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' BACKGROUND OF THE INVENTION
.l; 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 thé 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 conductivit§ 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,



green light and light-emtting di odes. Were a seniconductor device is

fabri cat ed, s using—these TT-VI col uim conpound seni conductors, the issue of

ohmi c contacts tQ.pgt LayRLaka Still a subject, because it is difficult
to obtain ahigh@ ﬁg’ [iGANt rati on. ;On the other hand, high p-type
conductivity is o Emumﬁw nc tellurium (ZnTe) nore easi| han from
various -other 11I- und sem conduct-e&s———E0 YV, the use
of ZnTe is essential for formation of the abovg-taisEHES jmc cpntact. An
exanpl e of the optical sem conductor device whint act
made of ZnTe |layer and emts bl ue-green
100, is a semiconductor laser. For example, this device uses

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
(ZnCdse), and a‘p—type guiding layer 126.;onsisting of ZnSsSe
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



light-is shown _in Fi g 3 Thi s optical sem conductor devi ce, 2 100, is a
sem conduct or Iaser this device uses a substrate 110 nade
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semiconductor layers 120 have been formed by MBE (molecular

beam epitaxy) using an MBE system, for 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 having 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 igto the p-type cladding layer.

As a result, the hole concentration 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.



sul fur sel enide (ZnMgSSe) are successively fornmed over the GaAs buffer

| ayer. 121. Furthermore,—an—+n=type gui ding | ayer 124 made from zinc sul fur
sel eni de (ZnSSe), an actige | a %&m%@5 consi sting, -for exanple, of zinc

cadmi um sel eni de ( Zhi a -type. guiding | ayer 126 consisting of
ZnSSe are stacked.'dlJ m “Bg | ayer 127 mdeggﬁ' g&g U

sul fur selenide (Zn -type layer 128 ﬁé%?g% e
successi vel y fornmed over the p-type guiding |layer 1 A act | ay 129
consisting, for exanple, of a nmultilayer filmof ZnSe/ZnTe and having a
superlattice

Z

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



structure and a cap layer 130 made from ZnTe are successively formed over
the p-type .layer 128. That is, the contact |ayer 129 and the cap |ayer 130
cooperate to form ayfs $neaelaiuam Replassder . Thus, the 11-VI col um conpound
sem conduct or | ayers - t ut eds Her et of-ere—the-above-descri bed
[1-VI  colum corrpoujmml ductor | ayers|IgasmeThegngtayned by
MBE (nol ecul ar beam using an MBE systen]y for memmden | n the MBE

according to the invention is a method of fabricating an
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



process, the constituent elements of the Il1-VI colum conpound
sem conductor |ayers 120 are evaporated-in an ultra-hi gh vacuum and
epitaxitally grown onis $iea Haslbest Replaced110, t hus f or m ng [feee=tayers

However, tellurium ( i I nt hagi ng a high
stagnant in nature. - re the substrate p
chanber of the MBE s emis 1solated by a shutter f

with the chanber, if the tenperature of the Te cell
at which growth is possible, then Te goes to the substrate through an

unstraight route. For this reason, when the p-type cladding Iﬁyer under the
ContactIanﬁﬁmEﬁﬂﬁ%Jﬁ?ﬂbcondUCtor layers not containing Te are formed,

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 fHE 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 .



ZnTe is grown, Fe-is mxed into the p-type cladding layer. As a result, the

hol e concentration in the p-type claddlng | ayer - decreases. In
consequence, thdhisgh QﬁaBbmﬂkﬂdeeterlorates For exanpl e, mhen t he hol e
concentration int E mdl ng | ayer consisting MeSSe=TS A D\

[err] if about 2% to the selenium (Se)
| ayer, then the hole concentrallon drops to about 1
reconbi nati on center due to Te in the n- type cl addi|bg==7eF—T15 o-served
wi t h phot ol um nescence (PL) at 77 K

compound semiconductor layers such as GaAs. The first
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



4 As a result, the fundanental-em-ssion characteristics are af f ect ed
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['1-VI colum

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 ep1tax1ally grown on the
substrate 110. At thlS time, the buffer layer 121 is formed
to a film thickness of about 0.3 um, for example.

