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TITLE OF THE INVENTION 

Method of Fabricating Compound Semiconductor Device and 

Apparatus for Fabricating Compound Semiconductor Device 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

'.. 

The present invention relates to a method of fabricating a compound 

semiconductor device employed for an LED (light emitting diode) or the.like 

and an apparatus for fabricating a compound semiconductor device, and 

more particularly, it relates to a method of fabricating a semiconductor 

10 device for a ZnSe-based LED employed for the backlight of a liquid display 

unit or the like and an apparatus for fabricating a compound semiconductor 

deVice. 

Description of the Prior Art 

In order to drive a CQmpound semicond~or device such as an LED, 

15 . it is necessary to form an electrode on a compound semiconductor. For 

example, an electrode of ohmic contact must be formed on the back surface 

of a ZnSe substrate, in order to produce a ZnSe-based LED chip. However, 

such an electrode of ohmic contact cannot be readily formed on the ZnSe 

substrate for the following reasons: '" 

20 "(a) The upper bound of the carrier concentration of the ZnSe 

substrate is limited to the latter half of the 1011 mark. No ZnSe substrate 

having a carrier concentration exceeding the latter half of the 1011 mark 

has heretofore been fabricated. In particular, the carrier concentration of . 

a p-type ZnSe substrate cannot even reacl~. the 1011 mark. 

25 (b) Oxides are readily formed on the surface of the substrate. 

(c) The treatment temperature for forming the electrode must be not 

more than 250°C, in order to protect an active layer or a cladding l~yer of 

an emission part. 

In general, In which is a low melting point metal is known as an 

30 electrode metal implementing ohmic contact. An electrode of ohmic 

contact can be formed also on the aforementioned ZnSe substrate by fusing 

In. 

In a ZnSe-based LED prepared by fusing In, however, various 
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inconveniences result from the low melting point of In in solder reflow or 
transfer molding. When the ZnSe-based LED is heated to 200°C to 250°C, 
for example, ball-up results from the low melting point of In of about 157~C, 

and hence a flat interface cannot be obtained. Therefore, uniform ohmic 
5 contact cannot be attained despite implementation of partial ohmic contact. 

When a flat electrode having ohmic contact is not formed, an .unnecessarily 
high voltage must be applied to the overall LED, which in turn requires a 
large number of batteries and cannot be readily applied to the backlight for 
a liquid crystal display screen of a portable telephone or the like. Thus, 

10 strongly awaited is development of an electrode, not prepared from In, 
capable of attaining thermally and mechanically stable ohmic contact with 
a compound semiconductor. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method of · 
. 15 fabricating a compound semiconductor device having an electrode attaining 

stable ohmic contact with a compound semiconductor without employing a 
low melting point metal such as In and an apparatus for fabricating a 
compound semicon~uctor device. 

The method of fabricating a compound semiconductor device 
20 according to the present invention comprises a substrate cleaning step 

including a first cleaning step of heating a compound semiconductor 
substrate containing a first conductivity type impurity in a temperature 
range of not more than 250°C for etching its surface ~ith hydr<?gen chloride 
and a second cleaning step of performing a radical hydrotreatment on the 

25 compound seniiconductor substrate etched with hydrogen chloride after the 
first cleaning step. 

When etching the surface of the compound semiconductor substrate 
with hydrogen chloride, an: oxide film resulting from atmospheric exposure 
can be removed. In this hydrogen chloride etching, the temperature of the 

30 compound semiconductor substrate must be not more than 250°C, in order 
to prevent damage of an active layer and a cladding layer already formed 
on the oppo~ite surface of the compound semiconductol,' substrate. When 
performing the hydrogen chloride treatment at a temperature of not more 
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than 250°C, the surface of the compound semiconductor substrate adsorbs 
Cl although the oxide film or ·a carbide can be removed from this surface. 
Therefore, the radical hydrotreatment is performed for removing the 
adsorbed Cl. Cl can be removed by the radical hydrotreatment. Radical 

5 hydrogen has high reaction activity, and hence a sufficiently high radical 
hydrogenation reaction rate can be ensured also when setting the 
temperature of the compound semiconductor substrate to not more than 
250°C. A clean surface of a compound semiconductor can ~e obtained also 
at a temperature of not more than 250°C due to the hydrogen chloride 

10 treatment and the radical hydrotreatme~t, so that an epitaxial compound 
semiconductor film can be formed without forming interfacial levels. The 
compound semiconductor substrate includes not only the bare substrate in 
the initial stage of the treatments but also the compound semiconductor 
substrate formed with a thin film such as an optical active layer in the 

15 process of the tre~tments. The present invention is mainly directed to a 
case of_ forming an ohmic electrode layer on the back surface of a compound · 
semiconductor substrate already formed with an optical active layer or the 
like on its surface without damaging the optical active layer or the like. 

The method of fabricating a: compound semiconductor device 
20 according to the present invention can further comprise a compound 

semiconductor film forming step of epitaxially growing a compound 
semiconductor film containing the first conductivity type impurity in a 
higher concentration than the compound semiconductor substrate on the 
compound semiconductor substrate after the cleaning step and a conductive 

25 . electrode film ~orming step of fo~in~ a conductive electrode film on the 
compound semiconductor film. 

