semiconductor, on the

first compound semiconductor layer. Here, in the second

step, while the molecular beam cof 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 semiconductor layer is
configured to be any one of an InAlAs layer and an InGals

layer, and the second compound semiconductor layer is

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



el ement can be supplied wth desired nol ecular beam intensity fromthe
beg-inning of the formati on of the second conpound sem conductor | ayer.
Accordi ngly, the amount of the first group V elenment mixed into the second
conpound sem conductor |ayer can be further reduced. Mreover, the first
conpound sem conductor |ayer is conf%gured to be any one of an InAl As | ayer
and an InGAs |ayer, and the second conpound sem conductor |ayer is
configured to be any one of an InP layer and an InGP | ayer. 8 Specifically,
the present invention is also effective when the InP layer is forned on the

| NAl As orsdet@eicd1aygr @ gttt rsicopiem liay erlsMarraearivd Ry esent
invention can be also applied to the case where the conpound sem conductor

| ayers armhd emar sledreo ithdo el fon the qomen dsam@erduch@ir layer is any
one of an InP layer and an InGaP | ayer and the second conpound

sem condutiored @y &t ogferaMay@iie oMoaBokBA, Ashkapeesand anvenGads | ayer.
Hereinafter, a description is given of the way how the present invention

has been qoneetatd algpld <36 taN tHRX AEY whetRS @ hehefosmpurldP | ayer is formed
on an InAlAs layer. First, after the InAlAs layer is grown on an |InP

subst r at gserfiaitdutt ot LIeRIdrON a3k haskaisunGAThERl etld e rgtenaining in the
grow h chanber being mxed into the InP

compound semiconductor layer is any one of an InP layer and

an InGaP layer and the second compound semiconductor layer

is any one of an InAlAs layer and an InGaAs layer.

Hereinafter, a description is given of the way how
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 beam,
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



| ayer while the InP |layer is grown, an exam nation was nade of a relation
bet ween the anount of As m xed and etching rate of the InP layer (with As
m xed). Specifically, the InP |layer was grown with intensity of the As
nol ecul ar beam which corresponds to the background, varied by regulating
val ve openi ng (val ve openi ng and cIosi&g speed) when the valve of the As
nol ecul ar beam source is closed. An exam nation was then made of the
relation at that time between the amount of As mixed and the etching rate
of the InP (As m xed) |ayer for a phosphoric acid type etchant. FIG 3

shows t hentesd edrad i10te hataraly thecamuthofirs 1% ydxed rerd ekkAgpakghi ng rate
of the InP |layer. For exanple, in the case of using a 3 nmthick InP |ayer

as the etoh tisd oppasr 4RV ind he PUENIdHE DAt P SLdRidLAHO dya-H ess than
0.1 nnisec in order to obtain resistance to the phosphoric acid type

etchant fofopkSetayr Mt ditHiig gL is il Ho dd Gesk i anount
of As mxed in the InP |ayer nust be suppressed to 0.05 or |ess by

conposi ti®m rdeseofin ResddAbly odthe mmbistinAs 18 Xatk ighddphdAR | ayer is
set to 0.02 or less. The etching rate accordingly beconmes 0.05 nm sec or

less, andydighefpsaliaaidit too£an e it aldied Whanthhe kaBel,ayer is used as
the etch stopper |layer. Next, an exam nation was nade of changes in
referring to FIG. 3, the amount of As mixed in the InP
layer must be suppressed to 0.05 or less by composition
thereof. Desirably, the amount of As mixed in the InP
layer is set to 0.02 or less. The etching rate accordingly
becomes 0.05 nm/sec or less, and higher selectivity can be
cbtained 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



intensities of As and P nol ecul ar beans acconpanied with opening and
closing of the shutters and valves of the MBE apparatus. FIG 4 is an

expl anatory view showi ng a change in intensity of the As nol ecul ar beam
when the As nol ecular beamis supplied and stopped. FIG 5 is an

expl anatory view show ng a change inlbntensity of the P nol ecul ar beam
when the P nol ecular beamis supplied~and stopped. Supply of the nol ecul ar
beans is started by opening the respective shutters and valves at 10 sec on
the tinme axis and stopped by closing the respective shutters and val ves at

