1 alllmiaSYSTEM AND SEM CONDUCTOR DEVI CE FABRI CATED,

- Blekgs 205
USI NG SAME BACKGROUND OF THE INVENTION 1. Field of the
| iyEntion The present invention relates to a nol ecul ar 7,.Epi taxy
(MBE) system capable of formng Il-VlI colum conmpound sem ¢i Wét or

| ayers and also to a nethod of. fabricating an optical sem condugtor
deVice, using this MBE system 2. Description of the_ReIatedCﬁﬁg]

[1-VI colum conpound sem conductors cqgnsisting of zinc selenide (Znse)
or the Ilike- are applied to. optical sem conductor devices such as

| aser diodes emtting blue- green light and light-emtting diodes. \Were
a sem conductor device is fabricated, using these 1I1-VI colum conpound
sem conductors, the issue of ohmc contacts to p-type layer is still a

subj ect, becauseyphk 5$STEM 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)'systém capable of forming II-VI column compound -
semiconductor 1ayers~and also to a method of fabricating.an
optical semiconductor device, using this MBE system.

2. Description of the Related Art

1I-vT column compound semiconductors consisting of zinc
selenide (ZnSe) or the like ' 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 '
II-vi C€clumn compound semiconductors, 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 (2nTe) more easily than from wvarious other II-VI
column compound semiconductors. Consequently, 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,



difficult to obtain a high acceptor concentration. On the other hand, high
p-type conductivity is obtained fromzinc tellurium (ZnTe) nore easily
than fromvarious other I1-VI colum conmpound sem conduct ors.

Consequently, the use of ZnTe is essential for fornmation of the
above-descri bed ohm c contact. An exanpl e of the optica

sefi conduct or devi ce which uses an ohm c contact nade of ZnTe | ayer and
emts bl ue-green

light is shown in Fig. 3. This optical sem conductor
devi ce,

2 100, is a
sem conductor |aser. For exanple, this device uses a substrate 110 nmade
fromgalliumarsenide (GaAs). A buffer layer of GaAs 121 is forned on the

substrate 110. I1-VI colum conmpound sem conductor |ayers 120 are forned
on the buffer layer 121. One exanple of this is descrijbed, bel ow

Speci fi cal k)9, al ﬁ@pnipgygpcggg serse Eaxd eafﬁmp_lpypghis device Iuses
a substrate 110 made from gallium arsenide (GaAs). A buffer

layer of GaAs 121 is formed on the substrate 110. IT-vI ~

column compound semiconductor layers 120 are formed on the-

buffer layer 121. One examplé of this is described below.

Specifically, a buffer layer 122 of ZnSe and an n-type
cladding layer 123 consisting, for example, of zinc magnesium

sulfur selenide (2ZnMgSSe) 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 consiéting, for example, of «zinc cadmium selenide
(ZnCdSe), and a p-type guiding layer 126 consisting of ZnSSe
are stacked. .

A p-type cladding layer 127 made from zinc maghesium
sulfur selenide (ZnMgSSe:N) agd 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 ZnSe/inTe and having a superlattice

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, theri-yi column compound semiconductor layerxs

120 are constituted.

Heretofore, the above-described 13j-yy column compound



cl addi ng | ayer 123 consisting, for exanple, of zinc magnesium sulfur
sel enide (ZnMySSe) are successively forned over the
Furthernore, an n-type guiding |ayer
(ZnSSe), an active layer 125 consisting,

sel eni de
st acked.

sul fur sel enide (ZnMySSe: N) and a p-type | ayer
successively fornmed over the p-type guiding |ayer

| ayer 129

havi ng a superlattice
successi vely
129 and the cap | ayer

thell-VI ¢
Her et of ore

(ZnCdSe), and a p-type gquiding |ayer

A p-type cladding |ayer 127 nmade from zi nc nmagnesi um

consi sting, for exanple, of a
structure and a cap | ayer
formed over the p-type layer 128. That is,

t he cont act
130 cooperate to forma p-type ohmc

ayer.. Thus,
semhnondnebeRdlavat e ohtlidraye | Bsen stormesh by B (mqiSfupr
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process, the constituent elements of the IIJVIcolumn_compound

In the MBE

semiconductor layers 120 are evaporated in an ultra-high
vacuum and epitéxially 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 lajer under the contact layer containing
ZnTe is grown, Te is mixed igto the p-type cladding layer.
As a result, the hole concenération 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 2znMgSSe is about 3 x 10 cm??,
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 10 cm3. Also,

recombination center due to Te in the n-

type cladding layer is observed with photoluminescence (PL)

at 77 K.