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



conpound sem con aV|ng a p- type | ayer for the ohm c contact

wi thout mixing Te into ofher k3. The above-described object is achieved
by an MBE systen1a present invention, the MBE system
conprising a pl uraI| % including at Ieast a first chanber and a
second chanber. The is used to forn1|| gféﬁqgrﬁg Rdli
sem conduct or | ayers not.contalnlng Te. The second c LaBepoyed to
formll-VI colum conpound sem conductor | ayers cont '
Anot her MBE system according to the invention has a chanber to which a

plurality of cells are connect ed. The cells contain at |east one cell for
evaporating (fe:etn fxpm 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



system a gate varve or gate val ves are nounted in the cell or cells for
evaporating. the Teya miﬁ&ﬁ% Q“hhe side of the chanber. A nethod of

fabricating an opti devi ce 5 according to the invention
is a nethod of fabr[ cal sggi conduct or device by stacking
-Vl colum conpou layers. |l=M_colum conpound

sem conduct or Iayers contalnlng at Ieast Te arej
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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



t he MBE systens descri bed above. The MBE systemforming a first enbodi nent
of the invention-conprises—a first—chanber for formng Il-VI colum

conpound sem condugt.of, | S Bho ont ai ning Te and a second chanber for
formng I1-VI colu ae%gﬁenﬁkﬁ%%%nduqmpr | ayers containing at | east Te.
Therefore, the 11-V Imm] nd sem conductar_layers not containing Te
and the I1-VlI colu conductor | aygrfysaniz e forned
in their respective chanbers. Consequently, Tg Is rﬁﬁpgggggsééﬁ t he
[1-VI colum conpound sem conductor |ayers & eaato- -1 I n

anot her enbodi nent of the invention, a gate valve or
described by referring to the schematic view of Fig. 2. As

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 supplied 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.



gate val ves are noumted—n—thecell or cells for evaporating Te and | ocated
on the side of a char gr. Therefore, if the gate valve is closed, the
anbient in the cell & & Ra@wpietely i sol ated from the anbient inside
the chanber. As are Hm gate Ive is closed, Te supplied into

the cell or cells is f|ne nthe cgl_Wnter

t he chanber. Wen the gate valve 'S opened t he LgH T BRe BEeN|
cells is placed in comrunication with the anbi ent |nSI@EPlheE6hanbe
Consequent |y, when the

Therefore, the Te does not enter the chamber 21.

When the'gafe valve 26 is opened; the ambient ineide the
cell 24a used only for Te is placed in commuhicatien 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 eonsisting 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



6 compound sem conductor | ay: containing Te are forned, Te is not
m xed into these— ers In a further enbodi nent of the invention, |-V
col.um conpound s ﬂa B&mk s containing Te are formed by using any

one of the MBE sys bove w{ hout mxing Te |nt0 t he ot her
SCRI P OF his a
en1forn1ng a first [ri8dSHERT HA BERN ilhvent i on:

| ayers not containi
bl ock di agram of an
Fig. 2 is a side elevation partially in cross sfgcti oft8HLAGEIVBE syist em
form ng a second enbodi nent of the invention,

fabrlcate 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



and Fig. 3 is a _cross-sectional—vi-ew of an optical seniconductor device
fabricated,. using an MBE systemformng a third enbodi nent of the

i nventi‘on. DETAI Lyl sheDGRIBEFIReNa@E THE PREFERRED EMBODI MENTS The preferred

enbodi ments of -t he} tion arpq hereinafter described in detail
with reference to ng draw ngs. Fig. ' emati c bl ock
di agram showi ng th ontiguration of a first embodjfmeng spfe

i nvention As shown, an MBE system 1.conprises a pl ralihyvgaf Ry of

including at |east a chanber 11, a first chanber 12, and a-- -
| 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 improved
life characteristics can be fabricated.-‘ In the e)ﬁample
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



second chanber 13._ The chanber 11 is used to epitaxially grow I11-V col um
7 conpound sem conductor | ayers such as GaAs. The first chanber 12 is
used to epltaXIal|yT@§mmmﬂhsh&qummah conmpound semi conductor |ayers not

d

cont ai ni ng Te, such Zp&Se,  and
chamber 13 is enplo |aIIy grom1||-VI
sem conduct or | ayers I'ning at | east Te such -as

column compound semiconductor layers and II-V column compound
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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



In this exanple, the first chanber 12 is plhaced in the center. The
chanber 11 .and the—second—chanrber—13-are connected to the first chanber. A

chanber 16 for |ntr,IrB ing a substrate is connected to an interconnection
path 14 between theﬂmﬁgﬁM ed he {¢rst chamber 12. For exanpl e,

gate val ves (not sh d respectively in tie
path 14 and'in an i path 15 bet ween t he frw&BHEEEHBérBEEN 3
t he second chanber 13 to hernetically isolate the chapbers HHFM\C@Q:h ot
In the above-described MBE system 1, I11-V colum conpou
| ayers are fornmed in their dedicated chanber 11. 11-VI col um corrpound
senm conductemibajens dottensity, and improved 1life characteristics

er.

compared with the prior art device can be realized.



