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MBE SYSTEM AND SEMICONDUCTOR DEVICE FABRICATED,
USING SAME

' BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a molecular beam
epitax& (MBE) system capable of fbrminé II-VI column compound
semiconductor layers and also to a method of fabricating an
optical semiconductor device, using this MBE system.

2. Description of the Related Art

I1I-V column compound semiconductors consisting of zinc
selenide (ZnSe) or the like ére applied to optical
semiconductor devices such as.laser'diodes'eMitting blue-
green.light and light-emitting diodes.

.Where a semiconductor device is fabricated, using these
II-V column compound semiconduétérs, the issue of ohmic
contacts to p-type layer is still a subject, because it is
difficult to obtain a high acceptor concentration. On the

other hand, high p-type conductivity is obtained from zinc

_tellurium (ZnTe) more easily than from various other II-V

column compound semiconductors. Consequently, the use qf
ZnTe is essential for formation of the above-described ohmic
contact. |

An example.of the optical semiconductor device which
ﬁses an ohmic contact made of ZnTe layer and emits blue-green

light is shown in-Fig. 3. This optical semiconductor device,
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a substrate 110 made from gallium arsenide (GaAs). A buffer
layer of Gaas 1Zi is formed on the substrate 110.: II-v
column compound semiconductor layers 120 are formed on the
buffer layer 121. One example of this is described below.

Specifically, a buffer layer 122iof ZznSe and an n~type
cladding layer 123 consisting, for example, of zinc magnesium
sulfur selenide (2nMgSSe) are successively formed over the
GaAs buffer layer 121. Furthermore, an n-type guiding layer
124 made from zinc sulfur selenide (ZnSSe), an active layer
125 cénsisting, for example, of «<inc cadmium selenide
(ZnCdsSe), and a p—type guiding layer 126 con51st1ng of ZnSSe
are stacked.

| A p-type cladding layer 127 made from zinc magnesium

sulfur selenide (ZnMgSSe:N) and a p-type layer 128 made from
-ZnSSe_are successively formed.over the p-type guiding layer
126. |

A contact layer 129 consisting, for example, of a
multilayer film of 32nSe/ZnTe and having a superlattice
structﬁre and a cap layer 130 made from ZnTe are successively
formed over the p-type layer -128. That is, the contact layer
129 and the cap layer 130 cooperate to form a p-type ohmic
‘layer. Thus, the II-V column compound semiconductor iayers'
120 are constituted.

Heretofore, the above-described II-V column compound
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semiconductor layers 120 have been formed by MBE (molecular
beam epitaxy) using an MBE system, fof example. In the MBE
'process, the constituent elements of the II-V column compound
semiconductor layers 120 are evaporated in an ultra-high
vacuum and epitaxiaily grown on the substrate 110, thus
forming the layers 121-130. |

| However, tellurium (Te) is an element havirig a high
vapor pressure and thus stagnant in nature. Therefore, where
the -substrate placed inside the chamber of .the MBE system is
isolated by a shutter from a Te cell connected with the
chamber, if the temperature of the Te cell is elevated to a
level at which growth is possible, then Te goes to the
substrate through an unstraight route. For this reason, when
the p-type cladding layer under the contact layer containing
ZnTe is grown, Te is mixed ir}to the p-type cladding layer.
As a result, the hole conce_nt';ration in the p-type cladding
layer decreases. In consequence, the crystallinity
deteriorates.

For example, when the _hole_ concentration in the p-type
cladding layer consisting of .ZnMgSSe is about 3 x 10! cm3,
if about 2% Te is mixed into the selenium (Se) in the p-type
cladding layer, then the hole concentration drops to about 1
x 107 cm™3. Also, recombination center due to Te in the n-
type cladding layer is observed with photoluminescence (PL)

at 77 K.
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As é fesult, the ﬁundamental emission characteristics
are affected severely._ For instance, the operation current
of ﬁhe threshold current of the formed optical semiconductor
de#ice.increaSes,'and the intensity of the emitted 1light
decreasés.