When directly forming a conductive electrode layer of a material 
other than In on the compound semiconductor substrate, ohmic contact 
cannot be attained if the compo·und semiconductor substrate has a low 

30 carrier concentration. Therefore, the compound semiconductor film 
containing a conductive impurity in a higher concentration than the 
compound semiconductor substrate is epitaxially grown for forming the 
conductive electrode film on the epitaxial film having a high carrier 
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concentration and ensuring ohmic contact. If merely performing cleaning 

by general etching after exposing the surface of the compound 

semiconductor substrate to the atmosphere, a desired compound 

semiconductor film cannot be obtained due to a large quantity of impurities 

5 remaining on the surface. Therefore, when performing film form.ation at a 

low temperature of not more than 250°C, for example, an epitaxial film 

having a high carrier concentration cannot be obtained with a small 

number of interfacial levels on the surface of the compound semiconductor 

substrate. 
10 If the interface between the compound semiconductor film and the 

conductive electrode film is not clean, large interfacial resistance is formed 

to cause such large potential difference on the interface that ohmic contact 

is not implemented, or voltage applied to the overall LED cannot be 

reduced even if ohmic contact is implemented. According to the . 

15 aforementioned structure of the present invention, a highly clean surface 

can be obtained on the back side of the compound semiconductor substrate 

without damaging an optical active layer or the like already formed on its· 

surface, for readily forming an electrode of ohmic contact thereon. 

An active layer and a cladding layer serving as emission parts are 

20 formed on another surface of an n-type ZnSe substrate. The active layer 

and the cladding layer stably emit blue light, while the ZnSe substrate 

receiving this blue light emits yellow light. Therefore, highly stable. white 

light can be obtained through the low-priced compound semiconductor 

device. According to the present invention, the electrode of ohmic contact 

25 is _provided on the back surface of the aforementioned n-type ZnSe substrate 

for re4ucing a contact potential, thereby enabling reduction of the-number 

of batteries necessary for the backlight of a liquid crystal display unit for a 

portable terminal or the like. 
The aforementioned method of fabricating a compound 

30 semiconductor device according to the present invention can carry oµt 

treatments in the compound semiconductor film forming step and the 

conductive electrode film forming step within such a temperature range 

that the temperature of the compound semiconductor substrate is not more 
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than 250°C. 

Thus, the electrode layer of ohmic contact can be readily formed on· 

the back surface of the compound semiconductor substrate without 

damaging an active layer or the like already formed on the surface of the 

5 compound semiconductor substrate. 

In the aforementioned method of fabricating a compound 

semiconductor device according to the present invention, treatments in the 

substrate cleaning step, the compound semiconductor film forming step and 

the conductive electrode film forming step are preferably continuously 

10 carried out without exposing the compound semiconductor substrate to the 

atmosphere, for example. 

If both of the interface between the compound semiconductor 

substrate and the compound semiconductor film and that between the 

compound semiconductor film and the conductive electrode film are not 

15 cleaned, large interfacial resistance. is for~ed to cause large potential. 

difference on the interfaces.. If the interface between the compound. 

semiconductor substrate and the compound semiconductor film. is exposed 

to the atmosphere, the effects of the hydrogen chloride treatment and the 

radical hydrotreatment are reduced by half. · The interface between the 

20 compound semiconductor film and the conductive electrode film. tends to be 

exposed to the atmosphere. When exposed to the atmosphere, the 

'interface is contaminated with oxides or carbon and hence ohmic contact is 

hard to implement or voltage applied to the overall LED cannot be reduced 

even if ohmic contact is implemented. When the compound semiconductor 

25 .device is used as the backlight ofa liquid crystal display unit for a port~ble 

terminal, therefore, th:e number of necessary batteries cannot be reduced. 

Ohmic contact of low resistance can be implemented by continuously 

forming the compound semiconductor film and the conductive electrode film 

on the clean surface of the substrate and the compound semiconductor film 

30 respectively without atmospheric exposure, as described above. 

In the aforementioned method of fabricating a compound· 

semiconductor device according to the present invention, treatments in the 

substrate cleaning step, the compound semiconductor film forming step and 
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the conductive electrode film forming step are preferably carried out in 

respective treatment chambers of a treatment apparatus having a plurality 

of treatment chambers coupled with each other by an ultrahigh yacuum· 

transfer path respectively without exposing the compound semiconductor 

5 substrate to the atmosphere between the treatments, for example. 

The compound semiconductor substrate can be heated to a 

temperature of not more than 250°C not damaging the optical active layer 

or the like without atmospheric exposure, for obtaining a clean surface in 

an assembly-line manner and forming the electrode film of ohmic contact. 

10 Thus, the electrode film of ohmic contact can be extremely readily formed 

on the back surface of the compound semiconductor substrate, for 

improving the fabrication yield of an LED emitting white ligh~, for example, 

and reducing the fabrication cost. 

In the aforementioned method of fabricating a compound 

15 _semiconductor device according_ to the present invention, the first cleaning 

step can be carried out under conditions of (a) gas components 5 to 20 . · 

volume% ofHCl and a rest of He gas, and (b) gas pressure of 1x10·6 Torr 

to 1 x 10·4 Torr, for·example. 
The surface of the compound semiconductor substrate is positively 

20 etched due to the aforementioned hydrogen chloride cleaning, so that oxides 

are removed. Thus, one condition for epitaxially growing a high­

concentration carrier film is satisfied. In relation to the gas composition 

with the rest of He gas, oxides are insufficiently removed if the content of 

HCl is less than 5 volume%, while the etched surface is not flattened ifthe 

25 content exceeds 20 volume _%. Further, the etching rate is so small that 

etching is practically impossible if the total gas pressure is less than 1 x 10· 

6 Torr in the aforementioned gas composition, while etching is ununiformly 

performed to deteriorate surface flatness if the gas pressure exceeds 1x10·4 

Torr. If the substrate temperature exceeds 250°C, further, the 

30 performance of a portion formed as the active layer etc. of the LED is 

·damaged. 