cont aining Te are fornmed in their dedicated first chamber 12. Conpound
sem conduct or Iaymast Te are fornmed in their dedicated

second chanber nium prevented from being m xed into the
111-V col um corrpo |wm laygrs or into the I1-VI colum
il

conpound semni conduct#or ¢l ayer® ndbt "contai ning Te. Consequently,!l-VlI colum

conpound sem conduct-or- | ayers which do not contain T d_have p-type

and n-type layers of inproved crystallinity THIS SHEET HAS BEEN
REPLACED

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

I
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can be fornmed. Mreover, in the second chanmber 13, 11-VI colum conpound
sem conductor | ayers haV| ng p-type ohm c characteristics can be forned.
Accordingly, if theMBEsystem I iS used, an optical semi conductor device

havi ng | ower oper wer oggillatian current; and higher
em ssi on intensi ti'“ﬂm!ﬂ I“ﬂ LImH;L ; rrproved f undanentEE—cwsion

characteristics) conpared \w ior art devi ce ¢ahHISeShtt HASBEERNS
case in which the present optlcal sen1conductor devi ¢le_f abPRFELACER net hppd

uses the above-descri bed MBE system 1 is now descri bed as an exanple. In

this case, the
containing at least tellurium, using the system of claim 1 ox

L

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 eemiconductor layers
are formed from a buffer layer not containing Te to a
cladding layer while elOSingtsaid gate valve, and wherein
said contact 'layer' and said cap layer are formed while

opening said gate valve.

_—
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connection mith Fig. as the optical onduct or devi ce.
First, 'a substrate 1 upplied fromthe ,
chamber 16 into the e substrate 110 i §
chanber 11. Then, a buffer l.ayer 121 oft9GaAs is ep = Q|
substrate 110. At this time, the buffer layer 121 is forned to a

it o the fARK pTRiL S o GoGERTE SrrdcE eabRTcRHED: b, " the

I1-VI colum conpound seni conductor |ayers 120 not containing Te

sem conduct or Iaserﬂgg’ghggt \g‘?él e. green l'ight. as al ready described in

ABSTRACT OF THE DISCLOSURE

A molecular beam epitaxy system having a plurality of
chambers which contaih-at least a first chamber and a second
chamber. The first chamber is used to form II-V column
cdmpound semiconductor layers not containing Te. The second
chamber is used to form II-V column compound semiconductor
layers containing at least Te. A semiconductor device having
an ohmic characteristics caﬁ be fabricated without mixing Te

into other layers.

Figure 2



9 (i.e., froma buffer layer 122 to a p-type cladding |ayer 128) are
epitaxially grown within the first chanber 12. Mre specifically, the
buffer ‘1'ayer 122 of ZnSe, an n- type cladding |ayer 123 of ZnMySSe, an
n-type guiding |ayer 124 of ZnSSe, an active |layer 125 of ZnCdSe, a p-type
gui ding layer 126 of ZnSSe, a p-type cladding |ayer 127 of ZnMgSSe, and the
p-type | ayer 128 of ZnSSe are successivelyl Itaxially grown over the
buffer |ayer 121. '

FIG.1
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At this tinme, these layers 122-128 are so grown that the followng film

t hi cknesses are obtained. The filmthickness of the buffer |ayer 122 is
about 200 A. The filmthickness of the n-type cladding |ayer 123 is about
0.8 [err].  The filmthickness of the n-type guiding |ayer 124 is about 600
A. The filmthickness of the active |aygj,125 is about 60 [err]. The film

t hi ckness of the p-type guiding |ayer 126 is about 600 [err]. The film

t hi.cknesses of the p-type cladding | ayer 127 and p-type | ayer 128 are about -
0.6 m Sinultaneously with epitaxial growth of the n-type cladding |ayer
123 and of the n-type guiding |layer 124, they are doped with chlorine (d),
for exanple. Also, sinmultaneously wth epitaxial growh of

FIG.3
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the p-type.guidi ng layer 126 and of the p-type cladding |ayer 127 and
p-type | ayer 128, they are doped with nitrogen (N, for exanple. Then, the
substrate 110 is noved into the second chanber 13 through the

I nt erconnection path 15, In the second1 10 chanber 12, the contact

| ayer 129 consisting of a nmultilayer filmof ZnSe/ZnTe and the cap | ayer
130 of ZnTe are successively grown. At this tinme, the contact |ayer 129 is

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
epitaxy (MBE) system capable of forming 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

1I-vi column compound semiconductors consisting of zinc
selenide (ZnSe) or the 1like are 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
1-vi column compound semiconductors, the issue of ohﬁic
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 (2ZnTe) more easily than from variogs other II-VI
column compound semiconductors. Cénsequently, the use of
ZnTe is essential for formation of the above-described ohmic
contact.

