1 9 APR 2006 1 DESCRI PTI ON EPI TAXI AL GROMH METHOD TECHNI CAL FI ELD The
present invention relates to a nethod of formng a group I11-V CO”@@WW*ZMB
-sem conductor thin filmincluding a heterojunction interface, and
specifically, relates to an epitaxial growh nethod suitable for

manuf acturing a high electron nobility transistor (HEMI) using an |InP |ayer
as an etch stopper layer (an etching control |ayer). BACKGROUND ART
Epitaxial crystal of a high electron nobility transistor (hereinafter,
abbreviated to a HEMI) structure has hitherto been conposed of a group
I'1'1-V conpound sem conductor thire$¢RI®TDOMEd by nmetal organic chem cal
vapor deposition (MOCVD) or nol ecul ar beamepitaxy (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 I nP

| ayer is further forned as mprEiCnStcrpery MyenopFlG 6 shows a basic
configuration of this HEMI structure including the etch stopper |ayer

conposed of the InP layer. The HEMI structure shown in FIG 6 includes an 1
9 APR 2006 2 undoped InAl As |ayer (buffer layer) 102, an undoped | nGaAs

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 toc an
epitaxial growth method suitable for manufacturing a high
electron mobility tranéistor (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 toc 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



| 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
| nNAl As | ayer (spacer layer) 106, an undoped InP |ayer (etch stopper]$ apeods
107, an n- type inpurity doped InAl As |ayer (resistance reducing |ayer)

108, and an n-type inpurity doped InGaAs | ayer (resistance reducing |ayer)
109, which are stacked on a sem-insupating 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 vidual divided parts of the InGaAs |ayer 109, ohm c el ectrodes 110 and
111, eachindsfpashi iRy vbsyers dbsbhiecelayedi ald2 el est nodepedr énffeBsed. On

t he exposed part of the InP |ayer 107, a Schottky el ectrode, which serves as
a gate elleptamdeshdamdbriveger) 1103 heambovdodes cinbeds HEAMFest apiuee, et ching
rate (phosphoric acid or citric acid type etchant) of the InP layer 107 is
several tlaydrs) driseveat al-tywer gadbilsi of depelli Igpi At el afekthéeclaAkAsnl ayer
108 or InGaAs layer 109. Accordingly, the InP layer 107 is |ess eroded by

the et chamndpland aysr priodd deaweainyddpwed seheRti Vayyr TheateP lhggen 107
therefore plays a role in preventing that etching proceeds to the InAlAs

| ayers 10®@ndrlGmdomsed Ine 1afer | ayech 197oppetleyspde) deviicean n-

characteristics of the HEMI such as high frequency characteristics. 1 9 APR

2006 3 type impurity doped InAlAs layer (resistance reducing
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, ohmic electrodes 110 and 111, each
of which serves as a socurce 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 étchant) 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 freguency characteristics.



In the above described HEMI structure, heterojunction interfaces
(hereinafter referred to as heterointerfaces) between materials including
different group V elenents are forned between the InAl As |ayers 106 haPR 0B
and the InP layer 107. In such a device utilizing heterojunction, device
characteristics are greatly affected by steepness and flatness of an atomc
conposition distribution in the heterginterface. For exanple, in formng
this heterointerface, when As is mxed into the InP layer 107 or a
transition layer with As and P mxed is forned in the interface because of
bad form ng conditions, the selectivity of the InP |layer 107 as the etch

stopper |ayer Irs $iggniddwanidscfIshe eHENT Soreccases. hdbeeoyanctiban the
InP | ayer 107 is used as the etch stopper layer, it is better that the InP

| ayer 107Zritermmgless t (Hawneina bglr t heféhr ek nessashpeeekoi stegdakky)confi gured
to be about 3 to 6 nm Wen the InP layer 107 is formed to be very thin

li ke thi pethah N ot 14 ofsc Did Dag tdLefeF byt t Beoupeteetinbarkageegreat |y
affects the selectivity of the InP |ayer 107, and optim zation of the

form ng ceigidd anscwafen thee heiEI0s Nteyéase106 Lharebor enkmpakt anp. As for
the formation of the HEMI by MOCVD, supplies of raw material gases for

grow ng thgdmMRAdByernl@achr @ Rk edis0 A Hanstd yuredt gdghed portions

of the InP layer 107 is equal to or less than a predeterm ned value during

etching efewike |dHiAcdayeitildy . atGfsat Byesr£08tel by steepness

and flatness of an atomic composition distribution in the
heterointerface. For example, in forming this
heterointerface, when As is mixed intc the InP layer 107 or
a transition layer with As and P mixed is formed in the
interface because of béd 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 & nm. When the InP layer 107 1s 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,