GaAs buffer |ayer

124 made from zinc sul fur sel enide
for exanple, of zinc cadm um

126 consisting of ZnSSe are

121.

128 nmade from ZnSSe are
126. A cont act
multilayer filmof ZnSe/ZnTe and
130 made from ZnTe are

| ayer



3 sem conduct or | ayers 120 have been forned by MBE (nol ecul ar
epi taxy) using an MBE system for exanple. In the MBE process, the
coistituent elenments of the I1-VI colum conpound sem conductor |ayers 120
are evaporated in an ultra-high vacuumand epitaxially grown on the
suhstrate 110, thus formng the layers 121-130. However, tellurium
(Te) is an elenent having a high vapor pressure and thus stagnant in
nature. Therefore, where the substrat# placed inside the chanber of the
MBE systemis isolated by a shutter froma Te cell connected with the
chanber, if the tenperature of the Te cell is elevated to a |evel at which
growh is possible, then Te goes to the substrate through an unstrai ght
route. For this reason, when the p-type cladding | ayer under the contact
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decreases. are akPecEASSEVERERy. [P6r Lh¥EAREE] Ry ofEEEELIOK&EEPrent
For exanpl e, when the hole concentration in the p-type

or the threshold current of the formed optical semiconductor

‘beam

device increasés, and the intensity of the emitted light
decreases.
Q§QEQE_AHQ_§HMMABX.QE.IEE4LH!§HELQ§

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 column
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;gt chamber is used to form 1T
column compound semiconductor.layers not containing Te. The
second chamber is employed to form y1-yr column compound
semiconductor layers containing at least Te. |

Another MBE system.according to the invention has a
chamber to which a plurality of cells are connected. The
cells contain at least one celi for evaporating Te. 1In this
system, a gate.vaive 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



cl addi ng | ayer consisting of ZnNgSSe is about 3 x 10[err] cnferr], | f
about 2% Te is mxed into the selenium (Se) in the p-type cl addi ng | ayer,
then the hole concentration drops to about 1 X 10[err] cnmerr]. Al so,

reconbi nati on center due to Te in the n- type cladding |ayer is. observed
wi t h phot ol um nescence (PL) at 77 K :
4 * As a result, the fundanental em ssion characteristics are

affected severely. For instance, the opgration current or the threshold
current of the formed optical sem conductor device increases, and the
intensity of the emtted [ight decreases. CBJECT AND SUMVARY
OF THE | NVENTI ON It is an object of the |nvent|on to provide an MBE
(ol ecul ar beam epi taxy) system and optical sem conductor device

fabricati onagebkagdngarablthedf id i ih | sVl GRIEHBY of fabricating an

optical semiconductor device by stacking yy-yr column compound

semiconductor layers. . yy-ygy 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 yy-yr column
compound semiconductor layers not containing Te and a second
chamber for forming yr-vi column compound semiconductor layers
containing at léast Te. Therefore, the II—Vicolumn compound
semiconductor layers not containing Te and the yy.yr column
compound semiconductor layers containing Te are formed in
their respective chambers. Consequently, Te is not mixed
into the If-vi column compound semiconductor layers not

containing Te.

In another embodiment of the 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

~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 communication with

the ambient inside the chamber. Consequently, when the



conpound sem conductor |ayers having a p-type layer for the ohm c contact
W thout m xing Te into other |ayers. The above-described object is

achi eved by an MBE system according to the present invention, the MBE
system conprising a plurality of chanbers including at least a first

chanmber and a second chanber. The first chanber is used to formll-V
cof um conpound sem conductor |ayers not containing Te. The second chanber
is enployed to formI1-VI colum conpound sem ¢onductor

| ayer s. cont ai ni ng
at |east Te. Anot her MBE systemaccording to the invention has a
chanber to which a plurality of cells are connected. The cells contain

at least one cell for evaporating Te. In this system a gate val ve or
gate valves are nounted in the cel

or cells for evaporating the Te and
| ocated 'on the side of . the chan?er. A et hod of fabrigatiqg an
opt i cal serfiYWR SeMAER; gctor ayers not containing Te are formed,

Te is not mixed into these layers.