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

light is shown in Fig. 3. This optical semiconductor device,

This is the fép‘acement Sh‘.t _//_



formed to a filmthickness of about 150 A, for exanple. The cap l|ayer 130
Is grown to a filmthickness of about 700 A. In this nethod, the contact

| ayer® 129 containing Te and the cap |layer 130 are forned in the second
chanber 13 which is wused only for formation of Il1-VI colum conpound
seni conductor layers containing at |east Te. For this reason, the II-V
col umm conpound sem conductor |ayers 120 excluding the contact |ayer 129
and the cap | ayer 130 can be forned without mxing Te into those | ayers. As
a result, the p-type cladding |ayer 127 and p-type | ayer 128 have hole
concentrations not decreased and i nproved crystallinity. Al so, the n-type
cl addi-ng | ayed0 123 llasegdadbreiucsticat liasdry. For example, this device uses

a substrate 110 made from gallium arsenide (GaAs). A buffer
layer of GaAs 121 is formed on the substrate 110. I1r-vr
column compound semiconductor layers 120 are formed on the
buffer layer 121. One example of this is described below.

Specifically, a buffer layer 122'of ZnSe and an n-type
clédding layer 123 consisting, for example, of zinc magnesium
sulfur selenide (ZnMgSSe) 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 consisting, for example, of .<zinc cadmium selenide
(ZnCdSe), and a p-type guiding layer 126 consisting of ZnSSe
are stacked.

A p-type cladding léyer 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 2nSe/ZnTe and _having a superléttice
structure 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, therr-vi column compound semiconductor layers
120 are constituted.

Heretofore, the above-described yryy column compound

This is the rep\acement sheet
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Furthernore, the contact | ayer 129 and the cap l|ayer 130 fornmed in the |

second chanber 13 can be forned so as to contain Te and so p-type ohmc

characteristics can be obtained. Accordingly, in the above exanple, a

sen conduct or devi ce whose fundanmental |ight em ssion characteristics such

as operation current, threshold, current, and em ssion intensity are

I mproved and which has inproved life characteristics can be fabricated. A

second enbodi nent of the present invention is next
semiconductor layers 120 have been formed by MBE (molecular
beam epitaxy) using an MBE sy'stem, for example. In the MBE
process, the constituent elements of the IT-VIcolumn compound
semiconductor 1éyers 120 are evaporated in an ultra-high
vacuum and epitaxially grown on the substrate 110, thus
forming £he layers 121-130. |

However, tellurium (Te) is an e?.ement having 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
lével at which growth 1is 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 re_sult, the hole concenf;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 10'7 cm?3,
if about 2% Te is mixed into the selenium (Se) in the p-type
cladding layexr, then thé hole concentration drops to about 1
x 10" cm™. Also, recombination center due to Te in the n-
type cladding layer is observed with photoluminescence (PL)

at 77 K.
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described by referring to the schematic.view of Fig. 2. As shown, this MBE
system 2 *has a chanber 21 used for fabrication of a Il-VI colum conpound
seni ¢onduct or.. A plurality of cells 24 are connected to the chanber. A
hol der 22 for holding a substrate 30 is nmpunted inside the chanber 21.
Shutters 23 which can be opened and cl osed are nounted between their
respective cells 24 and the holder 22. The plural cells 24 are provided for
epitaxially grown constituent el enments, respectively. These cells 24
i nclude at | east one cell 24a (hereinafter referred to as the cell used
only for Te) for evaporating Te. A constituent elepent

As a result, the fundamental emission characterlstlcs

are affected severely. For instance, the operation current
or the threshold current of the formed optical semiconductor
device incgreases, and the intensity of the emitted light
decreases. |

OBJECT AND SUMMARY OF THE 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-VI columﬁ

 compound semiconductor 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
according to the present invention, the MBE system comprising
a plurality of chambers including at least a first chamber
and a second chamber. The fi;st chamber is used to form y11-vyrx
column compound semiconductor.layers not containing Te. The-
second chamber is employed to form yy-yr column compound
semiconductor layers containing at least Te;

Another MBE systém according 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

This is the replacement sheet

Date: 07 DEC 1995



put in a crucible 25, for exanple, is supplied into each cell 24. A gate
val ve 26*which is a feature of the present invention is nounted in the cel
24a tsed only for Te and | ocated on-the side of the chanber 21. |In this
exanpl e, a chanmber (not shown) for forna;%on of I11-V colum conpound -

sem conductors is connected with the chanber 21 used for formation of 1I-V
col um conpound sem conductors. In this MBE system 2 constructed in this
way, when the gate valve 26 is closed, the anbient inside the cell 24a used
only for Te is conpletely isolated fromthe anbient.inside the chanber 21.

As a result, when the gate yalve 26.i5s . ) ..
according “to the invention is a method of fabricating an

optical semiconductor device by stacking yy-yr column compound
semiconductor layers. y-yr column compound semiconductor
layers containing at least Te are formed, using any one of
the MBE systems described above.