OBJECT AND SUMMARY OF THﬁ INVENTION

It is an object of the invention to provide an MBE
(molecular beam epitaxy) system and optical semiconductor
device fabrication method capable of forming II-V column
'compound semiéonductor layers having a p-type layer for the
ohmic contact without mixing Te into other layers.

The above-described object is achieved by an MBE system
5ccording to the present invention, the MBE system comprising
a plurality of chambers including at least a first chamber
and a second chamber. The first chamber is used to form II-V
column compound semiconductor.layers not containing Te. Thé
second chamber is employed to form II-V column compound
semiconductor layers containing at least Te. ’

Another MBE system écéording to the invention has a
chamber to which a plurality of cells are connected. The
cells contain at least one cell for evaporating Te. In this
system, a gate valve or gate valves are mounted in the cell
or cells.for evaporating the Te and located on the side of
the chamber.

A method of fabricating an optical semiconductor device
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optipal semiconductor device by stacking II-V column compound
semiconductof layers, II-V column compound semiconductor
layers containing at least Te are formed, using any one of
the MBE systeméhdescribed above.

The MBE system forming a first embodiment of the
invention comprises a fi?st chamber for forming II-V column
compound semiconductor layers not éontaining Te and a second
qhaﬁber for forming II-Q column compound semicoﬂductor layers
containing at least Te. Therefore, the II-V column compouﬁd
semiconductor layers not containing Te and the II-V column
compound éemiconductor layers containing Te are formed in
their respective chambers. Consequently, Te is not mixed
into the II-V column compound semiconductor layers not
containing. Te.

In another embodiment of fhe invention, a gate valve or
gate valves are mounted in the cell or cells for'evaporating
Te and located on the side of a chamber. .Therefore, if the
gate valve is closed, the ambient in the cell or cells is
completely isolated from the ambient inside the chamber. As
a result, when the gate valve is closed, Te supplied into the
celi or cells is completely confined in the cells and does
not enter the chamber. When the gate valve is opened, the
ambient in the cell or cells is placed in communication with

the ambient inside the -chamber. Consequently, when the



Sheet Has Been Replaced

i -

compound semiconductor layers not containing Te are formed,

THIS SHEET HAS BEE |
REPLACED

Te is not mixed into these layers.

In a further embodiment of the invention, II-V column
cémpound semiconductor layers containing Te are formed by
using any.pne of the MBE systems-described above without
mixing Te into the other layers not éonfaining Te.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.‘l is a block-diagiam of an MBE system forming a
first embodiment of the invention;

Fig. 2 is a side elevation part}ally in cross section of
an MBE system forming a second embodiment of the invention;
and- | | _

Fig. 3 is a cross-sectional view of an optical
semiconductor device fabricatea, using an MBE system forming
a third embodiment of the invention. |

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention are
hereinafter described in detail with reference to the
accompanying drawings.

Fig. 1 is a schemétic block diagram showing the
configuration of a first embodiment of thé present invention.
As shown, anlMBE system 1 comprises a plurality of chambers
inéluding at least a chamber 11, a first chamber 12, and a

second chamber 13.

The chamber 11 is used to epitaxially grow III-V column .
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chamber 12 is used to epitaxially grow II-V column compound
semiconductor layers not containing Te, such as 2ZnSe,
ZnMgSSe, ZnSSe, and 2ZnCdSe. The second chamber 13 is
employed "to - epitaxially grow II-V column compound
semiconductor layers cdntaining at léast Te such as ZnTe.

In this example, the first chamber 12 is placed in the
center. The chamber 11 and the second chambef 13 are
connected to the first chamber. A chamber 16 for ihtroducing
a substrate is connected to an interconnection path 14
between the chamber 11 and the first chamber 12. For
example, gate valves (not shown) are mounted respectively in
the interconnection path 14 and in an interconnection path 15
between the first chamber 12 and the second chamber 13 to
hermetically isolate the chambers from each other.

In the above-described. MBE system 1, III-V column
compound semiconductor layers are formed in their dedicated
" chamber 11. II-V column compound semiconductor layers not
containing Te are formed in their dedicated first chamber 12.
Compound semiconductor 1ayeré containing at least Te are
formed in their dedicated second chamber 13. Therefore, Te
is prevented from being mixed into.the III-V column compound
semiconductor layers or into the II-V column compound
semiconductor layers not containing Te. Consequently, II-V

column compound semiconductor layers which do not contain Te
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and have petYpé'and n-type layers of improved crystallinity
can be formed. '

Moreover, in_the second chamber 13, II-V column compound
semiconductor layers ha§ing p-type ohmic characteristics can
be formed.