In a further embodiment of the invention, II-yr column
compound semiconductor layers-éontaining Te are formed by
using any one of the MBﬁ 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 invention;

Fig. 2 is a side elevation pértially-in Cross section.of

an MBE system forming a second embodiment of the invention;

and
/- .
Fig. 3 1is a cross-sectional view of an optical
semiconductor device fabricated, using an MBE system forming

a third embodiment of the invention.
DETAILED DESCRIPTIOﬁ 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 schematic blpck' diagraﬁ showing the
configuration of a first embodiment of the present invention.
As shown, an MBE system 1 comprises a plurality of chambers

including 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



according to the invention is a nethod of fabricating an optical

sem conduct or device by stacking I1-VlI colum conpound sem conductor

| ayers. I1-VI colum conpound seni conductor |ayers containing at |east Te
are formed, using any one of the MBE systens described above. The
MBE system forming a first enbodi ment of the invention conprises a first
chanber for forming Il1-VI colum conpound seni conductor |ayers not
containing Te and a second chanber for, formng Il1-VI colum conpound

sem conductor |layers containing at | edst Te. Therefore, the I1-VIcolum
conpound sem conductor |ayers not containing Te and the I1-VI col um
conpound sem conductor |ayers containing Te are fornmed in their respective
chanbers. Consequently, Te is not mxed into the II-VI colum conpound
sem conductor |ayers not containing Te. . I n anot her, enbodi nent of

t he i nventFYMPOUNYafEMISPREUGLOr JFA¥LKRS)| PEShar @8 nGiffted | ntA%he fd&Bt or
cells for eyva atjng. . Te d | ocat ed the side of a,chanmber. Therefore,
T the | gRvanber ke gsad o qRitazna iy oY FEvEe G0 L gRprpoidd

conpl et el Ygbaobah&tcfs LM IR AR CBakdeniRg CRETDELucK'S as @ Al T,
when the gate valve 1s closed, Te supplied intd the cell or cells'is

conpl et el yzfingbseed ansddie aall szwrdkélpes The second chamber 13 is

employed to epitaxially grow ry-vy1 column

compound

semiconductor layers containing at least Te such as 2ZnTe.

In this example, the first chamber 12 is placed in the
center. The chamber 11 and the second chamber 13 are
connected to the first chamber. A chamber 16 for introducing
a substrate is connected to an interconnection path 14

between the chamber 11 and the first chamber 12. Foxr

example, gate valves (not.shown) are mounted respectively in
the interconnection path 14 and in an ‘intexconnection path 15
between the first chamber 12 and the second chamber 13 to
hermetically isolate tﬁe chambers from each other.

In the above—described- MBE system 1, III-V column
compound semiconductor layers are formed in their dedicated
chamber 11. Iy-yi column compound semiconductor layers not
containing Te afe formed in their dedicated'first chamber 12.
Compound semiconductor layers containing at least Te are

formed in their dedicated second chambexr 13. Therefore, Te

is prevented from being mixed into the III-V column compound

semiconductor layers or into the yy_yyr column compound

semiconductor layers not containing Te. Consequently, 11y

column compound semiconductor layers which do not contain Te



not enter the chanber. When the gate valve is opened, the anbient in the

cell or cells is placed in comunication with ~ the anbient inside the
chaanber . Consequently, when the 6
conpound sem conductor | ayers not containing Te are formed, Te is not

m xed into these |ayers. . In a further

X enmbodi rent of the invention,
12Vl colum conpound sem conductor |layers containing Te are forned by

usi ng any one of the MBE systens descrBbed above w thout mxing Te into

the other |ayers not containing Te. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. 1 is a block diagramof an MBE systemfornmng a first

enbodi nent of the invention; Fig. 2 is a side elevation partially in
cross section of an MBE systemformng a second enbodi ment of the

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

Moreover, in the seconq chamber 13, 11-vI column compound
semiconductor layers having p-type ohmic characteristics can
be formed.

Accordingly, if the MBE system.l is used, an optical
semiconductorldevice having lower operation current, lower
osc;llation current, and higher emission intensity (i.e.,
having improved fundamental emission characteristics)
combared with the prior art device can be realized.

The case in which the pr.esent 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 light as already
described in connection with‘Fig. 3 is fabricated as the
optical semiconductor device.