30 sec. Refered no/d® &Y Gedh dheimtansid Vi @fsddndds, ool eqel arnReam i s
reduced to about 1/14 within about 1 second after the supply of the

mol ecul arp fieam f&éﬁ%%&%mﬁd 3,0 tho0i led £55, Wi Rink aba1 ddispeonds. On

the other hand, referring to FIG 5, the intensity of the P nolecular beam

I's reducegsdp ?@%ddégd wid g abouts Iy secanddder: ddimyniite0f the

nol ecul ar beamis stopped and is reduced to 1/100 or |ess wthin about 10

seconds. thd ssugyeal s dldtnsRUaI Bl r RN s At dPiREWmRs of A dpup V
el ement suppli'ed ‘at the growth remain in the growh chanber even after the

supply oftd hey 1@ ecul Ads Heami & ippped becaustis of Thihe Qle%a‘iépor pressure
of the group V elenent and the group V elenent is nore likely to be m xed

during thenaf atdpdion frdde het eroidterdacss A fffoddher SURMenof the

supplied at the growth remain in the growth chamber even
after the supply of the molecular beam is stopped because
of the high vapor pressure of the group V element and the
group V element 1s 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 to 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 heterocinterface 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 compeosition, thus completing the
present invention.

According to the present invention, an epitaxial



P nol ecul ar beam it takes a few seconds to reach desired nolecul ar beam
intensity. Furthernore, the process in the case of formng the [InP layer on
the InAl As | ayer was studied, and an experinment was carried out for the

pur pose of obtaining an optinmal heterointerface form ng process by
experinmental analysis of a relation g tween thickness of the transition

| ayer of the heterointerface and the unt of As mxed. It was then found
out that when the growth of the InP |ayer was started after the intensity
of the As nol ecul ar beam reaches 1/10 or | ess of the amount of As supplied

during c%@ox@ﬁ?"iﬁ@tl’%d (e 10A A5 d N Rond e WM OF 1 A8 diF X2 0.05 or

less int conposition, thus conpleting the present invention. According

to the preseny &SP s etailed Al i ddy a0V hy MRIhOsh $h dOTdR Sy
sem conductor thin filmof a group [111-V conpound sem conduct or |nclud|ng a

het eroj ungdd0n by mdEansL Hf E@Hr{?(‘éﬁf‘t{aﬂ?%@ %r‘i?:&%’uféd Cnfiongek £ o, 1 ncl ude:

a first step of irradiating a noleculdar beamof at |east one of group Il

el enents ands@ ol ecut a{rlpf@iﬁ@f d14s dfecﬂ!ﬂ!np behk! SR 1, 0rapa first

conpound sem conductor | ayer; secon step of stopping the |rrad|at|on of

the nol ec&fati/r%?ﬁafﬁpfefé}ﬁer?ﬁ{QE%}g\%i fo 1 a@@eérﬁ'eofmé te%‘:lﬂ PeAp of the

first group ment t an anount of
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 and 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 semiconducter layer, which is different
from the first compound semiconducter, 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 is a cross-sectional view of a structure cof an



first group V elenent supplied is reduced to 1/10 or less of that in the
first step; and a third step of irradiating a nolecular beam of at | east
one of the group Ill elenments and a nol ecul ar beam of a second group V

el enent to forma second conpound sem conductor |ayer, which is different
fromthe first conpound sem conduct or 50N the first conpound sem conduct or
| ayer. Accordingly, the anmpunt of & first group V elenent m xed into the
second compound sem conduct or Iayer can be not nore than a predeterm ned
value (for exanple, not nore than 0.05 in the conposition). Consequently,

when t he dgiR d:a\er ASoutle Biydr st dg d AV eddydhe HEME stdpcddg e s

formed by the epitaxial growh nethod of the present invention, it is

possi bl e é&oMrﬁErtd/eJWe v Sedaat i vity and enable fine etching. BRIEF
DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-sectional view of a structure

of an 12 epitagm. grqwh |ta.:.)‘r§.rng i1 SMRFANY WGl haltrirardfiace
according to the enbodi nent 2 i's a timng diagram showi ng a raw

materi al s §PR} o IRIQERMY &\P)ardle iRl 4,80 Bl g 8 hdBifpd acsidiypado the
present invention. FIG 3 i's an explanatory view show ng a relation between

an amountt i Asdinted Brahetghing rate of an InP | ayer.