Accordingly, if the MBE system'l is used, an'opticai
semiconductor device having lower operation current, lower
oscillation current, and higher emission intensity (i.e.,
having improved fundamental emission characteriétics)
compared with the prior art deviée can be realized.

The case in which the present optical semiconductor
device fabrication.methpd-uses the above-described MBE system
1 is now described as an example. In this case, the
semiconductor laser emitting blue-green light as already
described in connection with;Fig. 3 is fabricated as the
optical semiconductor device..

First, a substrate 110 of GaAs is supplied from the
substrate-introducing chamber 16 into the chamber 11. The
substrate 110 is heat-treated in the éhamber 11. Then, a
buffer layer 121 of GaAs is epitaxially grown on the
substrate 110. At.this time, the bﬁffer layer 121 is formed
to a film thickness of about 0.3 um, for exampie.

Then, the substrate.llo is moved into the first chamber
12 via the interconnection path 14. Thereafter, the II-V

column compound semiconductor layers 120 not containing.Te
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(i.e., from a buffer layer 122 to a p-type cladding layer
128) are epitaxially grown within the first chamber 12.

More specifically, the buffer layer 122 of ZnSe, an n-
type cladding layer 123 of ZnMgSSe, an'n-type guiding layer
124 of ZnSSe, an active layer 125 of ZnCdSe, a p-type guiding
layer 126 of ZnSSe, a p-type claddiné layer 127 of ZnMgSSe,
and the ﬁ—type layer . 128 of 2nSSe are successively
epitaxiélly grown over the buffer laYer 121. .

At this time, these layers 122-128 are so grown that the
following film thicknesses are obtainedf The film thickness
of the buffer layer 122 is about 200. A. The film thickness
of the n-type cladding layer 123 is about 0.8 pm. The film
thickness of the n-type gquiding layer 124 is about 600 A.
The film thickness of the active layer 125 is about 60 A.
The film thickness of the p-type guiding layer 126 is about
600 ﬁ; The film thicknesses of the p-type cladding layef 127
and p-type layer 128 are about 0.6 um. Simultaneously with
epitaxial growth of the n-type cladding layer.123 and of the
n-type guiding layer 124, they are doped with chlorine (Cl),
for example. Alsé, simultaneously with epitaxial growth of
the p-type guiding layer 126 and of the p-type cladding layer
‘127 and p-type layer 128, thef are doped with nitrogen (N),
for éxample.

Then, the substrate 110 is moved into the second chamber

13 through the interconnection path 15. In the second
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chamber 12, the contact iayer 129 consisting of a multilayer
film of ZnSe/ZnTe and the cap layer 130 of ZnTe are
successively grown. At this time, the contact layer 129 is
formed to a film thickness of about 150 A, for example. The
cap layer 130 is grown to a film thickness:-of about 700 A.

In this method, the contact layef 129 contaihing Te and
the cap layer 130 are formed in the second chamber 13 which
is used only for formation of II-V column compound
semiconductor layers containing at' least Te. For this
reason, the II-V column compound semiconductor layers 120
excluding the.contact layer 129 and the cap layer 130 can be
formed without mixing Te into those layers. As a result, the
p-type cladding layer 127 and p-type layer 128 have hole
.concentrations not decreased and improved crystallinity.
Also, the n-type clédding layer 123 has good crystallinity.

Furthermore, the contact.layer 129 and the cap layer 130
formed in the second chamber 13 can be formed so as to
contain Te and so p-type ohmic characteristics can be
‘obtained.

Accordingly, in the above example, a semiconductor
device whose fundamental light emission characteristics such
as operation current, threshold currént, and emission
inténsity are improved' and which "has improved 1life
characteristics.can be fabricated.