First, é substrate 110 of GaAs is supplied from the
subétrate-inﬁroducing chamber 16 into the chamber 11. The
substrate 110 is heat-treated in the chamber 11. Then,-a

buffer layér 121 of GaAs is epitaxially grown on the

substrate 110. At this time, the buffer layer 121 is formed

‘to a film thickness of about 0.3 pum, for example.
Then, the substrate 110 is moved into the first chamber
12 via the interconnection path 14. Thereafter, the II-VI

column compound semiconductor layers 120 not containing Te



and Fig. 3 is a cross-sectional

devi ce fabricated, using an MBE system forni ng a third enbodi nent of the

i nwvention. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
The preferred enbodi nents of the present invention are herei nafter

described in detail with reference to the acconpanying draw ngs.

Fig. 1 is a schematic bl ock di agram show ng the configuration of a first
enbodi ment of the present invention.

vi ew of an opti cal sem conduct or

o9 As shown, an MBE system 1 conprises
a plurality of chanbers i ncl.udi ng at |east a chanmber 11, a first chanber
12, and a second chanber 13. ' The chanber 11 is used to epitaxially
grow I11-V colum 7 conpound
sem conductor |ayers such as GaAs. The first '

(i.e., from a buffer layer 122 to a p-type cladding layer

128) are epitaxially grown within the first chamber 12.
More speéifically, 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 groﬁn over the buffer layér 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 ﬁ-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 growth of the n—tybe clédding 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



chanber 12 is used to epitaxially grow I1-VI col umm conpound sem conductor
| ayers not containing Te, such as ZnSe, ZnMySSe, ZnSSe, and ZnCdSe. The
second chanber 13 is enployed to epitaxially growll-V col um
conmpound sem conductor |ayers containing at |east Te such as ZnTe.

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

16 for introducing a substrate is copﬁect ed to an interconnection path 14
bet ween the chanber 11 and the first chanber 12. For exanple, gate

val ves (not shown) are nounted respectively in the interconnection path 14
and in an interconnection path 15 between the first chanber 12 and the

second chanber 13 to hernetically isolate the chanbers from each ot her.
In the above-descrjbed MBE system. 1, I1L-Y colu . CONpQ ' uct or
| ayers ar e“PEPHRY ]rﬁ' s © c%‘atlééfer éﬁgnﬁg?sﬁp??-% ag_o uﬁrr’%r%g%gund
sem condutr:r%giml WYE S, 7 znT P Nhakni ggeTecgtge ]féyéiied 1130 t8ei rzpipsli Gateed

- first chanbér 12. npound sem conduct or | ayérs containing at |east Te
are formadckBsknobiydgdbwatl edaceennd ehmspethd Scordtecef ayer N29 iss
prevented from being m Xxed into the IIl-V col um gonpound sem conduct or

| ayers or formed toha filwlthickness ahjmwtd 150sdni EondazaBple aydPhe not
contai ning Te. Consequently, 11-VI '

cap layer 130 is grown to a film thickness of about 700 A.

In ﬁhis method, the contact layei 129 containing Te and
the cap layer 130 are formed in the second chamber 13 which
is used only for formation of I¥FVI" column compound
semiconductor layers containing at least Te. For this
reason,.the II-yI column compound ‘semiconductor layers 120
excluding the conéact léyer 119 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 cladding laygr 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 life

characteristics can be fabricated.

A second embodiment of the present invention is next



col utm conpound sem conductor |ayers which do not contain Te

8 and have p-type and n-type layers of inproved crystallinity can be
f or med. Mor eover, in the second chanber 13, I1-VI col um conpound
sem conductor | ayers having p-type ohm c characteristics can be forned.
Accordingly, if the MBE system1 is used, an optical

sem conduct or devi ce

havi ng | ower operation current, lower oscjllation current, and higher

em ssion intensity (i.e., having inpjoved fundamental emission
characteristics) conpared with the prior art device can be realized.

The case in which the present optical sem conductor device fabrication
nmet hod uses the above-descri bed MBE system 1 is now described as an

exanpl e. In this case, the sem conductor |aser enmtting blue-green
light as al read described in connection with Fi ' [
g described by referring to the g%hemétic gieg &E éﬁgrlf?t?gsas the

shown, this MBE system 2 has a chamber 21 used for

f_abrication of a 11~y 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 And 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
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 which is a feature of the presert
invention is mounted in the cell 24a used only for Te and

located on the side of the chamber 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 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.