The MBE system forming a first embodiment of the
invention comprises a first chamber for forming Iy column
compound semiconductor layers not containing Te and a second
qhamber'for forming yy-yr column compound semiconductor layers
containing at least Te. Therefore, the II-VIcolumn compound
semiconductor layers not containing Te and the 'ry.yr column
compound semiconductor layers containing Te are formed in
their respective chambers. Consequently, Te is not mixed
into the If—VI cblumn' 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 suppliéd into the
cell 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 éommunication with

the ambient inside the chamber. Consequently, when the
This is the replacement sheet
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cl osed, Te supplied into the cell 24a used only for Te is conpletely
confined within the cell 24a used only for Te. 12 Therefore, the Te does
not éenter. the chanber 21. Wen the gate valve 26 is opened, the anbient
inside the cell 24a used only for Te is pgaced in communication with the
anbi ent inside the chanber 21. Therefore, when the gate valve 26 is
opened, Te supplied into the cell 24a used only for Te enters the chanber

21. At this tine, if the substrate
compound semiconduétor layers not containing Te are formed,
Te is not mixed into these layers.

In a further embodiment of the invention, jy.yy column
compound seﬁiconductor 1a§ers containing Te are formed by
using any one of the MBE systems described above without
mixing Te into the other layers not éontaining Te.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an MBE system forming a
first embodiment of the in&ention;- .

Fig. 2 is a side elevation partially in cross section of
an MEE system forming a second embodiment of the invention;
and |

Fig. 3 is a cross-sectional view of an optical
semiconductor device fabricated, using an MBE systém 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 1is a schematic block diagram showing the
configuration of a first embodiment of the present invention.
As shown, an MBE system 1 comprises a plurality of chambers
inﬁluding 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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30 is held in the holder 22, a beam of Te reaches the surface of the
substrate 30. Al so, when the gate valve 26 is open, the crucible 25
suppliied into the cell 24a used only for Te can be noved into that portion
of the cell 24a used only for Te which is 4 ocated on the side of the
chanmber 21. Accordingly, in the MBE system 2 of this exanple, Te is .

prevented from being mxed into Il-VI colum conpound sem conductor.
| ayers not containing Te when they are forned. Al so, p-type ohm ¢
characteristics consisting of I1-VI colum conpound sem conductor |ayers
containing Te can be fornmed.- Consequently, I1-VI colum conpound

senm conduct ofFOPRPBRE \FRBRCARIBCEOT Y PAYRTF nSighe REYFAADF | nBRGvefirst

crystallini tzhamber 12 is used to epitaxially grow -y column compound
semiconductor layers not containing Te, such as ZnSe,
ZnMgSSe, ZnSSe, and IZnCdSe. The second chamber 13 is
employed to epitaxially grow iy column compound
semiconductor layers containing at least Te such as ZnTé.

In this example, the first chamber 12 is placed in the
center. The chamber 11 and the secbnd chamber 13 are
connected to the first chamber. A chamber 16 for introducing
a substrate is connected to an inteiconnection path 14
'betwe.en--the chamber 11 and the first chamber 12. For
example, gate valves (not shown) are moﬁnted respectively in
the interconnection path 14 and in an interconnection path 15
between the first chamber 12 and the second chamber 13 to
herfuetically' isolate the chambers from each other.

In the above-described ' MBE system 1, III-V column
compound semiconductor layers are formed in their dedicated
chamser 11. 31-vi column compound semiconductor layers not
éontaining Te are formed in their ded‘.icated first chamber 12.
Corﬁpound semiconductor layers 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 yy.yy <column compound
semiconductor layers not containing Te. Consequently, gy yy

column compound semiconductor layers which do not contain Te
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and which contain no Te can be forned. Therefore, an optical sem conductor
devi ce whose fundanental |ight em ssion characteristics have been inproved
and which has inproved |ife characteristics can be fabricated. A third
enbodinent is described now - In thig enbodinent, the optical

sem conduct or device fabrication nethod using the above-descri bed MBE
system 2 is enployed to 13 fabricate a sem conductor |aser emtting

bl ue-green |ight as

and have p-type and n-type layers of improved crystallinity
can be formed.

Moreover, in the second chamber 13, II-vI column compound
semiconductor layérs having p-type ohmic characteristics can
be formed. |

Accordingly, if the MBE systemll is used, an optical
semiconductor device having lower operation current, lower
oscillation current, and higher emission intensity (i.e.,
having improved fundamental emission characteristics)
compared with thé prior art device can be realized.

The case- in which the present optical semiconductor
device fabrication method uses the above-described MBE system
1 is now described as an example. In this case, the
semiconductor laser emitting blue~-green 1light as already
described in connection with‘ Fig. 3 is fabricated as the
optical éemiconductor 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 chamber 11. Then, a
buffer layer 121 of GaAs is epitaxially grown on ‘the
substrate 110. At this time, the buffer layer 121 is formed
to a f£ilm thickness of about 0.3 um, for example.