FIG. 3 is an explanatory view showing a relation
between an amount of As mixed and etching rate of an InP
layer.

FIG. 4 is an explanatory view showing 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



FIG 4 is an explanatory view showing a change in intensity of an As

nol ecul ar beam when the As nol ecular beamis supplied and stopped. FIG 5
is an explanatory view showi ng a change in intensity of a P nol ecular beam
when the P nol ecul ar beam is supplied and stopped. FIG 6 is a
cross-sectional view of a general HE structure. FIG- 7 is a timng

di agram showi ng a raw material suppl 3procedure by an epitaxial growth

met hod according to a conventional art. BEST MODE FOR CARRYI NG OQUT THE
| NVENTI ON Herei nafter, a description is specifically given to a preferred

enbodi mengr&fihdeaRr 8EMsi N¥EET 20 basedl PR tHeprstFavk NOS. bflBE 1 shows a
sem conductor thin filmaccording to this enbodi nent. The sem conduct or

thin filmig #0rfR&r byrd3iggoxhngnan A P& Aso | @YEFedP. O an I nP substrate 10
by MBE and further growing an InP | ayer 30 thereon. A heterointerface

bet wveen therd M AsctAYEE BOt@BEn bR | ITAIASYELyEPT S @SPOMTELL O A pie
het eroi nterface between the InAlAs |ayer 106 and the InP |ayer 107 of the

ﬁaE{Vgr is; lr UCL V6L SHPVEspbAdE! G Bhe Fh&GeolStértidd NG tiaer amshomhgs a raw
layer 106 and the InP layer 107 of the HEMT structure shown
in FIG. 6.

FIG. 2 is a timing diagram showing a raw material
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
Ti, 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 meclecular beams is stopped at the time Ti,
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 is started at the same time when the As

molecular beam is stopped, therefore, the P molecular beam



supply procedure by an epitaxial growh nmethod according to the present
invention. First, irradiation of In, Al, and As nolecular beans is started
at tinme To to grow the InAlAs |ayer 20 on the InP substrate 10 and then
stopped at tinme T1, thus formng the InAlAs |ayer 20 with a thickness of
200 nm (step a). At the sane tine mhea the irradiation of the In, A, and
As nol ecul ar beans is stopped at the ti*nme Ti, irradiation of a P nolecular
beamis started, and the growth is halted for a period of time (for
exanple, 30 seconds) until the As nol ecular beamintensity is reduced to

1/10 of that po & PIER i 51 2Padd s rdd hHiScsiLP ﬁteﬁerﬁP&E%@r s

being irradiated, but the In nolecular beamis not beilng radi ated, so
that 1nP Layefini |§fn§§ €rned. Moreover, referring to FIG 5, it takes
sever al seconds or a sd%p y of P to be increased to desired nolecular

beamintensity.q ,_yk\_g‘gg}% SHiyS aaog agjlnqgl 0f tlri%alala@?.loﬁcwfarth@e?w is started at

the sane tine when the As ~ nol ecular beamis stopped, therefore, the P

mol ecul ary, heam, 14y Ga0Re,SY sgééfeeav't}@ &9@@!{1@91@9&' ”a%f ipdepspty from

the begi nning of step C. sequent at tinme ation of the In

mol ecul ar) beam ¥&s st rg@dtirﬁ sfsa}r tlﬁgéeilgirtqv(\grp & e ihBnd @ver 30, and at
n

time T3, |r adiation of the
molecular beams were stopped, thus forming the InP layer 30

with a thickness of 3.0 nm (step c).