optical sem conductor devi ce. First, a substrate 110 of GaAs is _
supplied fromthe substrate-introduci ng chanber 16 into the chanber 11
The substrate 110 is heat-treated in the chanber 11. Then, a buf f er

| ayer 121 of GaAs is epitaxially grown on the substrate 110. At this
time, the buffer layer 121 is formed to a filmthickness of about 0.3
[err]m for exanple. Then, the substrate 110 is noved into the first
chanber 12 via the interconnection th 14. Thereafter, the I1-V

col utm conpound sem conductor layers 1 not containing Te

9 (i.e., froma buffer layer 122 to a p-type cladding |ayer 128) are
epitaxially growmm within the first chanber 12. More specifically, the

buffer layer 122 of ZnSe, an n- type cladding layer 123 of ZnMySSe, an
Dl 4Pe 01 #agelrBLe] chetrd! ablESRot Bnlll' ¥Re! BREREESD! ZNCHSS: A P-type
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 6pened, 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 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 II-yr 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, IT-VI column compound semiconductor layers
which héve 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 systeh-z is employed to



| ayer 126 of ZnSSe, a p-type cladding |layer 127 of ZnMySSe, and the p-type
| ayer 128 of ZnSSe are successively epitaxially grown over the buffer

| ayer 121. At this tine, these layers 122-128 are so grown that the
following filmthicknesses are obtained. The filmthickness of the buffer
| ayer 122 is about 200 [err]. The filmthickness of the n-type cl adding

| ayer 123 is about 0.8 [err]m The film thickness of the n-type guiding

| ayer 124 is about 600 [err]. The filmthickness of the active |ayer 125
is about 60 A The filmthickness of e p-type guiding |layer 126 is about
600 [err]. The filmthicknesses of the p-type cladding layer 127 and
p-type | ayer 128 are about 0.6 [err]m Sinmultaneously with epitaxial
growt h of the n- type cl addi ng | ayer 123 and of the n-type guiding | ayer

- 124, they are do chl or exa Al so, si t aneous
with epi %/af("f“ép‘ B‘\?\/t% s@l‘““’f’ﬂguﬁtﬁpﬁaéﬁ’r’ﬁ'ﬁ’gt n&’ fi‘gﬁ‘& B3t ype d
| addi I en
for exanpl SH8foprech PiRalcolififct 8 Havite f%%%?%ﬁ%%ﬁ%%ﬁﬁ%%éé%% -
chanber Fig.through the |nterconnect|on path 15. In the second

"First, a substrate 110 of GaAs is sﬁpplied 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 Nis epitaxially.
grown on the substrate 110.

Then, the substrate 110 is moved into the chamber 21
which is used for formation of yryy 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
supplied into the cell 24a used only for Te is isolated.
Subsequently, the 11-y1 column compound semiconductor layers
120 are epitaxially grown from the buffer layer 122 not
containing Te to the p-type ci;dding layer 128 in the chamber
21.

Immediateiy 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 ﬁoved into a position 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 2ZnTe are successivelf

epitaxially grown on the p-type layer 128.

In this method, when the gate valve 26 which is mounted



10 chanmber 12, the contact |ayer 129 consisting of a nultilayer film
of ZnSe/ZnTe and the cap |layer 130 of ZnTe are successively grown. At this
tiqste, the contact layer 129 is forned to a filmthickness of about 150 A,
for exanple. The cap layer 130 is grown to a filmthickness of about 700

[err]. In this nmethod, the contact |ayer 129 containing Te and the
cap layer 130 are formed in the second chanber 13 which is wused only

for formation of Il1-VI colum co und seni conductor |ayers containing
at | east Te. For this reason, the -V

_ _ col um conpound sem conduct or
| ayers 120 excluding the contact |ayer 129 and the cap |layer 130 can be

formed without mxing Te into those layers. As a result, the p-type
cl adding | ayer 127 and p-type | ayer 128 have hole concentrations not
decreased and inproved crystallinity. Also, the n-type cladding | ayer 123

has good cimsthél celly24a used fulyhfenvPe, andelevntedton e Sde 4fd the
cap layer 130 for med |n t he secaond chanber

contai n TethRd §BapPe¥pe 2dhnil® cifdeseer i s"t}}eci?,égﬁnbbe {%ng? pdiind ©
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 bﬁffer layer
122 to the p-type layer 128 without mixing Te int6 them. In
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 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 laser has been described as
an example of optical semiconductor device. It is to be
noted that the invention is not limited to this.