Then, the substrate 110 is moved into the first chamber
12 via the interconnection path 14. 'I‘hereafter, the II-VI

column compound semiconductor layers 120 not containing Te

s the rep\acement sheet
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t he optical sem conductor device described in connection with Fig. 3.
First, a‘substrate 110 of GaAs is supplied into a chanmber used for
formation of I11-V colum conpound sem conductors. The substrate 110 is
heat-treated in this chanber. Then, a bujfer layer 121 of GaAs is
epitaxially grown on the substrate 110. Then, the substrate 110 is noved
into the chanber 21 which is used for formation of I1-VlI colum conpound
sem conductors. At this tinme, the gate valve 26 nmounted in the cell .24a
used only for Te is closed. "As a result, Te supplied into the cell 24a
used only for Te is-isolated.

(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 cladding layer 127 of ZnMgSSe,
and the p-type layer 128 of 2ZnSSe are successively
epitaxially-grown over the buffer layer 121.

At this time, these layers 122-128 are so grown that the
following film thicknesses are obtained. 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 pum. The film
thickness of the n-type guiding 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 A. The film thicknesses of the p-type cladding layer 127
and p-type layer 128 are about 0.6 um. Simultaneously with
epitaxial grthh of the n-type cladding layer 123 and of the
n-type guiding layer 124, they are doped with chlorine (Cl),
for example. Also, simultaneously with epitaxial growth of
the p-type guiding layer 126 and of the p-type cladding laYer
127 and p-type layer 128, they are doped with nitrogen (N),
for example;

Then, the substrate 110 is moved into the second chamber

13 through the interconnection path 15. In the second

acement sheet
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Subsequently, the I1-VI colum conmpound sem conductor |ayers 120 are
epitaxially growmm fromthe buffer |ayer 122 not containing Te to the p-type
cl adding layer 128 in the chanber 21. Imédiately after the end of the
growth of the p-type layer 128, the gate jqpl ve 26 is opened. Also, the
cruci bl’'e 25 holding Te is noved into a position close to the positions of
the other crucibles 25 supplied into the other cells 24. The contact |ayer
129 consisting of- a nultilayer filmof ZnSe/ ZnTe and the cap | ayer 130 of
ZnTe are successively epitaxially grown on the p-type layer 128. In this
nmet hod, when ‘the gate valve 26 which is nounted
chamber 12, the contact layer 129 consisting of a multilayer
film of ZnSe/ZnTe and the cap layer 130 of 2ZnTe 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 layer 129 containing Te and
the cap layer 130 are formed in the second chamber 13 which
is used only for formation of II-VI° column compound
semiconductor layers containing at least Te. For this
reason, the yy-yy column compound semiconductor layers 120
excluding the contact layer 129 and thé 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 cladding 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 current, and emission
intensity are improved and which has improved 1life

characteristics can be fabricated.

A second embodiment of the present invention is next
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14 in the cell 24a used only for Te and | ocated on the side of the chanber
21 is closed, the 11-VI colum conpound sem conductor |ayers 120 are
epitaxially grown fromthe buffer |ayer 122 not containing Te to the p-type
| ayer 128. As a result, these layers can1ie fornmed fromthe buffer |ayer
122 to the p-type layer 128 without m xing Te into them In consequence,
the p-type cladding | ayer 127, p-type |layer 128 and n-type cl adding | ayer
123 having inproved crystallinity ‘ :
described by referring ﬁo the séhematic view of Fig. 2. As
shown, this MBE system 2 has a chamber 21 used for
fabrication of a -yt 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 ceils 24 are provided for epitaxially grown
constituent elements, respectively.. These cells 24 include
at least one cell 24a (hereinafter referred to as the cell
used only for Te) for evaporating Te. A constituent element
put in a crucible 25, for example, is supplied into each cell
24,

A gate valve 26 wﬁiqh 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 fhis example, a
éhamber (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 result, when the gate valve 26 is

closed, Te supplied into the cell 24a used only for Te is

completely confined within the cell 24a used only for Te.
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are obtained. Wien the gate valve 26 is open, the contact |ayer 129 and the
cap layer 130 are fornmed. The result is that the contact |ayer 129 and the

cap [ayer 130 are grown so as to contain Te. Hence, these layers 129 and
130 have p-type ohmic characteristics. Agcprdingly, in the above
exanpl e, an optical sem conductor device whose fundanental |ight

em ssion characteristics have been inproved and which has inproved life
characteristics can be fabricated. In the exanpl e descri bed above, a
sem conductor | aser has been described as an exanple of optical

sem conduct or devi ce. It is to be

Therefore, the Te does not enter the chamber 21.