1 9 APR 2006 4 and the like (for exanple, JP Heill-266009A). In the
formation of the HEMI by MBE, irradiation of nolecular beams of rawgq app 2006
-material elenents is controlled according to formati on of each

sem conductor |ayer by turning on and off shutters and val ves provi ded for
respective nol ecul ar beamsources. FIG 7 is a timng diagramshow ng a
procedure of supplying raw materials when a heterointerface between the
InAl As | ayer and the InP layer is formed by a conventional epitaxial growh
method. In step A nolecular beans of In, A, and As are irradiated to

formtheandAltAe lldker ,(fanrd exangilep BIP rHEECIHD66besms. of In and P are
irradiated to formthe InP layer. The In nolecular beamis irradiated

W t hout bei ng shoppedfoafdtibhr adi aheOMEMT Hie MEE ol £eadi B4+ deamd and
irradiation of the P nolecular beans are sinultaneously switched to each

other. e elcnAlaAs tleayrr odnd ahwnihdieira 1arel didist £ond | eoetisby1é@rmed. At this
time, it is assuned that the supplied nolecular beans is instantaneously

swi t ched agicee e tMBEore@es dittof Rddilesgriscdddyetiot | keyéhepOCVD. I n fact,
in terms of a nolecular beamof a group |1l elenent (for exanple, A

nol ecul akukeamly, ont ahas JFFeReAHdrdRhd Rallvd NteRstide@f réhe nol ecul ar beam
supplied to the substrate in the step Bis not nore than 1% correspondi ng

to drivi paspllch veusidaldcyn1et paine ddigitds segand) ofi & he shitder. On the

ot her hand, it has been found that the group V
diagram showing a procedure of supplying raw materials when
a heterointerface between the InAlAs layer and the InP
layer is formed by a conventicnal epitaxial growth method.
In step A, molecular beams of In, ARl, 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 i1s irradiated withcout 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) is easily mixed when the heterointerface is



el ement (As) is easily m xed when the heterointerface is 1 9 APR 2006 5
formed because the vapor pressure of the group V elenent is higher than
that of the group Il element and nol ecul es thereof remained in a gr9Wrh1(06
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 nolecules.
Accordi ngly, when opening and cl osi ng speed of the valves of the nol ecul ar
beam sources or the operation states of the shutters changed, the
characteristics of the heterointerfaces between the InA As and | nGaAs
| ayer s ad@rmele begRussy dhss Vst yrgraierl Corrles ppneimgVt elehentinbdints  of
the remaining group V elenents (nolecular beam intensities of the renaining
group V &ligment $han Nbvedowdr the lereumeasl h ¢l gmrivaneagenehatutie® sel ectivity
was | owered when the InP layer as the etch stopper |ayer of the HEMI was
f ormed i theuelpfa remariered lim cr derowth sdiambeheeedor2heer i bhedspppbyem the
present invention was nade with focusing attention on the anounts of the
group V effermet sodlemmilaimdpesin sivi tstivppedf Howevgmougdwdllenents in
epitaxial growh by MBE. An object of the present invention is to propose
an epit axpaldigrionsh (foettiad acinidMiimnd aohdtheomafeolrterbaoeerface with
stable characteristics and thus achieving formation of an InP etch

determined without any reference to these remaining group V

molecules. Accordingly, when opening and closing speed of

the valves of the molecular beam sources or the operaticn

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 ocobject

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 CF THE INVENTION



st opper

| ayer with high selectivity. DISCLOSURE OF THE I NVENTION 1 9 APR
2006 6 An aspect of the present invention is an epitaxial growh mqtg“uﬁpﬁ g[@ﬁ
forma sem conductor thin filmincluding a heterojunction of a group Il1-
conmpound sem conductor by neans of nol ecul ar beam epitaxy. The nethod is
configured to include: a first step of irradiating a nol ecul ar beam of at

| east one of group Il elenents and a Aol ecul ar beamof a first group V
elenent to forma first conpound sem conductor |ayer; a second step of
stopping the irradiation of the nolecular beamof the group Il el enent