A second embodiment of the present invention is next



. This Sheet Has Been Reilaced

(M

described by referring to the schematic view of Fig. 2. As

e e,

THIS SHEET HAS BEEN
REPLACED _

shown, this MBE éystem 2 has' a chamber 21 wused for
fabrication of a II-V column compound semiconductor. A
plurality of cells 24 are connected to the chamber. A holder
22 for holding a substrate 30 is mounted inside the chamber
21. Shutters 23 which can be opened énd closed are mounted
between their respective cells 24 and the holder 22.

.The plural cells 24 are provided for epitaxially grown
constituent elements, respectively.. These cells 24 include
at least one cell 24a (hereinafter referred to as the cell
ﬁsed'only for Te) for evaporating Te. A constituent element
put in a crucible 25, for example, is-suppiied into each cell
24.

A gate 'vélve 26 which is a feature of the present
invention is mounted in the cell 24a used only for Te and
located on the side of the chémber 21, In this example, a
chamber (not shoWn) for formation of III-V column compound
semiconductors is connected with the chamber 21 used for
formation of II-V column compound semiconductors.

In this MBE system'2 constructed in this way, when the
gate valve 26 is closed, the ambient inside the cell 24a used
only for Te is completely isolated from the ambient inside
"the chamber 21. As. a fesult, when the gate valve 26 is
closed, Te supplied into tﬁe cell 24a used only for Te is

completely confined within the cell 24a used only for Te.
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Therefore, the Te does not enter the chamber 21.

When the'gafe valve 26 is opened; the ambient inéide the
cell 24a used only for Te is plgced in commuhicatién with the
ambient inside the chamber 21. Therefore, when the gate
vaive 26 is opened, Te supplied into the cell 24a used only
for Te enters the chamber 21. At this.time, if the substrate
30 is held in the holder 22, a beam of Te reaches the surface
of the substrate 30. Also, when the gate valve 26 is open,
the crucible 25 supplied into the cell 24a used only for Te
can be moved into that portion of the cell 2;a used only.for
Te which is located on the side of the chamber 21.

Accordingly, in the MBE system 2 of this example, Te is
.prevented from being mixed into II-V column compound
semiconductor layers not containing Te when they are fofmed.
Also, p-type ohmic characteristics éonsisting of.II-V column

- compound semiconductor 1ayers.pontaining Te can be formed.

Consequently, II-V column compound semiconductor layers

‘'which have p-type and n-type layers of improved crystallinity
and which contain no Te can be formed. Therefore, an optical
semiconductor device whose fundamental 1light emission
characteristics have been improved and which has improved
life characteristics can be fabricated.

A third embodiment is described now. In this
embodiment, the optical semiconductor device fabrication

method using the above-described MBE system 2 is employed to
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fabricéte a semiconductor laser emitting blue-green light as
the optical semiconductor device described in connection with
Fig. 3.

First, a substrate 110 of GaAs is supplied into a
chamber used for formation of III-V column compound
semiconductors. The substrate 110 is heat-treated in this
chamber. Then, a buffer layér_121 of GaAs is epitaxially
grown on the substrate 110.

Then, the substrate 110 is moved into the chamber 21
which 1is used for formation of II-V column compound
semiconductors. At this time, fhe gate valve 26 mounted in
the cell 24a used only for Te is closed. As a result, Te
supplied into the éeli_24a used only for Te is isolated.
Subsequently, the II-V column compound semiconductor layers
120 are epitaxially grown from the buffer layer 122 not
containing Te to the p-type cl;dding layer 128 in the chamber
21.

Immediately after the end of the growth of the p-type
layer 128, the gate valve 26 is opened. Also, the crucible
25 holding Te is moved into a position close to the positions
of the other crucibles 25 supplied into the other cells 24.
The contact layer 129 consistiﬁg of a multilayer film of
ZnSe/ZnTe and the cap layer 130 of ZnTe are successively
epitaxially grown on the p-type layer 128.