In the aforementioned method of fabricating a compound 

semiconductor device according to the present invention, hydrogen 
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radicalization in the second cleaning step can be carried out under 
conditions of (a) hydrogen pressure of 5 x 10-7 Torr to 5 x 10-4 Torr, and (b) 

radicalization power of 50 to 300 w, for example. 

Adsorbed Cl can be removed for obtaining a clean surface by the 

5 radical hydrotreatment carried out at a temperature of not more than 
250°C under the aforementioned conditions. 

In the aforementioned method of fabricating a compound 
semiconductor device according to the present invention, the compound 
semiconductor substrate can be an n-type ZnSe substrate containing an n-

10 type impurity of at least 1 x 1017/cma, for example, the compound 
semiconductor film can be an n+-type ZnSe film containing an n-type 
impurity of at least 1x1019/cm.3, and the conductive electrode film can 
include a Ti film in contact with the n+-type ZnSe film and a protective film 

protecting the Ti film. 

15 An active layer and a cladding layer serving as e~issio~ parts are 
formed on the other surface of the n-type Zn~e substrate. The active layer 
etc. stably emit blue light, while the ZnSe substrate receiving this blue 
light emits yellow light. Therefore, highly stable white light can be 

obtained through the low-priced compound semiconductor device. The 
20 electrode of ohmic contact according to the present invention is provided on 

the back surface of the_ aforementioned n-type ZnSe substrate for reducing a 
contact potential, thereby enabling reduction of the number of batteries 
necessary for the backlight of a liquid crystal display unit for a portable 
terminal or the like. Electric resistance can be reduced by setting the n-

25 type impurity concentration in :the n-type ZnSe substrate to at least 1 x 
1017/cma, while ohmic contact can be implemented by setting then-type 
impurity concentration of the n+-type ZnSe film to at least 1x1019/cms. If 

then-type impurity concentration of the n+-type ZnSe film is less than 1 x 
1019/cma, ohmic contact cannot be attained between this film ·and a 

30 conductive layer such as the Ti film but interfacial resistance is 
disadvantageously increased. If the n-type impurity concentration in the 

n-type ZnSe substrate is le~s than 1x1017/cms, electric resistance is 
disadvantageously increased. Such increase of the resistance increases the 
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number of necessary batteries, to increase the weight of and the cost for the 

compound semiconductor device. 

Ti readily implements ohmic contact with respect to the compound 

semiconductor film containing the aforementioned first conductivity type 

5 impurity, such as an n-type impurity, for example, in a high concentration. 

Therefore, the Ti film is formed to implement ohmic contact, and a 

chemically stable Au film, for example, is formed on the active Ti film. 

The apparatus for fabricating a compound semiconductor device 

according to the present invention comprises a gas treatment apparatus 

10 performing gas etching on a compound semiconductor substrate, a radical 

treatment" chamber performing a radical treatment on the compound 

semiconductor substrate, a film formation treatment apparatus forming a 

compound semiconductor film on the compound semiconductor substrate 

and a conductive film forming apparatus forming a conductive film on the 

15 compound. semicond~ctor substrate, and further comprises an ultrahigh 
. . 

vacuum transfer path coupled with the respective ones of the gas treatment 

apparatus, the radical treatment apparatus, the film formation treatment 

apparatus and the conductive film forming apparatus to be capable of 

transferring the compound semiconductor substrate. 

20 It is possible to continuously perform a hydrogen chloride treatment 

and a radical hydrotreatment in an ultrahigh vacuum, reduce interfacial 

resistance and form an epitaxial compound semiconductor film by 

employing the treatment apparatus having the aforementioned structure. 

The ultrahigh vacuum is a vacuum ofless than 10-s Torr. The compound 

25 semiconductor device according to the present invention_ can be fabricated 

only by the fabrication apparatus having the. aforementioned structure. 

In the aforementioned apparatus for fabricating a compound 

semiconductor device according to the present invention, the gas treatment 

apparatus can include a hydrogen chloride treatment apparatus etching the 

30 compound semiconductor substrate with hydrogen chloride, for example. 

Oxygen and carbon adhering to the surface of the compound 

semiconductor substrate can be removed by positively etching the 

compound semiconductor substrate with the hydrogen chloride treatment 
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apparatus connected by the ultrahigh vacuum transfer path, for moving the 

compound semiconductor substrate to a next step in the ultrahigh vacuum. 

In the aforementioned apparatus for fabricating a compound 

semiconductor device according to the present invention, the radical 

5 treatment apparatus can include a radical hydrotreatment apparatus 

performing a radical hydrotreatment on the compound semicenductor 

substrate, for example. 
When performing the hydrogen chloride treatment at a temperature 

of not more than 250°C, Cl is absorbed on the compound semiconductor 

10 substrate to form interfacial levels when the compound semiconductor film 

is formed on the compound semiconductor substrate. Therefore, the 

radical hydrotreatment is carried out after the hydrogen chloride treatment 

while moving the compound semiconductor in the ultrahigh vacuum 

without atmospheric exposure, thereby removing Cl so that a clean surface 

15 appears and an epitaxial film can be formed without interfacial levels. 