and t he nol ecul ar beam of first group V. elenent to halt rom h until an
anount of the1AQGﬁSQﬁ9ﬁu?£;EhinﬁﬁﬁSéﬁ%pﬁ?V%ﬁL?gnréﬁué@depﬁtfgié%gr | ess of
that in the first step;, apd a third step of irradiati, a | ecul ar beam of
at | east DAY W%@%‘fo’ifb E‘??me?e?r%%goﬁ HCBOFDFB&GI éﬂgg‘eéﬁl%q&ﬁlélgsé‘cond

group V elenent to forma_second co
di f f er entPFYHRIIEFII%1OT BnPHRIRR

ngound sem conductor |ayer, which is
$ehT R oRBUEPBRY SAMERENARFEC e Sipound

sem conductor layer. This allows the amount of the first group V el enent

m xed i ntReaHe Sediis
predeterm ned value (for exanple, not nore than 0.05_Db

Anot her

. . Lk y
dspediclorde het priseht Stemenf i bRradiafingppt BRIL&FUGREWES 2L

forma sem conductor thin film

at least one of group IIT 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 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

oD URRER PP tBRAYict orR¢ HREhed be copiigvredt han a
conpositio%).
od to



i ncluding a heterojunction of a group Il11-V conmpound sem conductor by neans
of nol ecul ar beam epitaxy. The nethod is configured to include: a fhgﬁAPRZ%B
step of 1 9 APR 2006 7 irradiating a nol ecul ar beam of at | east one of group
1l elenments and a nol ecul ar beamof a first group V elenent to forma
first conpound sem conductor |ayer; a second step of stopping the
irradiation of the mol ecul ar beamof the group I11 elenent and the

nol ecul ar beam of the first group V elenent and irradiating a nol ecul ar
beam of a second group V elenent to halt growth until an anmount of the

first \.el t | i ed i duced ,ta 1/10 I f th [ th
firot ot epT AR S5 1M PoTELES BT BITRro] adtStThgSae FB) SR0MRr Thbam of at
I t f_th 111 el ts t f , d d ' duct
S0st oo Shr LR L e RS e A D BB A R e e
first con%ound sem conductor | ayer., He in the second ste$,%mhile t he

€

nol ecul ar *B&dmPof HRE GPOERT I%ﬁﬁ%ﬁoﬁ CHOT A ¥EEY, 2t 7RC WRrobeam of

the group LIl elenent i,s nqgt irradiated, thus the growh of the epitaxial
[ ayer | o SHEPPEGS ERC Hatod SUope (18 dtorerilHe BERh L GrBSAE L  enent

can be supplied with desjred nolecul ar heam intensi from the begi nning of
t he forna&&&ne £reRpd @8 ide TSP S aRTbifuctt %gé%ﬁ.GQQ%%rﬁingly, t he
anount of _the first group V el ement nixed into the Eecond conpound

sen condu&t§Pergy 8nde 3 Feiptifter? Mahfar 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, 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 IIT 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 fiist compound semicbnductor 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.



Mor eover, the first conpound sem conductor layer is configured to be any

one of an InAl As |ayer and an InGaAs |ayer, and the second conpound

sem conductor layer is configured to be any one of an InP |ayer and gﬁAPRZWB
InGaP layer. 1 9 APR 2006 a Specifically, the present invention is also
effective when the InP layer is forned on the InAl As or InGAs | ayer as

the etch stopper |ayer. Mreover, the pfesent invention can be also applied
to the case where the conpound sem conductor |ayers are reversed so that

the first conmpound sem conductor |ayer is any one of an InP |ayer and an

I nGaP | ayer. _an ound sem conduct or e

th econd co ayer __.i s _any one of an

AL AS A BE S S Moot (SR e T STHAr 10 18, Gb8%r PAEPGHIVE §P6Bn of the
way how e r nt invention, has been c ted taking as an exanple a
case mher%gﬁngl Phafr 3% R Oh §m6|ﬂ££L§S ?ﬁngéag?ri?yeﬁfﬁér t he

I nAl As layer is grown on an InP substrate, fqcusing attention on background
As ol cculBe Sy TIPS YeEr ol aVaer o i S Ko d FFRBEL 0B | np

| ayer while tE%hqu Iﬁﬁg{,is rown, an exami nation was made , of a relation
bet ween t k&l amSurft™ 6t s andetcFFhgvneat etBF FRBPPRPY ayer (with As

m xed) Specifically, the InP |ayer was gr%mn wth intensity of the As
mol ecul ar SEEAFRONAMFIAF F¥IH TR PatR gt dhdtPGaft&dtby regul ating

compound semiconductor layer 1s 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 InGalAs layer.