As desdribed thus far, in the first embodiment of thg
invention, a second chamber used only for formation of
compound' semiconductor layers containing at least Té is

provided independent of a first chamber. Therefore, III-V



Accordingly, in the above exanple, a seniconduct or
fundanental |ight em ssion characteristics such

t hreshol d current, and em ssion intensity are inproved and whi ch has

i mproved life characteristics can be fabricated. A second

enbodi mrent of the present invention is next descri bed by
referring to the schematic view of Fig. 2. As shown, this MBE system 2 has
a chanber 21 used for fabrication of [1-VI colum conpound

sem conduct or- A plurality of cells ™24 are connected to the chanber. A
hol der 22 for holding a substrate 30 is nmounted inside the chanber 21.

Shutters 23 which can be opened and cl osed are nounted between their
respective cells 24 and the hol der 22. The plural cells 24 are
provi ded for epltaX|aIIg gr own

column compound semicon

devi ce whose
as operation current,

ductor layers and yy.yycolumn compound
semiconductor layers not containing Te can be formed without

mixing Te into them. Consequently, yr-yx column compound

semiconductor layers having .p-type layers whose hole

concentration is prevented from decreasing and which have
improved crystallinity can be formed, the yr.y;f column

compound semiconductor layers containing no Te. Furthermore,

in the second chamber, II-yvI column compound semiconductor

1ayers having 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, 11y3

column compound semiconductor layers not containing Te can be
formed without mixing Te into them by opening and closing the

gate valve. Alternatively, II-vI column compound

semiconductor layers containing Te can be formed.
In the third embodiment of the invention, 1 yy column
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
other 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 operation current, lower threshold current, higher



constituent elenents, respectively. These cells 24 include at |east 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 exanple,
is,supplied into each cell 24. A gate valve 26 which is a feature of
t he present invention is nmounted in the cell 24a used only for Te and

| otated on the side of the chanber 21. In this exanple, a chanber (not
shown) for formation of 111-V col um gpenmpound sem conductors is connected
wi th the chanber 21 used for formation of I1-V colum conpound

sem conduct ors. In this MBE system 2 constructed in this way, when

t he gate valve 26 is closed, the anbient inside the cell 24a used only

for Te is conpletely isolated fromthe anbi ent inside t he chanmber 21. As
a result, when the gate vaJ ve 26 i .closed, Te . supplied into.the cell 24a
ised onl y FBHESREN s TRCGREAEY i yaRdns ARBEONPENI i iR CORTASHEZ 85l y 1 or

Te. compared with the prior art deviég can be realized.



Therefore, the Te does not enter the chamber 21. When the gate valve
26 is ope de the cell 24a used only for Te is placed

I n- comuni nbi ent inside the chanber 2] E
the gate 3‘%“@]] ﬂ)“ ”g Hm Te supplied into the cell | JHs SHERT cWHSyB
Te® enters t 3. At this time, if7the substrate 30 REPWMED in the

hof der a beam of Te reaches the surface of the subsi+ete—30"ATSO,
when the gate valve 26 is open, the crucible 25 supplied into the cell 24a
used only for. Te .can..be noved._i.nto-that porti.on . of. the cell 24a.used only
for Te whi dlaims| ocated on- the -si-deof- the chanber-21. - . :Accordingly,
in the MBE systentz of this exanple, Te i's prevented frontbeing m xed into
I1-VI colum conpound seniconductor |ayers not containing Te when they are
formed. Also, p-type ohm c characteristics consisting of IIl-VIcolum
conmpound se 'conductor | ayers containing Te can be forned.

Consequent | col umm _compound sem,conduct or
p-type and n- t 'ﬂ%’r G5 ¢ %M ﬁ Ib%}/%@ V%hﬁ%ﬁﬁéu n no
Te can be f&f 311%@9”&96?9@; |Q9§Famn5§aﬁ4 o coll for\avaporating

fundanent al tellarinme snidsystem comprisingsr i sti cs have been ‘i nproved and whi ch

has inproved d gdte valve mouatédin ssidaell foe eirahmaunge:dllunum and located
on a side of said chamber.

2.

A method of fabricating an optical semiconductor device. having
laminated II-VI column compound semiconductor layers, comprising the
step oft

forming the II-VI column compound semiconductor layers containing at
least tellurium, using the system of claim 1.

3. :
A method of fabricating an optical semiconductor device as set forth in
claim 2, wherein said II-VI column compound semiconductor layers form a
multilayer film of 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.

8. -
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
tellurium to a cladding layer while closing said gate valve, and wherein said
contact layer and said cap layer are formed while opening said gate valve.