The aforementioned apparatus for fabricating a compound · 

semiconductor device according to the present invention can have an MBE 

(molecular beam epitaxial) apparatus serving both as the radical 

hydrotreatment apparatus and the film formation treatment apparatus, for 

20 example, and the MBE apparatus can include a Zn cell, an Se cell, a ZnCb 

. cell, a hydrogen gas supply source and a radicalization gun for performing a 

radical hydrotreatment on the compound semiconductor substrate with the 

hydrogen ga~ supply source and the radicalization gas and forming an n­

type ZnSe :film on the compound semiconductor substrate with the Zn cell, 

25 the Se cell and the ZnCb cell. 
·A highly clean surface of the compound semiconductor substrate can 

be obtained due to the aforementioned structure, so that an ep~taxial n+­

type ZnSe :film having a high carrier concentration can be formed thereon. 

Thus, it is possible to implement ohmic contact with respect to a substrate 

30 whose carrier concentration can be increased to merely the latter half of the 

1011 mark. 

In the aforementioned apparatus for fabricating a com~ound 

semiconductor device according to the present invention, the conductive 

- 9 -



film forming apparatus can form at least one of a Ti film and an Au film on 

the compound semiconductor substrate. 

A back electrode implementing ohmic contact with respect to the · 

compound semiconductor device can :t>e formed due to the aforementioned 

5 structure. 

The foregoing and other objects, features, aspects and advantages of 

the present invention will become more apparent f:rom the following 

detailed description of the present invention when taken in conjunction 

with the accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view schematically showing the structure of a 

compound semiconductor device according to an embodiment of the present. 

invention; 

Fig. 2 schematically illustrates the structure of an apparatus for 

15 fabricating a compound semiconducto;r devic~ in Example 1 of the . 

embodiment of the present invention; 

Fig. 3 is a sectional view showing the outline of a substrate holder for 

forming a back electrode of the compound semiconductor device; 

Fig. 4 is a model diagram showing the state of the surface of an n-

20 type ZnSe substrate subjected to a hydrogen chloride treatment and a 

radical hydrotreatment; 

Fig. 5 is a sectional structure schematicaJly showing a structure for 

measuring the current-voltage characteristic of the back electrode of the 

compound semiconductor device; . 

25 Fig. 6 illustrates the current~voltage characteristic of a back 
.. 

electrode of a ZnSe-based LED according to the present invention; 

Fig. 7 illustrates the current-voltage characteristic of a back 

electrode prepared by forming a Ti film and an Au film without performing 

a radical hydrotreatment; 

30 Fig. 8 illustrates the current-voltage characteristic of a back 

electrode of a ZnSe-based LED according to the present invention; 

Fig. 9 illustrates the current-voltage characteristic of a back 

electrode prepared by forming a Ti film and an Au film with atmospheric 
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exposure after forming an n+ ZnSe film; 

Fig. 10 is a sectional view showing a stage of forming an LED 

epitaxial multilayer film such as an active layer on the surface of an n-type 

ZnSe substrate in a method of fabricating a compound semiconductor device 

5 in Example 2 of the embodiment of the present invention; 

Fig. 11 is a sectional view showing a stage of bonding then-type 

ZnSe substrate of the state shown in Fig. 10 to a glass substrate while 

polishing and etching the back surface; 

Fig. 12 is a sectional view showing a stage of forming an n+ -type 

10 ZnSe epitaxial film on the back surface of the n-type ZnSe substrate in the 

state shown in Fig. 11; and 

Fig. 13 is a sectional view showing a stage of forming a Ti film on the 

n+ -type ZnSe epitaxial film in the state shown in Fig. 13. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 An embodiment of the present invention is now described with 

·reference to the drawings. Referring to Fig. 1, an n-type ZnSe layer 12, an 

n-type ZnMgSSe cladding layer 13, a ZnCdSe active layer 14, a p-type 

ZnMgSSe layer 15, a p-type ZnSe layer 16 and a superlattice layer 17 of a 

ZnSe film and a ZnTe film are formed on an n-type ZnSe substrate 1 

20 successively from below, and an Au film 18 is provided on the superlattice 

layer 17 as an upper electrode. An n+ -type ZnSe film 3 having a high 

carrier concentration is formed on the back surface of the n-type ZnSe 

substrate 1 through an interface ?, in order to implement ohmic contact. A 

Ti film 5, which is a conductive layer, an4 an Au film 6 are further formed 

25 on the n+-type ZnSe film 3 through an interface 4. The Ti film 5 is formed 

·for readily attaining ohmic contact, and the Au film 6 is formed for 

protecting the Ti film 5 readily reacting with the atmosphere. In the 

aforementioned structure, the interfaces 2 and 4 are particularly important. 

According to the present invention,. ohmic contact is attained on these 

30 interfaces 2 and 4, for reducing interfacial resistance. 

(Example 1) 

Example 1 of the aforementioned embodiment of the present 

invention is now described. 
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1. Fabrication of Compound Semiconductor Device 

In the present invention, an apparatus for fabricating a compound 

semiconductor device plays an important role. Fig. 2 schematically shows 

the structure of the inventive apparatus for fabricating a compound . 