Hereinafter, a description is given of the way how
the present invention has been completed taking as an
example a case where aﬁ 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 intoc 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. BAn
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



val ve opening (val ve opening and cl osing speed) when the valve of the As

nol ecul ar beam source is closed. An exam nation was then nmade of th?ElAPRZWB
relation at that time between the amount of As mi xed and the etching rate
of the InP (As m xed) |ayer for a phosphoric acid type etchant. FIG 3
shows the correl ati on between the amount of As i 1 9 APR 2006 9 m xed and
the etching rate of the InP layer. For ®xanple, in the case of using a 3 nm
thick InP layer as the etch stopper layer, the etching rate is required to
be less than 0.1 nnmsec in order to obtain resistance to the phosphoric

acid type_etchant for 30 _.sec or re. t hi e referring to FIG 3,

t he anounf“lgielaA?nr?i ;%@d:’ ST IHEY i qa?/%e?d?ﬁjs n%gfas%%f)r esESOe% ‘?%rﬁpcbo%f or |less
by composi.ti t her eof. Desirably, t a t_ of As mixed in the InP |ayer
is set to®. %georcals(,?sg.f Hre & cahi%dm? &q’&%?&}%i S %%cB%se%955 nm sec or
| ess, and hi gher selectivity can be obtained when the qu Ig%er IS used as
the etch SEOPPEFX ey € LI N Frf Tt D SHE TRt O PR haRgRs T PaR
intensitiss of and P no] ecul ar beans acconpani ed with Oﬁening and

cl osi ng of ‘£hBTEKEEC: s XN Y EPTHIR i anffarQrtiie BresPacrican

expl anatory ,vi ew showing a change, in intensity of the As nol ecul ar beam
when the ASifplte®s &FCI’%@J—mﬁosr 8 PMPLE oppdd tHRISGCEFS s an

expl anat ory . , .
referring to FIG. 3, the amount of As mixed in the InP

layer must be suppressed to 0.05 or less by compesition
thereof. Desirably, the amount of As mixed in the InP
layer 1s set to 0.02 or less. The etching rate accordingly
becomes 0.05 nm/sec or less, 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 c¢pening 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



view showi ng a change in intensity of the P nol ecular beam when the P

nol ecul ar beamis supplied and stopped. Supply of the nol ecul ar beggqﬁmqm%
.started by opening the respective shutters and valves at 10 sec on the tine
axis and stopped by closing the respective shutters and val ves at 30 sec.
Referring to FIG 4, the intensity of the As nolecular beamis reduced to
about 1/14 within about 1 second aftef0the supply of the nolecular beamis
stopped 1 9 APR 1006 10 and to 1/50 or less within about 10 seconds. On the
other hand, referring to FIG 5, the intensity of the P nolecular beamis

reduced to about wi thin about. 1 secopd. after the supp of . the
nnleculara%éaﬁ?i%}égo eﬂe%%dw?gh?adﬁégﬁg {8 $FE6H9Sr I@gsLﬁFtﬂFheﬁbout 10
seconds. This reveals that se ergl Eercent of nole ulﬁs of tg; %roup Vv

el ement %ﬂ%%di% SETIME o Mt B remaFRSi ARERBSGFEWPR ERENBeMOPEN 133 f ter t he
supply of_ the pol ecul ar beamis st ed, because of _.the high vapor pressure
of the gﬁ%ﬁﬂnvl%lEﬁé#ﬁeQNﬁPt?EPubrgzg VAEPEReAPOPE AoPECPPKePFtES be i xed
during the formation_of the heterointerface. As for the supply of the P
mol ecul artifeatiPRly (akdd e MRhESBLandeesB t8athonesr, 8ad Asl é€G&edeam
intensity. Furthernore, the process in the case of formng the. InP layer on

the 1 nAl A= | AP0 s 8srli vt hih RBALt ek PePPREAESwasToBF rF@¥EadLE for the

pur pose of obtaining an optinmal heterointerface form ng process by
expenlﬂyﬁggt several percent of molecules of the group V element