This Sheet Has Been Replaced:
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A third enbodinment is described now In this enbodi nent, the
optical sem conductor device fabrication nmet hod usi ng the
above-descri bed MBE system 2 is enployed to

13. fabricate a sem conductor |aser emtting blue-green |ight as the
opti cal sem conductor device described in connection with Fig. 3.
First, a substrate 110 of GaAs is supplied into a chanber used for

formation of 111-V colum conmpound sem conductors. The substrate 110 is
heat-treated in this chanber. Then, a buffer layer 121 of GaAs is

epitaxially grown on the substrate 110. Then, the substrate 110 is
noved into the chanber 21 which . is ué@d for formation of [1I-V

' “The col MsY Sverleh A FekRoRuuFhok oleled adiTAlEhy BBHE SAam o

ABSTRACT OF THE DISCLOSURE
A molecular beam epitaxy system having a plurality of
" chambers which'cgntain at least a first chamber and a second
chamber. The first chamber is used to form ry-yI column
compound semiconductor layers not containihg Te. The secohd
chamber is used to form jr=yr column 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



supplied into the cell 24a used only for Te is isolated. Subsequently, the
[1-VI colum conpound sem conductor |layers 120 are epitaxially grown from
the buffer layer 122 not containing Te to the p-type cladding |ayer 128 in
the chanber 21. | mredi ately after the end of the growth of the
p-type | ayer 128, the gate valve 26 is opened. Al so, the crucible 25
hotding Te is noved into a position close to the positions of the other
cruci bles 25 supplied into the other cells 24. The contact |ayer 129
consisting of a multilayer film of Zn3d2znTe and the cap | ayer 130 of
ZnTe are successively epitaxially grown on the p-type |ayer 128.

In this nmethod, when the gate valve 26 which is nounted

14 in the cell 24a used only fﬁlé Td'locat ed on the side of
11 /12 /13
/ 14 ' 15
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the chanber 21 is closed, the II-VI colum conpound: sem conductor

| ayers 120 are epitaxially grown fromthe buffer |ayer 122 not contai ning
Te.to the p-type layer 128. As a result, these |layers can be formed from
the buffer layer 122 to the p-type Iayer 128 without mxing Te into them
I ¥ consequence, the p-type cladding |layer 127, p-type layer 128 and
n-type claddi ng layer 123 having inproved crystallinity are obtained.
When the gate valve 26 is open, the contact |layer 129 and the cap | ayer
130 are forned. The result is that Hhg contact layer 129 and the cap
| ayer 130 are grown so -as to contain Te. Hence, these |ayers 129 and 130

have p-type ohm c characteristics. Accordingly, in the above
exanpl e, an opti cal sem conduct or devi ce 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 conduct or | aser has been described as an exanpl e of optical
sem conduct or devi ce. It is to be noted that the invention is not
limted to this. - As described thus far, in the first enbodi nent of
t he i nvention, a second chan‘oFlﬁernl y for formation of conpound
semi conductor |ayers containing at least Te is
120 )
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provi déd i ndependent of a first chanber. Therefore, 1I11.-V Ui0bet- Ips
15  colum corrpound sem conductor |ayers and [err]col um conpound
sem &onduct or mll mmm Iaﬂ/‘imng Te can be fornmed without mxing Te
into them g col utm conpound  senj-conductc ABE-Sm -
havi ng p-type Iayers whose hol e concentrﬁt_,l on is prep Ad i si ng
and whi ch have inproved crystallinity camn‘be forned,
conmpound sem conductor | ayers containing no Te. Furt h
chanber, 11-VI colum conpound sem conductor |ayers
char act eri stlatmgan be forned. In the second enpodi
I nvention, a gate valve is nmounted in a cell for evaporati ng Te and
| ocated on the side of the chanber, unlike other celts:
col utm conmpound sem conductor | ayers not containing Te can be for rred
w thout m xing Te into them by opening and closing the gate valve.
Al ternati veI1y [1-VI colum conpound
: 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 evaporatmg tellurium and located
on a side of said chamber. ; and

cond

-V

a method of fabricating an optical semiconductor device having
laminated II-VI column compound semiconductor layers, comprising the
step of:

forming the II-VI column compound semiconductor layers containing at
least tellurium; and

. wherein said II-VI coluxﬂn éompound semiconductor layers form a
multilayer film of ZnSe and ZnTe ; and

. wherein said ZnSe and ZnTe form contact layers and said ZnTe -
_fo_rms a cap layer, and wherein said optical semiconductor device forms a
laser emitting blue light.

