I Q 7t ?4A || ELECTRODE I\/ATER&% [E@&‘f
COMPOUND SEM CONDUCTOR BACKGROUND OF THE I NVENTION Field of the

| nventi on The present invention relates to an el ectrode naterighgiagnd
an el ectrode of a p-type Goup Ill-V cogpound sem conductor used fof, an,
uttraviolet light- or blue light-emtting diode, a |aser diode or ﬁ%ﬁn{ﬂd)

like. More particularly, it relates to an electrode material and an
el ectrode, capabl e of-obtaining an ohm c contact. Description of the
Rel ated Art As a material of Iight-em’tting devi ces such as
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a nitride conpound sem conductor represented by

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an electrode material
and an electrode of a p-type Group III-V compound
semiconductor used for an ultraviolet light-~ or blue
light-emitting diode, a laser diode or the like. More
particularly, it relates to an electrode material and an
electrode, capable of .obtaining an ohmic contact.
Description of the Related Art

As a material of light-emitting devices such as
ultraviolet light- or blue light-emitting diode, laser diode h
or the like, a nitride compound semiconductor represented by
the general formula In,GaAl,N (provided that x +y +z =1,
0<x=<1,0=Sy =1, and 0 £ z £ 1) has been known.
Electrodes having good current injection characteristics for
bringing into contact with either p-type or n-type layers are
essential for.producing the light-emitting device.

As an electrode material for n-type compound
semiconductor, Al and a Ti-Al alloy have hitherto been known
as a good electrode material.

As an electrode material for p-type Group III-V compound
semiconductor, Au, a Ni-Au alloy, a Mg-Au alloy and a Zn-

Au alloy have been known. However, a contact resistance is
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t'he general formula InGaj Al 2N (provided that x +y +z =1, 0 _ x <1, 0<
y.< 1, and 0 < z < 1) has been known. Electrodes having good current

i njection characteristics for bringing into contact with either p-type or
n-type layers are essential for producpng the light-emtting device.

As an electrode material for n-type conmpound sem conductor, Al and a Ti-Al
all oy have hitherto been known as a good el ectrode naterial . As an
el ectrode material for p- type Goup II1-V conpound sem conduct or,
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increasing a driving voltage of a light-emitting device.
Particularly, in a semiconductor laser into which a large
current is injected, there was a problem that the driving
voltage becomes very larger because of a large contact
resistance.
SUMMARY OF THE INVENTION

An object of the present invention is to provide an
electrode material for Group III-V compound semiconductor for
doped with a p-type impurity, capable of obtaining a good ohmic
contact, and an electrode using the same, thereby making it
possible to reduce a driving voltage of a device using the
compound semiconductor.

The present inventors have intensively studied in the
light of these problems. As a result, it has been found that
a laminated structure or an alloy of a specific metal exhibits
good current injection characteristics to the p-type Group
I11-V compound semiconductor. Thus, the present invention
has been accomplished.

That is, the present invention relates to [1] an
electrode material for Group III-V compound semiconductor
represented by the general formula InGa,Al,N (provided that
Xx+y+2z2=1,0=x=<1,0Sy=1,and 0 £ z £ 1) doped

with a p-type impurity, said electrode material being a metal



Particularly, in a seniconductor |aser into which a large current is
I njected, there was a problemthat the driving voltage becones very | arger

because of a |arge contact resistance. SUMVARY OF THE | NVENTI ON An
obj ect of the present invention is to pBovide an electrode material for
G oup I11-V conpound sem conductor for doped with a p-type inpurity,

capabl e of obtaining a good ohmc contact, and an el ectrode using the
sanme, thereby naking it possible to reduce a driving voltage of a device
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the weight of the whole electrode material.
The present invention also relates to [2] an electrode
for Group III-V compound semiconductor represented by the
general formula InGaAl,N (provided that x +y +z =1, 0 =
x =1, 0=y =1, and 0 £ z £ 1) doped with a p-type
impurity, said electrode being formed on said compound
semiconductor using the electrode material of the term [1].
BRIEF DESCRIPTION OF THE DRAWING
Figufe 1 is a schematic cross section illustrating the
embodiment of the electrode wherein other electrodes are
laminated on the electrode of the present invention.
Figure 2 is a schematic diagram illustrating the
electrode pattern produced in Example 1.
Figure 3 is a graph illustrating a relation between the
annealing temperature and the current of the electrodes of
Example 1 and Comparative Example 1.
The denotations used in the figures are as follows.
l: p-type Group III-V compound semiconductor
2: First electrode of electrode material of the present
invention