5 semiconductor device. When forming thin films on the surface of an n-type 

ZnSe substrate, a series of processes of 1) cleaning the surface of the n-type 

ZnSe substrate, 2) forming an n+ -type ZnSe film having a high carrier 

concentration and 3) forming a conductive layer for an electrode can be 

continuously carried out in an ultrahigh vacuum of less than lO·B Torr. In 

10 a gas treatment apparatus 3, a hydrogen chloride treatment of the ZnSe 

substrate is employed for the surface cleaning process before depositing the 

tin films, for removing oxygen and carbon from the surface of the substrate 

by etching. When performing this hydrogen chloride treatment at a 

temperature of not more than 250°C for protecting an active layer,· Cl 

15 adsorption results on the surface of the compound subst~ate. Therefore, 

the aforementioned apparatus moves the compound semiconductor 

substrate through an ultrahigh vacuum transfer path 31 and introduces the 

same into an MBE (molecular beam epitaxial) apparatus 33, for performing 

a radical hydrotreatment on the surface of the substrate subjected to the 

20 aforementioned hydrogen chloride treatment with a hydrogen supply source 

and a ~adicalization gun. A Cl adsorption layer is removed by this radical 

hydrotreatment. Thereafter an n+ -type ZnSe film having a high carrier 

concentration is formed in the MBE apparatus 33. Then, the substrate is 

moved through the ultrahigh vacuum transfer path 33 as such, for 

25 depositing a Ti layer which is a conductive layer and a protective layer 

· therefor in situ in a deposition apparatus 34. · Functions of the apparatuses 

32, 33 and 34 shown in Fig. 2 are described below. It is important that the 

following apparatuses 32 to 34 are connected with each other through the 

ultrahigh vacuum transfer path 31. 

30 (a) The hydrogen chloride treatment apparatus 32 supplies etching 

gas of 10 volume % of HCl/balance He from a nozzle. 

(b) The MBE apparatus 33 is provided with Zn, Se, ZnCh and H2 

supply sources and the radicalization gun. 
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(c) The deposition apparatus 34 includes Au and Ti sources and a 

mask mechanism for depositing Au and Ti. 

An electrode was formed on an n-type ZnSe substrate 1 having a 

carrier concentration of the latter half of the 1011 mark prepared by CVT 

5 and cleaned with &Cr201/water. As shown in Fig. 3, the n-type ZnSe 

substrate 1 subjected to surface cleaning was placed on an Ar foil member 

22 arranged on a substrate holder 21, and a Ta plate 23 covering its edge 

portion was pressed with screws 24 for mounting the substrate 1. Also 

when preparing an electrode on a device such as an LED, the surface of the 

10 device is protected with an Au foil member due to this holding method. 

The prepared AuJTi/n+-type ZnSe/n-type ZnSe substrate 1 was 

~leaved to not more than 1 mm square, fused to a Cu/W block with In an~ 

annealed in N2 gas at 250°C for 2 minutes, for evaluating the prepared 

electrode. Electric characteristics were measured by current sweeping 

15 with a semiconductor parameter analyzer 4156 by Hewlett-Packard. 

·. · 2. · Hydrogen Chloride Treatment and Radical Hydrotreatment · 

Cleaning of the surface of the substrate is now described in detail. 

The features of hydrogen chloride etching reside in the following three 

points: 

20 (1) The quantity of etching is larger as compared with radical 

hydrogen. 
(2) An extremely smooth surface can be obtained. 

(3) When setting the cleaning temp~rature (~ubstrate temperature) 

to not more than 250°C, however, Cl is remarkably adsorbed on the surface 

25 of the ZnSe substrate. Therefore, hydrogen chloride cleaning is carried out 

30 

under the following conditions: 

(a) gas composition: 10 volume% ofHCl/He balance 

(b) gas pressure: 2 x 10·4 Torr 

(c) treatment temperature (substrate temperature): 250°C 

(d) treatment time: 20 minutes 

With only such a hydrogen chloride treatment, however, no epitaxial film 

can be obtained also when forming an n+-type ZnSe film later. This results 

from the aforementioned highly reactive Cl adsorption on the surface of the 
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n-type ZnSe substrate caused by the hydrogen chloride treatment at a 

temperature of not more than 250°C. In order to eliminate this Cl 

adsorption, a radical hydrotreatment is effective. The radical 

hydrotreatment is carried out under the following conditions, for example: 

5 (e) H2 gas flow rate: 1 seem (standard cubic centimeter/minute) 
(f) H2 pressure: 1.5 x 10·5 Torr 
(g) radical power: 100 W 

(h) radicalization time: 20 minutes 

According to RHEED (reflection high energy electron diffraction) 

10 observation, the surface subjected to hydrogen chloride cleaning was (1 x 1) 

indicating a crystalline surface, while slight change from (1x1) to (2 x 2) 

indicating a clean surface was recognized due to the radical hydrotreatment. 
Table 1 shows results of analysis of AES (auger electron spectroscopy) on 

the surface of the n-type ZnSe substrate after the hydrogen chloride 
15 cleaning and the radical hydrotreatmeilt. 