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 is more likely to be mixed during the
formation of the hetercinterface. 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 heterointerface and the amount of As mixed.
It was then found out that when the growth of the InP layex
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



anal ysis of a relation between thickness of the transition [|ayer of the
heteroi nterface and the amount of As mxed. It was then found out tqzé Mpﬁ%
the gromh of the InP layer was started after the intensity of the A

nol ecul ar beam reaches 1/10 or |less of the amobunt of As supplied during

the gromh of the InAl As |ayer, the anmpbunt of As m xed was 0.05 or less in
t he conposition, thus conpleting the 1lgresent invention. According to the
present invention, an epitaxial 1 9 APR 2006 11 growth nethod to forma

sem conductor thin filn1of a group -V conpound sem conductor including a

het er oj unct nol ecul ar be t onfi.gured to include:
a Tirst g@%%‘f‘l PR HoTh ol STl BEah o P Too8r Obrd S6P°r oup 111
el enent s nol ecul ar beam o first u elenent to a first
Commouna Laamh s (s trie Gt ey < et R ehec PR akTat | on of
t he nDIecuIar Qean1 of the q{o [ 1] eIenent %Eﬂbthe gnleculai 8een1of t he
first grBGp™ FRIT AR 145 FPHMINTedf CPhERCEPEEE §roup V
el enent u Ile i S reduced tao . 1/10 or less of that in the first ste and
55 fsdﬁ ﬁ&la} rEnet "Ga o

athird tleﬁto & &di At %ﬁﬂ e Pekah et 2SbfPfe group

[11 el enment and nol_ecul ar of second group elerent to forma
second CBEpSEﬁﬂﬁhéﬁﬁcﬁ&&mﬁﬂisl ré e bar ??%r%¥; ??6%?t%§°??rst
conmpound seqlconductor on t@; first qRPund sem conductor | ayer.
Accordlnglf eMERta A6 qﬁ a first compou semiconductor layer;i 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
frem 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 is a cross-sectional view of a structure of an



the first group V elenent m xed into the second conpound sem conduct or

| ayer can be not nore than a predeterm ned value (for exanple, not r
‘than 0.05 in the conposition). Consequently, when the InP |ayer as !H@“@ﬂ@ﬁ
stopper layer in the HEMI structure is forned by the epitaxial growh

met hod of the present invention, it is _possible to obtain very high
selectivity and enabl e fine etching. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1 is a cross-sectional view of a structure of an 1 9 APR 2006 12 epitaxi al
grow h layer formng a heterojunction interface according to the

rowt h | ayer forming a heterojunction interface tothe
or ocedur ST A Ao PRI RN 1 R hh Dt e R T P aREE W ent i on.

FIG 3 i n | anat Qry. Vi howi.ng a relation between an anount of As
m xed an c%?éﬁﬁﬁ& th%%% %ﬁ?%i%gquWer. FIG 4 is an explanatory view

howi h in, intensity of an As molecul ar beam when the As nol ecul
beam i s suppl | 68%an PoppEd™ ARG S PP oy VIEhE SHbhi ng a change
in intensity of a P molecular beam when the P ol ecul ar_beam .| i ed
and st opPEEPLE BXOFSRUTE Blosd SECITAL WD T terir FCPEMTIsER uct ure.

the present invention.

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 sfopped.

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 7 is a timng diagramshowng a raw material supply procedure by an
epitaxial growth nethod according to a conventional art. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Herei nafter, a description is specificallg %E 2&5
to a preferred enbodi mrent of the present invention based on the dr &A 5 .
FIG 1 shows a sem conductor thin filmaccording to this enbodinent. The
sem conductor thin filmis formed by 1 APR 2006 13 growi ng an I nAl As | ayer
20 on an InP substrate 10 by MBE and ¥rt her growing an I nP |ayer 30
thereon. A heterointerface between the InAl As | ayer 20 and the InP |ayer
corresponds to the heterointerface between the InAlAs |ayer 106 and the InP

| ayer 107gP$w£rEgtﬁgw?ﬁiﬁgciﬁggrsbg n LA gh@ sBpskkGt &2 1i03(]53%t Fl;'fBrﬂ ng diagram

showi ng a” raw erial supp procedure by an epitaxial gr met hod

accor ding, 9 f&mgfegfe&%hgvsm RB. 1§%E§t 30! Ehggie%hi ongof In, A, and As
st t “ti 0 g