When the gate valve 26 is opened, the ambient inside the
cell 24a used only for Te is placed in communication with the
ambient inside the chamber 21. Therefore, when the gate
valve 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 holdef 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 inté that portion of the cell 24a 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 jy.yy column compound
semiconductor layers not containing Te when they are formed.
Also, p-type ohmic characteristics consisting of II-VIcolumn
compound semiconductor layers.containing Te can be formed.

Consequently, II-VI column compound semiconductor layers
which have p-type and n-type layers of improved crystallinity
and which contain no Te can be formeq. Therefore, an optical
semiconductor device whose fundamental .light emission
characteristics have beén 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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noted that the invention is not limited to this. As described thus far, in
the first enbodi nent of the invention, a second chanber used only for
formatiron of conpound sem conductor |ayers containing at least Te js

provi ded independent of a first chanber. jJherefore, I11-V 15 col um
conpound sem conductor |ayers and I1-VIcolum conpound sem conductor | ayers
not containing Te can be fornmed wthout mxing Te into them '
Consequently, I1-VI colum conpound

fabricate 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 layer 121 of GaAs is epitaxially
grown on the substrate 110.

Then, the substrate 110 is moved into the chamber 21
which is wused for formation of gy.yy column compound
semiconductors. At this time, the gate valve 26 mounted in
the cell 24a used only for Te is closed. As a result, Te
suppiied into.the cell 24a used only for Te is isolated.
Subsequently, the y1-y1 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 positioﬁ close to the positions
of the other crucibles 25 supplied into the other cells 24.
The contact layer 129 consisting of a multilayer film of
ZnSe/ZnTe and the cap layer 130 of ZnTe are successively
epitaxiaily grown on the p-type laYer 128.

In this method, when the gate valve 26 which is mounted
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sem conductor |ayers having p-type |ayers whose hole concentration is
prevented from decreasi ng and which have inproved crystallinity can be
forméd, the Il-VI colum conpound sem conductor |ayers containing no Te.
Furthernore, in the second chamber, I1-V4colum conpound sem conduct or

| ayers having p-type ohm c characteristics can be forned. In the second
enbodi nent -of the invention, a gate valve is nounted in a cell for
evaporating Te and | ocated on the side of the chanber, unlike other cells.

Therefore, 11-VI columm conpound sem conductor |ayers not containing Te can
be formed without m xing Te into them by opening and closing the gate
val ve. At gheatdedd] y24a [ysed onky)| Tecangodngated on the side of

the chamber 21 is closed, the II-VI 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 formed from the buffer layer
122 to the 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 having improved crystallinity
are obtained. |

When the gate .valve 26 is open, the contact layer 129
‘and the cap layer 130 are formed. The result is that the
contact layer 129 and the cap layer .130 are 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- fundamental light emission
characteristics have been improved and which has improved
life characteristics can be fabricated. In the example
described above, a semiconductor lager has been described as
an example of optical semiconductor 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 used 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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sem conductor |ayers containing FTe can be forned. In the third enbodi nent
of the invention, '11-VI columm conpound sem conductor |ayers containing Te
can be fornmed without mxing Te into other |ayers. Therefore, an opti cal
sem conductor device in which the hole consentrations of the other p-type
| ayers not containing Te are prevented from decreasing and in which the
crystallinity of n-type layers are not deteriorated can be nmanufactured.
Accordi ngly, an optical sem conductor device having | ower operation
current, lower threshold current, higher

column compound semiconductor layers and jyj_ypcolumn compound
semiconductor layers not containing Te can be formed without
mixing Te into them. Consequently, jy-vi column compound
semiconductor layers having p-type layers whose hole
concentration is preveﬂted from decreasing and which have
improved crystallinity can be forn;ed, the 11yt column
compound semiconductor laYers containing no Te. Furthermore,
in the second chamber, jIr-yr cclumn compound semiconductor
layers having p-type ohmic characteristics can be fofmed.

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, yyy1
column compound semiconductor layers not containing Te can be
formed without mixing Te into them by opening and closing the
gate valve. Alternatively, II-v1 column compound
semiconductor layers containir;g Te can be formed.

"In the third embodiment of the invehtion, II-VI columﬁ
compound semiconductor layers containing Te can be formed
without mixing Te into other layers.__ Therefore., an optical
semiconductor device in which the hole concentrations of the
of.her p-type layers not containing Te are prevented from
decreasing and in which the crystallinity of n-type layers
are not deteriorated can be manufactured.