Table 1 

Zn Se 0 c Cl SE/Zn Surface Ratio 
C Contaminant and 

1) as received 36.6 41.2 3.4 18.5 0.4 1.12 Oxide Present on 
Surface 

2) Hydrogen C Contaminant and 
Chloride 41.4 45.4 0.3 2.2 10.8 1.10 Oxide Reduced, Cl 
Treatment Adsorbed 
3) Radical 

43.7 51.9 0.4 2.2 1.7 1.19 
Adsorbed CI 

Hydrotreatment Reduced 

*measurement error: 2 % 
The aforementioned analysis values ar~ relative values (at.%} with 

. . 

reference to Zn, Se, 0, C and Cl, and the Se/Zn ratios ex.press atom number 

20 ratios of Se and Zn. From the results shown in Table l, a moclel 

illustrated in Fig. 4 can be formed as to the aforementioned cleaning of the 

surface of the ZnSe substrate. 
(1) The surface of the ZnSe substrate is treated with hydrogen 

chloride for removing oxides and contaminants resulting from carbon from 

25 the surface by a thickness of about several nm. 
(2) Thereafter the radical hydrotreatment is performed for removing 
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Cl adsorbed on the surface of the ZnSe substrate over several layers. 

After performing the aforementioned hydrogen chloride cleaning and 

the radical hydrotreatment, an n+ -type ZnSe film was formed and the 

interface between then-type ZnSe substrate and the n+-type ZnSe film was 

5 analyzed by SIMS (secondary ion mass spectrometry). Analysis values of 

impurities were at levels capable of ensuring ohmic contact having 

sufficiently low electric resistance. 

3. Formation of High Carrier Concentration n+ ZnSe Film 

Ann+ ZnSe film is formed on then-type ZnSe substrate subjected to 

10 the aforementioned hydrogen chloride cleaning-radicE\.l hydrotreatment. 

The n+ ZnSe film containing an n-type impurity is formed by MBE by 

simultaneously irradiating the substrate with beams of Zn, Se and ZnCl2. 

The quantity of doping can be adjusted by controlling a cell temperature of 

ZnCb. According to this embodiment, an n+ ZnSe film having a high 

15 ~arrier concentration of the 1019/cms mark can be obtained at a temperature 

of not more than 250°C. · An epitaxial layer having excellent crystallillity 

can be formed by setting the ZnCb cell temperature to about 123°C and 

carrying out film formation at 250°C, also when increasing the carrier 

concentration to 5 x 1019/cms. Excellent ohmic contact can be attained by 

20 forming a Ti film on the epitaxial n+-type ZnSe film, due to the high carrier 

concentration of this film. The thickness of the n+ -type ZnSe film is 

preferably set to about 150 to 250 nm. 

4. Formation of Conductive Layer 

Following the aforementioned film formation, the substrate kept in 

25 the ultrahigh vacuum is moved in the ultrahigh vacuum transfer path to be 

introduced into the deposition apparatus, for forming a Ti film as the 

conductive layer and thereafter forming an Au film as the protective film 

for the Ti film as such. Thus, the substrate can be prevented from 

contamination with oxygen or carbon, dissimilarly to the case of being 

30 exposed to the atmosphere. In other words, the interface 4 shown D:i Fig. 1 

can be cleaned for reducing interfacial resistance. 

5. Current-Voltage Characteristic 

As to a sample shown in Fig. 5 prepared in the aforementioned 
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manner, the current-voltage characteristic was measured over the vertical 

direction with the measuring apparatus described in the above item 1 . 

. Referring to Fig. 5, the sample is mounted on a Cu/W block 11 through an 

In layer 9. The size of the sample is 1 mm square. Figs. 6 and 7 show 

5 influences exerted on the current-voltage characteristic by 

performarice/non-performance of the· radical hydrotreatment after the 

hydrogen chloride cleaning. Both of inventive and comparative samples 

shown in Figs. 6 and 7 were transferred in ultrahigh vacuum transfer paths · 

after formation of n+ ZnSe films without atmospheric exposure, to be 

10 formed with Ti films and Au films. Fig. 6 shows the current-voltage 

characteristic of the inventive sample of a back electrode prepared by 

forming an n+-type ZnSe film with no Cl adsorption layer, and thereafter 

forming a Ti film and an Au film. Fig. 7 shows the result of measurement 

of the comparative sample prepared by carrying out hydrogen chloride 

15 cleaning at 250°C with no radical hydrotreatment, forming an n+-type ZnSe 

film with Cl adsorption, and thereafter forming a Ti film and an Au film. 

As shown in Fig. 6, the inventive sample obtained a substantially linear 

current-voltage characteristic within the sweeping range of -100 mA to 

+100 mA. A voltage generated at 100 mA is 0.21 V. A volta~e drop in the 

20 substrate and a voltage generated in the In electrode 9 can be estimated as 

about 0.05 V and about 0.08 V respectively from another measurement, and 

hence it is estimated that a voltage drop in the electrode of the 

aforementioned Au/Ti/n+_-type Zn~e film is 0.08 V. In the comparative 
sample shown in Fig. 7, on the other hand, Cl adsorbed on the n-type ZnSe 

25 substrate influenced on formation of the n+-type ZnSe film, to result~ 

Schottky contact; 
Figs. 8 and 9 show the current-voltage characteristics.of an electrode 

prepared by forming an n+-type ZnSe film with no Cl adsorption and 

thereafter depositing a Ti film and an Au film in an ultrahigh vacuum as 

30 such and an electrode prepared by forming an n+ -type ZnSe film, thereafter 

exposing the same to the atmosphere and forming a Ti film and an Au film 

respectively. The thicknesses of the Ti and Au films are 50 nm. It is 

understood from Fig. 8 that the electrode prepared by forming the films in 
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situ with no atmospheric exposure exhibits a linear current-voltage 

characteristic, to attain ohmic contact. A voltage drop in the Au/Tifn+-type 

ZnSe film of this electrode was 0.09 V. · In the electrode prepared by 

forming a conductive layer after atmospheric exposure, on the other hand, 

5 the current-voltage characteristic was not linear but Schottky contact 

resulted as shown in Fig. 9. 