nmol ecul ar beans 1's rte me” To row the ThAl As |ayer 20 on the

0P PS8 200 Deny ol a0Be, AL 1S, Ty LS G 0gl e 1AV Tayer

20 with a 2 step a Same tinme whe

(1o O S fofl (Ao BELEENL 0 PER R PRSI Thutlis ¢
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 Tp to grow the InAlAs
layer 20 on the InP substrate 10 and then stopped at time
T1, thus forming the InAlAs laver 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 T,,
irradiation of a P molecular beam is started, and the
growth is halted for a period cof 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



growh is halted for a period of tinme (for exanple, 30 seconds) until the
As mol ecul ar beamintensity is reduced to 1/10 of that in the step jag Aptt 06
-b) Inthis step b, the P nolecular is being irradiated, but the In

nol ecul ar beamis 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 desired4 nol ecul ar beamintensity. Wen the
irradiation of the P nolecular beamis started at the sanme tinme when the As
nol ecul ar beamis stopped, therefore, the P nolecular beam1l 9 APR 2006 14

can be supplied with a desjred | ecul ar_intensity,fromthe _beginping of
step c. §%ﬁb§ﬁhéﬂ¥?,l§§iW%m% %gge?+¥%§i%?iﬁﬁui?rtﬁ@tﬁHSlﬁﬁl558 Fgﬁean1was
started &P start the gromh of the InP layer 30, and at tinme T3,

i rradi at PEFER¥HE 9% =P - nol ecul ar beans were stopped, thus forning the
InP layer 30 with a thickness of, 3.0 nm (step c). The sem conductor thin
film obtai ned BPFfEveRtdnensdtt i ol Teay l\ﬁa@c&@&ﬁéﬁ‘ RE dsthgt™ phosphori ¢
acid type_etchant, and etching tine until the InP layer 30 was_renoved was
measur ed "O3 eSHRI A tRE A M g Fasted afReSBR Tt hehe| apowﬁpepfsehm A%fhe result,
the surface of the InP layer 30 did not change wi thin 40 seconds and was

turned cleY®F 3t M £ edthdS, dfdFadie iim of drhsoi e ofpl et el y

renoved wi thin 50 seconds. Specifically, the etching rate
molecular beams were stopped, "thus forming the InP layer 30

with a thickness of 3.0 nm (step c).

The semiconductor thin film cbtained 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
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nP | ayer 30 according to the enbodinent is 0.06 nnm sec, and
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At. tine tl1, the irradiation of the Al and As

bstrate 10.
nol ecul a?clﬁk?eaﬁ'fﬁ“(ﬁitjsqr}?p]péﬂftt hus forming the InAlAs layer 20 with
s of 200 nm (step . A). At .this time, the In | ecul ar beam was not
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the Al and As nol ecul ar beans was stopped at the_ti ti, the_irrad
of the PRRISRUISE TRARS WS TEATRECL b0 gR BN WRS| APALAgetaver 20 on

the InP substrate 10. At time ti, the irradiation of the
Al and As molecular 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
continucusly 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
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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. 3,7the amount of As mixed
into the InP layer 30 was estimated to be about 0.084 in

the composition. In the conventional art, the supply of



30. At time t2, the irradiation of the In and P nol ecul ar beans was
stopped, thus formng the InP layer 30 wwth a thickness of 3.0 nmﬁgtm 2@@5.
- The sem conductor thin filmobtained by the aforenentioned way was étche

by using a phosphoric acid type etchant, and the etching tine until the InP
| ayer 30 was renoved was neasured to_evaluate the etching resistance. 1In
the result, the InP | ayer was conpletéﬁy renmoved by etching for 20 seconds.
Specifically, the etching rate of the InP |layer according to the
conparative exanple was 0.15 nmsec, and referring to FIG 3, the anmount of

Composi 15 T ERE BaRra A Shat® G THD Lol §8r A 1L 5r AR08 16 the 1
s Stari 86 hRedh APOS AR EHHG L (T ST oSO TRRSR REFEROPAP beam is
Cher of or & FEBREPUGERG P AT et ARG T e 4F ook FPPTdohous mi ked i nto.
doscr | bl OHBOTE ORI TR Heter GPHTE LA DA et TP TRAF A2 Payel® and the
InP | ayer _is i n invention,, the epitaxial growth is

t he |, t , t
t enpor ar I"EY §&§%ﬁ rea@@@%&? g%ﬂléﬂﬁﬁuﬁﬁuﬁ§ﬂé%ﬂ19% $n¥ GsTTGYER the As

room was mixed into the InP layer 30 to reduce the etching
resistance of the InP layer 30.