Accordingly, an optical .semiconductor device having

lower 6peration current, lower threshold current, higher
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16 em ssion intensity, and inproved |ife characteristics conpared with the
prior art device can be realized. 17 WHAT IS CLAIMED | S: 1. A net hod
of fabricating an optical sem conductor device having lam nated |-V

col utm conpound semni conductor | ayers using nol ecul ar beam epitaxy system
conprising the ' '

emission intensity, and improved life <characteristics

compared with the prior art device can be realized.
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step of: formng the I'1-VI col um conpound sem conductor | ayers not
containirng telluriumwthin-a-frst chamber. forming the I1-VI colum
conmpound seni conductor |ayers containing at least telluriumwthin a second
chanmber which |ST1a§$ka€ththQemR? i rst chigmber but separated fromthe first

chanber by a gate ml m“a“‘“ met hod of fabricatirhg—aneptical—

sem conduct or devi h in claim1, wherei m

conpound sem condu ayers forma multilayer fil rrmﬂmmHHHmulﬂ lw 3.

A net hod of fabricating an optical sem conduct.or - S i
WHAT IS CLAIMED IS:

1. A molecular beam epitaxy system comprising:

a first chamber for forming layers of semiconductors of
Il_ﬁ column compounds not containing tellurium; and

a second-chamber for forming layers of semiconductors of
Ilém[column compounds containing at least tellurium.

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

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

3. A moiecular_beam epitaxy system comprising:

a first chamber for forming layers of semiconductors of
1I-vicolumn compounds not containing tellurium;

a second chamber for forﬁing layers of semiconductors of
II-yr C€olumn compounds containing at least tellurium; .

a plurality of cells connected to said second chamber;
and

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

4, A mefhod of fabricating an optical semiconductor
device having laminated Iy-yy column compound seﬁiconductor
layers, comprising the step of:

forming the 11-y1 column compound semiconductor layers
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device as set fortirin—etalm?2, wherein said ZnSe and ZnTe form cont act
Iayers and said Zﬂ forms a cap layer, and wherein '
sem conductor devi Il een Repi@yy em tti ng bl ue

s&—d—epx—keal——_—
i g
e o e s

blue Iight as set
sem conductor |layers are fornmed froma buffer |ayer not containing Te to a

containing at least tellurium, using the system of claim 1 or
2.

3. A method of fabricating an optical seﬁiconductor
device as set forth in claim 4, wherein said II-vI column
compound semiconductor layers form a multilayer film of ZnSe
and ZnTe.

6. A method of fabricating an optical semiconductor
device as set forth in claim 5, wherein said ZnSe and ZnTe
form contact layers and said 2ZnTe forms a cap layer, and
wherein said optical semiconductor device forms a laser
emitting blue light.

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

opening said gate valve.
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cl addi ng | ayer while closing said gate val ve, and wherein said contact
| ayer .and said cap |ayer are formed while opening said gate val ve.

19

MBE SYSTEM AND SEMICONDUCTOR DEVICE FABRICATED, USING SAME

ABSTRACT OF THE DISCLOSURE

A molecular beam epitaxy system having a plurality of
chambers which contain at least a first chamber and a second
chamber. The first chamber is used to forﬁ II-VvI column
compound - semiconductor layers not confaining Te. The second
chamber is used to form jr-yI ¢olumn compound semiconductor
layers containing at least Te. A semiconductor device having
an ohmic characteristics can be fabricated without mixing Te

into other layers.

Figure 2
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IS CLAIMED IS:

II-VI1

II-VI

1. A molecular beam epitaxy system comprising:

a first chamber for forming layers of- semiconductors of
colﬁmn compounds not containing tellurium; and

a second chamber for forming layers of semiconductors of

column compounds containinq at least tellurium.

2. A methbd of fabricating an optical semiconductor
device having laminated II-VI column compound semi-
conductor layers, comprising the step of :

forming the II;VI column compound semiconductor
layers containing at least Tellurium, using the system
of Claim 1.
3. A method of fébricating an optical semiconductor
device as set forth in Claim 2, wherein said II-VI

column compound semiconductor layers form a multilayer

£ilm ZnSe and ZnTe.

4. A method of fabricating an optical semiconductor
device as set forth in Claim 3, 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.
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5. A method of fabricating an optical semiconductor

device acting as a laser emitting blue light as set forth in
claim 4, wherein II-VI column compound semiconductor layers
are formed from a buffer layer not containing Te to a
cladding layer while closi.ng‘. said gate valve, and wherein
said contact layer and said cap layer are formed ;ﬂhile

opening said gate valve.
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WHAT IS CLAIMED IS:

1. A method of fabricating an optical semiconductor
device having laminated II-VI column compound semiconductor
layers using molecular beam epitaxy system, comprising the
step of:

forming the II-VI column compound semiconductor layers
not containing tellurium within a first chamber. .

forming the II-VI column compound semiconductor layers
containing &t least tellurium within a second chamber which
is attached to the first chamber but separated from the
first chamber by a gate valve.

2. A method of fabricating an optical semiconductor
device as set forth in claim 1, wherein said II-VI column

compound semiconductor layers form a multilayer £film of
ZnSe and ZnTe.

3. A method of fabricating an optical semiconductor
device as set forth in claim 2, 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.