The semiconductor thin film obtained by the
aforementioned way was etched by using a phosphoric acid
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



nol ecul ar beans were stopped, thus formng the InP layer 30 with a

t hi ckness of 3.0 nm(step ¢c). The sem conductor thin filmobtained by the

af orenenti oned way was etched by using a phosphoric acid type etchant, and
etching tinme until the InP layer 30 was renoved was neasured to eval uate
etching resistance of the |InP |ayer gg. In the result, the surface of the
InP layer 30 did not change within 40-“seconds and was turned cloudy wthin
45 seconds, and the InP layer 30 was conpletely renoved within 50 seconds.
Specifically, the etching rate of the InP layer 30 according to the

embodi meniris GRS NMSQC + i3NG o figraho sth%wﬁlng‘ a3 rakeadmynt of As nixed
in the InP layer 30 was estimted to be about 0.025 in the conposition. As

descr i beds aoVe. pubidat e 19Pi 12Xk al ¢ £ 0N Ny SPLNOLE ARG i fisk 4 o e PT esent

i nvention, e anount of Ass mxed into the InP layer 30 is reduced enough

to a levelhe NOtn@dfecdio 1.he, etching resistance of the InP |ayer 30.
Accordingly, the InP layer 30 as the etch stopper |ayer provides very high

sel ectivity. Nex{nstas £ GORArali (e raxadRlien drdese’ AL @l i anggyen of a
sem conductor thin filmforned by a conventional 15 art. FIG 7 1s a timng

di agram shows £g1 2 NS4 IRLLLd At 2 SUDP! Yo Pc{ﬂﬁ?%é? YA Bl eRd $ XTI Ad S oWt h
nmet hod according to the conventional art.
the InP substrate 10. At time ti, the irradiation of the
Al and As melecular beams was stopped, thus forming the
InAlAs layer 20 with a thickness of 200 nm (step A). At
this time, the In molecular beam was not stopped and
continuously irradiated.

At the same time when irradiation of the Al and As
molecular beams was stopped at the time ti;, the irradiation
of the P meclecular 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 toc be about 0.084 in

the composition. In the conventional art, the supply of



First, at tine to, irradiation of the In, A, and As nol ecul ar beans was
started to grow the InAl As |layer 20 on the InP substrate 10. At time t1lr
the irradiation of the A and As nol ecul ar beans was stopped, thus formng
the InAlAs [ayer 20 with a thickness of 200 nm(step A). At this tinme, the
I n nmol ecul ar beam was not stopped and. continuously irradiated. At the sane
tinme when irradiation of the Al and AL® nol ecul ar beans was st opped at the
time tl1, the irradiation of the P nolecular beamwas started to grow the
InP layer 30. At time t2, the irradiation of the In and P nol ecul ar beans

vas Stoppeds #AUsofQE A9 By | 1P Ay st Abat !t £ Ckness: af1 G 0 nm (step

B). The sem conductor thin filmobtained by the aforenentioned way was

et ched by,#Sifig @ fAOSANOI GaGh 4 s LYRE- &L e q BNG 16 SL&hi i i me unti |
the InP layer 30 was renoved was neasured to evaluatée the etching

resi st ancerrad fhi{oh r&SWHe AdGd el BYLLIGRS f&@%féﬁgéd’ ggmoved by et ching

for 20 seconds. Specifically, the etching rate of I nP | ayer according

to the compayr AllNes BX e was ]91.1%15&5 N REC. o @Nehd ef 85 ga{ggefb%&l Gy¢3, the

anount of As mxed 71nto the InP layer 30 was estimte e about 0.084 in

the compoaidierd fb LG GAMNEMdPNGla @M i SR Vi PTerkd dhigedi) ol ecul ar

beamis not stopped, and the i1rradiation
room was mixed into the InP layer 30 to reduce the etching

resistance of the InP layer 30.

As described above, when the heterocinterface between
the InAlAs layer and the InP layer is formed in the present
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



of the P nolecular beamis started inmmediately 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 growh
roomwas mxed into the InP layer 30 to reduce the etching resistance of
the InP | ayer 30. As described above, when the heterointerface between the
InAl As | ayer and the InP layer is forged in the present invention, the
epitaxial gromh is tenmporarily stoppéd according to attenuation of the
intensity of the As nolecular beam It is therefore possible to prevent the
group V elenment (As), which is unnecessary in the InP layer, from being

m xed i ntonhddmes | dyd ayaid ack thuSs # ardper shadd) fdiedert oindwsdaces dHe t he case
of using the InP layer as the etch stopper |ayer, even when the InP | ayer
is formedidm e 1345y 4 Nshd heh e et erdedd i GRIIGN Nhd esdngd ance) t her eof
is not degraded, and the InP |ayer provides high selectivity. Hereinabove,

the presestsédyesii i Miste iied Ne MorBeBkyr whenskael frovaly 1dgeesi bed based
on the enbodi nent. However, the present invention is not limted to the

af or ementa aneh-pabadi et rastch £, beo ik Wil hdepaidng, £ rom t he

scope of the invention. For exanple, in the enbodi ment, the description is

\?vihvent ﬁf ihCakasEaphierss fdmd AV dife fO{ITRA: Ohdde 1A As diyedamdiovever,
en the

effect can be obtained.

