
1  DESCRIPTION EPITAXIAL GROWTH METHOD 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
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 2 undoped InAlAs layer (buffer layer) 102, an undoped InGaAs  



layer (channel layer) 103, an undoped InAlAs layer (spacer  layer) 104, an
n-type impurity doped InAlAs layer (electron  supply layer) 105, an undoped
InAlAs layer (spacer layer)  106, an undoped InP layer (etch stopper layer)
107, an n-- 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 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 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. 



3 In the above described HEMT structure, heterojunction  interfaces
(hereinafter referred to as heterointerfaces)  between materials including
different group V elements are  formed between the InAlAs layers 106 and 108
and the InP  layer 107. In such a device utilizing heterojunction,  device
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, 4 and the like (for example, JP
Heill-266009A). In the formation of the HEMT by MBE, irradiation of
molecular beams of raw material elements is controlled  according to
formation of each semiconductor layer by  turning on and off shutters and
valves provided for  respective molecular beam sources. FIG. 7 is a timing
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 5
formed because the vapor pressure of the group V element is  higher than
that of the group III element and molecules  thereof remained in a growth
chamber even after the supply  of the molecular beam is stopped. However,
growth  conditions (forming conditions of the heterointerface) were
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 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 6 An aspect of the present invention is 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 is configured  to include: 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 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 heterojunction
of a group III-V compound  semiconductor by means of molecular beam epitaxy.
The  method is configured to include: a first step of 7 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 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, 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
beg-inning 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 InGaAs  layer, and the second compound semiconductor layer is
configured to be any one of an InP layer and an InGaP layer. 8 Specifically,
the present invention is also effective when  the InP layer is formed on the
InAlAs or InGaAs layer as  the etch stopper layer. Moreover, the present
invention  can be also applied to the case where the compound  semiconductor
layers are reversed so that 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 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 9 mixed and the etching rate
of the InP layer. For example,  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 nm/sec in order to obtain resistance to the phosphoric  acid type
etchant for 30 sec or more. In this case,  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  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 10 and to 1/50 or less within about 10 seconds. On
the other  hand, referring to FIG. 5, the intensity of the P molecular  beam
is reduced to about 1/7 within about I second after  the supply of the
molecular beam is stopped and is reduced  to 1/100 or less within about 10
seconds. This reveals  that 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 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 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 11 growth method to form a
semiconductor thin film of a group  III-V compound semiconductor including a
heterojunction by  means of molecular beam epitaxy is configured to include:
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 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 is a cross-sectional view of a structure
of an 12 epitaxial growth layer forming a heterojunction interface
according to the embodiment. FIG. 2 is a timing diagram showing a raw
material  supply procedure by an epitaxial growth method according to  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 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 13 growing an InAlAs layer 20 on an InP substrate 10
by MBE  and further growing an InP layer 30 thereon. A  heterointerface
between the InAlAs layer 20 and the InP  layer corresponds to the
heterointerface between the InAlAs  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 To to grow the InAlAs  layer 20 on the InP substrate 10 and then
stopped at time  T1, 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 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 14 can be supplied with a desired molecular intensity from
the  beginning of step c. Subsequently, at time T2, irradiation of the In
molecular beam was started to start the growth of the InP  layer 30, and at
time T3, irradiation of the In and P  



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



First, at time to, irradiation of the In, Al, and As  molecular beams was
started to grow the InAlAs layer 20 on  the InP substrate 10. At time t1r
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  continuously irradiated. At the same
time when irradiation of the Al and As  molecular beams was stopped at the
time t1, the irradiation  of the P molecular beam was started to grow the
InP layer  30. At time t2, 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. In the conventional art, the supply of 16 the In molecular
beam is not stopped, and the irradiation  



of the P molecular beam is started immediately after the  irradiation of the
As molecular beam is stopped to continuously form the InAlAs layer 20 and
InP layer 30. It  was therefore considered that As remaining in the growth
room was mixed into the InP layer 30 to reduce the etching  resistance of
the InP layer 30. As described above, when the heterointerface 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 



17 InGaAs layer and the InGaP layer were formed instead of the  InAlAs layer
and the InP layer, respectively, the same  effect can be obtained. Moreover,
when the formed layers  are inversely structured, for example, when the
InAlAs or  InGaAs layer is formed on the InP or InGaP layer, the same
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). 18 CLAIMS 1. 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: 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 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: 19 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 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 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 20 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. 