In this method, when the gate valve 26 which is mounted
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in the cell 24a used only for Te and located on the side of
the chamber 21 is 'élosed, 'ﬁhe II-V column compound
semiconductor layers 120 are epitaxially grown from the
buffer layer 122 not containing Te to the p-type layer 128.
As a result, these layers can be fofmed from the buffer layer
122 to fhe p-type layer 128 without mixing Te into them. 1In
consequence, the p-type cladding layer 127, p-type layer 128
~and n-type cladding layer 123 ﬁaving improved crystallinity
are obtained. |

when the gate valve 26 is open, the.contact léyer 129
and the cap layer 130 are formed. The result is that the
contact layer 129 and ‘the cap layer 130 ére grown so as to
contain Te. Hence, these layers 129 and 130 have p-type
ohmic characteristics. |

ACcordingly, in the above example, an optical
semiconductor device whose. fundamehtal light emission
characteristics have been improved and which has lmproved
life characteristics can be fabrlcated.- In the example
described above, a semiconductor laser has been described as
an example of.optical semiéonductor device. It is to be
noted that the invention is'not limited to this.

As described thus far,.in the first embodiment of the
invention, a second chamber uséd only for formation of
compound semiconductor layers containing at least Te is

provided independent_of a first chamber. Therefore, III-V
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semiconductor layers not containing Te can be formed without
mixing Te into them. Consequently, II-V column compound
éemiconductor layers having p-type layers whose holé
concentration is prevented from decreqsing and which have
improved crystallinity can be forﬁed, the II-V column
- compound semiconductor layers containing no Te. Furthermore,
in the second chamber, II-V column compound semiconductor
layers ﬁaving p-type ohmic characteristics can be formed.

In the second embodiment of the invention, a gate valve
is mounted in a cell for evaporating Te and located on the
side of the chamber, unlike other cells. Therefore, II-V
column compound semiconductor layers not containing Te can be
formed without mixing Te into them by opening and closing the
gate wvalve. Alternatively, II-Vv column conmpound -
semiconductor layers containiﬁg Te can be formed.

In.the third embodiment of the invention, II-V.column
compound semiﬁonductor layérs containing- Te can be formed
without mixing Te into other layers. Therefore, an optical
semiconductor device in which the-hole concentrations of the
other p-type layers not containing Te are prevented from
decreasing and in which the crystailinity of n-type layers
are not deteriorated can be manufactured.

Accordingly, an optical semiconductbr device having

lower operation current, lower threshold current, higher
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emission .intensity; and improved 1life characteristics

compared with the prior art device can be realized.
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WHAT IS CLAIMED IS:

1. A molecular beam epitaxy system compriéing:

a first chamber for forming layers of semiconductors of
II-V column compounds not containing tellurium; and

a second chamber for forming Iayers of semiconductors of
II-V column Compounds containing at least tellurium.

2. A molecular beam epitaxy system having a chamber to
which a plurality of ceils are connected, said cells
containing at least one cell for evaporating telluriﬁm, said
system comprising: '

a gate vélve mounted in said cell for evaporating
tellurium and located 6n a side of said chamber.

3. A molecular beam epitaxy system comprising:
- a first chamber_for'forming layers of semiconductors of
II-V column compounds not containing teliurium;

a second chamber for forﬁing layers of semiconductors of
II-V column compounds containing at least tellurium;

a plurality of cells connected to said second chamber;
and

a gate valve mounted in said cell for evéporating
tellurium and located on a side of said second chamber.

4. A method of'fabricating an optical semiconductor
device having laminated II-V column compound semiconductor
- layers, comprising the step of:
forming the II-V column compound semiconductor layers
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containing-at least tellurium, using the system of claim 1 or
2.

5. A method of fabricating an optical semiconductor
device as set forth in claim 4, wherein said II-V column
compound semicoqductor layers form a multilayer film'qf ZnSe
and ZnTe.

6. A method of fabricatihg an optical semiconductor
device as set forth in claim 5, wherein said ZnSe and ZnTe
form contact layers and said ZnTe forms a cap layer, and
wherein said optical semiconductor device forms a laser
emitting blue light.

7. A method of fabricating an optical semiconductor
device acting as a laser emitting blue light as set forth in
lclaim 6, wherein II-V column compound éemiconductor layers
are formed from a buffer layer not containing Te to a
cladding layer while éloSingtsaid gate valve, and wherein
said contact 'layer' and said cap layer are formed while

opening said gate valve.
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