INDUSTRIAL APPLICABILITY

The present invention can be utilized in a technology
to form a group 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).



17 InGaAs | ayer and the InGP | ayer were forned instead of the [InAlAs |ayer
and the InP layer, respectively, the sane effect can be obtained. Moreover,
when the formed layers are inversely structured, for exanple, when the
INnAl As or InGaAs layer is fornmed on the InP or InGaP | ayer, the same

effect can be obtained. | NDUSTRI AL APPLI CABI LI TY The present invention can
be utilized in a technology to forn138group [11-V conpound sem conduct or
thin film including a heterointerface between |ayers containing different
group V elenents, for exanple, production of a high electron nobility
transistor (HEMI) using an InP layer as the etch stopper |ayer (etching
control layer). 18 CLAIMS 1. An epi tgtitdds grom h nmethod to forma

sem conductor thin filmincluding a heterojunction of a group II11-V
conmpound sem conductor by neans of nol ecul ar beam epitaxy, the nmethod
conprising: a first step of irradiating a nol ecular beamof at |east one of

group 111 el ement syang & 501 £ @dwiieamod td I FSin H WSl BERY to form
a first conpound semconductor |ayer; a second step of stopping the
irradi ati g @fFi1® including a heterojunction of a group III-V

compound semiconductor by means of molecular beam epitaxy,

the method comprising:

a first step of irradiating a molecular beam of at
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 con 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:



nmol ecul ar beam of the group Il elenent and the nol ecul ar beam of the first
group V elenent to halt gromh until an anount 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 irradiating a nolecular beamof at |east one of the group Il

el ements and a nol ecul ar beam of a sigond group V elenment to forma second
conpound sem conductor |ayer on the rst conpound sem conductor |ayer,

t he second conpound sem conductor |ayer being different fromthe first
conpound sem conductor. 2. An epitaxial growh nethod to forma

sem conductor gt Hiksfl s @JfUdiriGca SReher @) WRAkicdn a@f rRagf Q4P skl 1 -V
conpound sem conduct or by neans of nol ecul ar beam epitaxy, the nethod

conpri si NEashd dhd igSlgRheP Ofr idIAdAld R IlAUH AL LeaPi@ty | east one

of group I'll elenents "and a nol ecul ar beamof a first group V elenent to
form a fifSistCQMANG SAERIAUS Aol )ers: B SeeRbusiep of stopping the
irradiation of the  nolecular beam of the group II'l elenent and the

ol ecul argeppgMRfctdie 1fdyeit; group V element and irradiating a nolecul ar
beam of a second group V'elenent to halt growh wuntil an anmount of the

first group V %‘%%%%hdS%E@H 8% IsToppitdCetle! @ rialida0f chess @hel Nat in the

first step; an
molecular beam of the group III element and the molecular

beam of the first group V element and irradiating a
molecular beam of a second 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 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 c¢laimed 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 semiconductcr 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



athird step of further irradiating a nolecular beam of at |east one of the
group |11l elenents to forma second conpound sem conductor |ayer on the
first conpound sem conductor |ayer, the second conpound sem conduct or
| ayer being different fromthe first compound sem conductor. 3. The
epitaxial gromh nethod as clainmed in any one of clains 1 and 2, wherein
the first conpound sem conductor layessis any one of an InAlAs |ayer and an
| nGaAs | ayer and the second conpound Sem conductor |ayer is any one of an
InP | ayer and an InGP |layer. 4. The epitaxial gromh nmethod as clainmed in
any one of clains 1 and 2, wherein the first conpound sem conductor | ayer
is any 2GrenesdfaramdmAdayerarmnéGran dga@R dyayeramhd Hhaessegpnd  conpound
sem conductor |ayer is any one of an InAl As |layer and an |InGaAs | ayer.
compound semiconductor layer is any one of an InAlAs layer

and an InGaAs layer.