As hereinabove described, an electrode of ohmic contact can be 

formed by employing an n-type ZnSe substrate, performing hydrogen 

chloride cleaning-radical hydrotreatment on its surface, forming an n+-type 

10 ZnSe film and thereafter forming a conductive layer without atmospheric 

exposure. The electrode, having extremely low interfacial resistance of not 

more than 0.1 V, can be employed for ~he backlight of a liquid crystal 

display unit of a portable terminal for contributing to reduction of the 

number of batteries. Further, such electrodes can be supplied in a large 

15 quantity at a low cost .without remarkably changing the conventional 

fabrication method. 

(Example 2) 

Example 2 of the embodiment of the present invention is now 

described. Example 2 is basically similar to the methods of fabricating 

20 compound semiconductor devices according. to the aforementioned 

embodiment and Example 1 thereof, except some conditions. 

(1) First, an LED epitaxial film including an emission active layer etc. 

was formed on the surface of an n-type ZnSe substrate, as shown in Fig. 10. 

This epitaxial film is identical to the multilayer film on the surface of then-

25 type ZnSe substrate shown in Fig. 1. 

(2) Then, the n-type ZnSe substrate formed with the LED epitaxial 

film was bonded to a glass substrate with wax 25, as shown in Fig. 11. 

Then, the back surface was back-lapped by a thickness of 250 µm. 

(3) Thereafter etching was performed with a solution of 

30 &Cr01/H2S04, in order to remove distortion introduced by back-lapping 

(Fig. 11). 

(4) In order to form an epitaxial film on the back surface of then-type 

ZnSe substrate, the wax 25 was dissolved with acetone for detaching the 
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ZnSe substrate from the glass substrate. Further, ultrasonic cleaning was 

performed with acetone. 

(5) The ZnSe substrate was mounted on the substrate bolder as 

shown in Fig. 3, in order to form the epitaxial film on the back surface 

5 thereof. A gold foil member was inserted between the n-type substrate 

and the substrate holder, for protecting the LED epitaxial film on the 

surface side and implementing excellent thermal contact. 

(6) Then, the aforementioned n-type ZnSe substrate was mounted on 

the hydrogen chloride treatment apparatus 32 of the treatment apparatus 

10 shown in Fig. 2, and hydrogen chloride etching (first cleaning step) was 

performed on the back surface under the following conditions: 

gas pressure: 2 x 10·4 Torr 

etching time: 20 minutes 

substrate temperature: 225°C 

15 (7) Thereafter the aforementioned n-type ZnSe substrate was moved 

into the MBE apparatus 33 through the ultrahigh vacuum transfer path 31 

in the apparatus shown in Fig. 2. A radical hydrotreatment (second 

cleaning step) was carried out on then-type ZnSe substrate subjected to 

hydrogen chloride etching with the radicalization gun provided in the MBE 

20 apparatus 33. Conditions for the radical bydrotreatment are as follows: 

25 

hydrogen pressure: 1 x 10·5 Torr 

radicalization power: 100 W 

substrate temperature: 225°C 

treatment time: 20 minutes 
(8) Thereafter an n+-type ZnSefilm 3 having a high carrier 

concentration was epitaxially grown in the MBE apparatus 33 with the 

MBE apparatus as shown in Fig. 12. In this film forming step, then-type 

ZnSe substrate cleaned through the aforementioned first and second 

cleaning steps were simultaneously irradiated with beams of Zn, Se and 

30 ZnCb. The conditions for epitaxially growing the n+-type ZnSe film 3 are 

as follows: 
substrate temperature: 220°C 

thickness ofn+-type ZnSe film: 200 nm 
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n-type impurity concentration: 5 x 1019 /cms 

(9) Thereafter the aforementioned n-type ZnSe substrate was 

introduced into the deposition apparatus 34 through the ultrahigh vacuum 

transfer path 31. As shown in Fig. 13, a Ti film 5 was formed on the n+-

5 type ZnSe film by 50 nm. Then, an Au film was deposited on this Ti film 5 

by 50 nm, for obtaining an LED similar to that shown in Fig.· 1. 

(10) When measuring an operating voltage causing light emission in 

the LED fabricated through the aforementioned method, it was possible to 

obtain white light from the LED at a low value of 2.6 V. This is because it 

10 was possible to provide an electrode of ohmic contact having a low contact 

potential on the back surface of then-type ZnSe substrate. 

When applying this LED to the backlight of .a liquid crystal display 

unit of a portable terminal such as a portable telephone, the number of 

necessary batteries can be reduced due to a low operating voltage and hence 

15 the co~merci~l value of the portable t~lephone or the like can be increased. 

The aforementioned method of forming an electrode of ohmic eon tact on the 

back surface of an n-type ZnSe substrate, which is remarkably simple and 

can be readily carried out in the aforementioned fabrication apparatus, is 

suitable for mass production. Therefore, the compound semiconductor 

20 device can be fabricated in high efficiency with a high yield, to contribute to 

introduction of a low-priced LED having high performance into the market. 