2. Amethod of fabricating an optical semiconductor device acting as a laser

emitting blue light as set forth in claim 1, wherein II-VI column compound
semiconductor layers are formed from a buffer layer not containing
tellurium to a cladding layer while closing said gate valve, and wherein said
contact layer and said cap layer are formed while opening said gate valve.

Thls Sheet Has Been Rep laced




sem conduct o m mlng Te can be forned. | n t hef¥itéd-+ dros
enbodi ment o”l Imm“ﬁmw Iﬁl\ ['1-VI colum conmpound sem conductor | ayers
contai ning Te*cah be fforrfed* without m X|7ng Te into other |ayers.

Therefore, an opti cal semi conduct or devi’ce in which the hole

concentr at i ordaims:t he ot her p-type layers not containing Te are prevented.
from decreaIsmg and m&[gch t he crystzilll nity of n-type |ayers are not
deteri orat ed can pbricaing an optical sppiconducter devicerhaying & laminated

sem conduct ofy W‘Uoﬁﬁnﬁ‘@é(xhﬂ&nd senfldSHauelE 14k Corfitisidf e sdd'6F; * Nr eShol d

current, higher em ssi on

i nt ensi ty donining e olleVll cbluin coimpoand semidonductorC tayess edntaininy tabedegiti or

art device carl be reali zed.
ur1um using a molecular beam epitaxy system having a chamber to which a

plurality of cells are connected, and a gate valve mounted in a cell for evaporating

tellurium and located on a side of said chamber,

wherein said II-VI column compound semiconductor layers form a multilayer film
of ZnSe and ZnTe; and

wherein said ZnSe and ZnTe form contact layers aild said ZnTe forms a cap layer,

and wherein said optical semiconductor device forms a laser emitting blue light.

2. |
A method of fabricating an optical semiconductor deviccf ’having
laminated II-VI column compound semiconductor 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 fabricating an optical semiconductor device as set forth in
claim 2, wherein said II-VI column compound semiconductor layers form a
multilayer film of 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 layexs and said ZnTe
forms a cap layer, and wherein said optical semiconductor device forms a
laser emitting blue light.

5. :

- Amethod of fabncatmg 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
tellurium to a cladding layer while closing said gate valve, and wherein said
contact layer and said cap layer are formed while opening said gate valve.
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17 . Cains 1. A nmethod for nmaking a |ight- em gtibug s
devi ce, conpri si 13“"’3"&1’@@!"2”“ forming in order an n-type cl addi ng
| ayer, an active ,jdl ng |layer conprising Il-VI conpounds not
containing Te on a seni conltret or* substrate_by nol ecul ar beamepitaxy in a
first chanber, novi ng the substrat 7fromthe first chanber to a
second chanber hernetically isolated fromsaid first chanber; and
thereafter, formng_ in order a contact |ayer and a cap | ayer each
~conprising a Il-VvI €@¥¥8und containing Te on said p-type cladding |ayer in
sai d second chanber by nol ecul ar beam epitaxy to provide said |ight

emtting device. A nethod of making a light-emtting device.
as defined in dainll, V\Aéﬁ%thﬁﬂ fori maldeg adight emijting deyvigs; icomprising dhastepg
I'1-VI conpoundyseni conductor |ayers of ZnSe and ZnTe. 3. A

met hod of making a light-enitting device as defined in Claim1, wherein
sai d second f or mi ngfogmiag,in ouder @ntn-typs eladding layeBeamactiverare apayrie)claddngnd a

ggfl Lglye; e(r)r:c Céﬁgé:rcéto%rﬂr@fng‘gfvg%%ngﬁgg bgb%c{ﬁ?anluhg BE o3 ddnhiBShdletor $Ebttatd"
by molecular beam epitaxy in a first chamber;
moving the substrate from the first chamber to a second chamber
hermetically isolated from said first chamber; and
thereafter, forming in order a contact layer and a cap layer each comprising
a 1I-Vl compound containing Te on said p-type cladding Iéyer in said second
chamber by molecular beam epitaxy to provide said light emitting device.

2. A method of making a light-emitting device as defined in Claim 1,
wherein said contact layer comprises alternating Il-VI compound semiconductor
layers of ZnSe and ZnTe.

3. A method of making a Iight—emittjng device as defined in Claim 1,
wherein said second forming step, contact layers of ZnSe and ZnTe are formed
and a cap layer of ZnTe is formed and wherein the light emitting device is an

optical semiconductor laser emitting light.
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