As described above, when the hetercinterface 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 1s 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



nol-ecul ar beam It is therefore possible to prevent the group V el enent
(As), which is unnecessary in the InP layer, frombeing mxed into,t
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-layer and thus forma sharp heterointerface. In the case of using

| ayer as the etch stopper |ayer, even when the InP layer is formed to be
very thin, the characteristics (etchin% resi stance) thereof is not
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APPLI CABI_LITY The present_invention can_be utilized En a technology to form
a group HMGakg & S EBRAURE of 1% M 19T M EREI baYRG’ ath&t 88PNt er f ace
bet ween I@yers contﬁgni ,

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}.



different group V elenents, for exanple, production of a high electron
mobility transistor (HEMI) using an InP layer as the etch stopper HQ%ﬁPRZWG
(etching control layer). 1 9 APR 2006 18 CLAIMS 1. An epitaxial growt
method to forma sem conductor thin filmincluding a heterojunction of a
group I11-V conpound sem conductor by neans of nolecular beam epitaxy, the
met hod conprising: a first step of irrédiating a nol ecul ar beam of at | east
one of group IIl elenments and a nol ecul ar beamof a first group V el enent
to forma first conmpound sem conductor |ayer; a second step of stopping the
irradiation of the nolecular beam@®M%e group 111 elenent and the _
nol ecul ar beam of the first group V elenent to halt growmh until an anount
of the 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 tlhe group 111 &remditexded grandemerhedane oform second group
V element to forman etch stopper layer on the first conpound sem conductor
| ayer, tSpmimaidutioppethin af/eimbenagudongosetiettraisactidrcafpaund
sem conductor |ayer which is different fromthe first conpound
sem condustuy . IPI-VArceppoend asernyt omduaeohodyt nehosmod 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 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 an etch stopper layer on
the first compound semiconductor layer, the etch stopper
layer being composed of a second compound semiconductor

layer which is 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



sem conductor thin filmincluding a heterojunction of a group II1-V
conpound sem conduct or by neans of nolecular 1 9 APR 2006 19 bean1§fguﬁ3%mﬁ
the nethod conprising: a first step of irradiating a nol ecul ar beanm 0f " dt

| east one of group Il elenents and a nol ecul ar beamof a first group V
elenment to forma first conpound sem conductor |ayer; a second step of
stopping the irradiation of the noledBlar beamof the group 11l element and

the nol ecular beamof the first group V elenent and irradiating a
nol ecul ar beam of a second group V elenent to halt growth wuntil an anount
of the fPeam gpoLipxy: efbRenetdgppcraRriis ingsduced to 1/10 or less of that in
the first step, and a third step of further irradiating a nolecular beam of
at | east one of fhesyrouprl|¢f éreadneting Romplecudtach bermppkrat ayer on the
first conpound sem conductor |ayer, the etch stopper |ayer being conposed
of a secbeaistonpeund gsenpcdAduetlemengpeanshiecmdlealifdereepanfodbnat he first
conpound sem conductor. 3. The epitaxial growh nethod as clained in any one
of cl ai nfigstandraupwieeéenenhethi formcengdursd sEmipondlict or | ayer is any
one of an InAl As |ayer and an InGaAs |ayer and the second conpound
sen condsembcohdyetorslapgrone of an InP layer and an InGP |ayer.
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 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 an etch

stopper layer on the first compound semiconductor layer,

the etch stopper layer being compocsed of a second compound

semiconductor layer which is 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



4. The epitaxial growth nethod as clained in any one 1 9 APR 2006 20 of
clainms 1 and 2, wherein the first conpound sem conductor |ayer is agﬁ; @Cﬁ%
of an InP layer and an InGaP | ayer and the second conpound semni con c%

| ayer is any one of an InAl As |layer and an InGaAs | ayer. ,

20

of claims 1 and 2,
wherein the first compound semiconductor layer is any
one of an InP layer and an InGaP layer and the second

compound semiconductor layer is any one ¢f an InAlAs layer

and an InGaAs layer.