Although the present invention has been described and illustrated in 

detail, it is clearly understood that the same is by way of illustration and 

example only and is not to be taken by way of limitation, the spirit and 

25 scope of the present invention being limited only by the terms of the 

appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of fabricating a compound semiconductor device 

comprising a substrate cleaning step including: 

. a first cleaning step of heating a compound semiconductor substrate 

(1) containing a· first conductivity type impurity in a temperature range ~f 

5 not more than 250°C for etching its surface with hydrogen chloride; and 

a second cleaning step of performing a radical hydrotreatment on 

said compound semiconductor substrate (1) etched with hydrogen chloride 

after said first cleaning step. 

2. The method of fabricating a compound semiconductor device 

according to claim 1, further comprising: 

a compound semiconductor film forming step of epitaxially growing a 

compound semiconductor film (3) .containing said first conductivity type 

5 impurity in a higher concentrati~n than said compound semiconductor 

substrate on said compound semiconductor substrate (1) after said 

substrate cleaning step, and 

a conductive electrode film forming step of forming a conductive 

electrode film (5, 6) on said compound semiconductor film. 

3. The method of fabricating a compound semiconductor device 

according to claim 2, carrying out treatments in said second cleaning step, 

said compound semiconductor film forming step and said conductive 

electrode film forming step within such a temperature range .that the 

5 temperature of said compound semiconduc~r sl,lbstrate is not more than · 

250°C. 

4. The method of fabricating a compound semiconductor device 

according to claim 2, wherein treatments in said substrate cleaning step, 

said compound semiconductor film forming step and said conductive 

electrode film forming step are continuously carried out without exposing 

5 said compound semiconductor substrate to the atmosphere. · 
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5. The method of fabricating a compound semiconductor device 

according to claim 2, wherein treatments in said substrate cleaning step, 

said compound semiconductor film forming step and said conductive 
electrode film forming step are carried out in respective treatment 

5 chambers of a treatment apparatus having a plurality of treatment 

chambers (32, 33, 34) coupled with each other by an ultrahigh vacuum 

transfer path (31) respectively without exposing s.aid compound 
semiconductor substrate to the atmosphere between said treatments. 

6. The method of fabricating a compound semiconductor device 
according to claim 1, wherein said first cleaning step is carried out under 

conditions of (a) gas components of 5 to 20 volume % of HCl and a rest of He 
gas, and (b) gas pressure of 1 x 10-6 Torr to 1 x 10-4 Torr. 

· 7. The method of fabricating a compound semiconductor device 
according to clainl 1, wherein said radical hydrotreatment in said second 
cleaning step is carried out under conditions of (a) hydrogen pressure of 5 x 

10-7 Torr to 5 x 10-4 Torr, and (b) radicalization power of 50 to 300 W. 

8. The method of fabricating a compound semiconductor device 
according to claim 2, wherein said compound semiconductor substrate (1) is 

an n-type ZnSe substrate containing an n-type impurity of at least 1 x 
1017/cms, said compound semiconductor film (3) is an n+"'.type ZnS~ film 

5 containing an n-type impurity of at l~ast 1 x 1019/cms, and said conductive 

electrode film has a Ti film (5) in contact with said n+-type ZnSe film and a 
protective film (61) protecting said Ti film. 

9. An apparatus for fabricating a compound semiconductor device, 

~mprising: 

· a gas treatment apparatus (32) performing gas etching on a 

compound semiconductor substrate (l}; 

5 a radical treatment apparatus (33} performing a radical treatment on 

said compound semiconductor substrate; 
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a film formation treatment apparatus (33) forming a compound 
semiconductor film on said· compound semic~n~uctor substrate; and 

a conductive film forming apparatus (34) forming a ·conductive film 
10 on said compound semiconductor substrate, 

said apparatus for fabricating compound semiconductor device 
further comprising an ultrahigh vacuum transfer path (31) coupled with the 
respective ones of said gas treatment ·apparatus, said radical treatment 
apparatus, said film formation treatment apparatus and said conductive 

15 film forming apparatus to be capable of transferring said compound 
semiconductor substrate. 

10. The apparatus for fabricating a compound semiconductor device 
according to claim 9, wherein said gas treatment apparatus includes a 
hydrogen chloride treatment apparatus (32) etching said compound 
semiconductor substrate with hydrogen chloride. 

11. The apparatus for fabricating a compound semiconductor device 
according to claim 9, wherein said radical treatment apparatus includes a 
radical hydrotreatment apparatus (34) performing a radical 
hydrotreatment on said compound semiconductor substrate. 

· 12. The apparatus for fabncating a compound semiconductor device 
according to claim 9, having_ an MBE (mole~ular bea~ epitaxial) apparatus 
(33) serving both as said radical hydrotreatment apparatus and said film 
formation treatment apparatus, wherein said MBE apparatus includes a Zn 

5 cell, an Se cell, a ZnCb cell, a hydrogen gas supply source and a 
radicalization gun for performing a radical hydrotreatment on said 
compound semiconductor substrate with said hydrogen gas supply source 
and said radicalization gas and forming an n-type ZnSe film on said 
compound semiconductor substrate with said Zn cell, said Se cell and said 

10 ZnCb cell. 

13. The apparatus for fabricating a compound semiconductor device· 
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according to claim 9, wherein said conductive film forming apparatus (34) 

forms at least one of a Ti film (5) and an Au film .(6) on said compound 

semiconductor substrate. 
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