3: Second electrode

4: Electrode terminal



el ectrode material for Goup I11-V conpound seni conductor represented by

the general fornula |InGayAl 2N (provided that x +y +z =1, 0 <x <1, 0 _

y 1, and 0 <z _ 1) doped wth a p-type inpurity, said el ectrode
material being a netal 4 3 conpri sing
at least Ca and a noble netal, wherein the total anount of the weight of
Ca and the noble netal is not less than 50% by wei ght and not nore than
100% by wei ght based on the weight of the whole el ectrode nmateri al .

The present i nvengi:orbfééprcgdaé q,{oq‘(sj_c{)e%o[sﬁ_]te%ngg%ct rode for Goup Ill-V
nte the

conpound sem conduct or represe geéneral formula In.Ga Al.N
(provided that x +y +z =1, 0 _ x<1, 0 y <1, and 0 <z < 1) doped
with a p-type inpurity, said electrode being formed on said conpound

sem conduct Opp4airRgp! BRseREETTON CofBhsE | Alviliridip term[1].

The present invention will be described in detail,
hereinafter.

The Group III-V compound semiconductor in the present
invention is a Group II1I-V compound semiconductor represented
by the general formula InGaAl,N (provided that x + y + z =
1, 0=x=1, 0=y =1,and 0 Sz = 1).

Examples of a p~type dopant of the compound semiconductor
in the present invention include Mg, Zn, Cd, Be, Ca and Hqg.
Among them, Ca and Zn are preferred.

The electrode material for p-type compound
semiconductor of the present invention comprises at least Ca
and a noble metal. Ca is an electrode material which is
effective to improve current injection characteristics.
When using Ca alone as the electrode, the electrode is liable
to be oxidized and the reliability of the electrode is
sometimes lowered. However, the oxidization can be
prevented by laminating with the noble metal or alloying with
the noble metal, thereby enhancing the reliability of the
electrode.

In the electrode material of the present invention,

examples of the metal comprising at least Ca and a noble metal

include a metal of a laminated structure comprising at least



BRI EF DESCRI PTI ON OF THE DRAW NG Figure 1 is a schematic cross
section illustrating the enbodinent of . the el ectrode wherein other

el ectrodes are lamnated on the el ectrode of the present invention.
Figure 2 is a schematic diagramillustraing the electrode pattern
produced in Exanple 1. Figure 3 is a graph illustrating a relation
between the annealing tenperature and the current of the el ectrodes of
Exanpl e 1 and Conparative Exanpl e 1. The denotations used in the

figures are gsy 585&0&(3? rode n%éyp I | Ime\éacl(r)frrg%%ngn gﬁllgg}nduct og:

2: First electro erla resent nventi on

Second el ect ade rijsing 4t FbESET oL ﬁc?rénrpo%le metal.

Examples of the noble metal include Au, Pt, Ag, Ru, Rh,
Pd, Os and Ir. Among them, Au and Pt are preferred, and Au
is more preferred.

In case of the electrode material of a laminated
structure comprising at least layers of Ca and a noble metal
in the present invention, it is preferred that Ca is in contact
with the p-type Group ITI-V compound semiconductor, directly.
when Ca is not in contact with the p-type compound
semiconductor, directly, the effect of the present invention
"is not obtained, therefore, it is not preferred.

As a method of producing the electrode material of an
alloy comprising at least Ca and a noble metal in the present
invention, there is a method of heat-treating a laminated
structure comprising at least layers of Ca and a noble metal
in an inert gas atmosphere or a method of vacuum-deposition
of Ca and a noble metal, simultaneously.

A preferable Ca concentration of the electrode material
comprising at least Ca and a noble metal of the present
invention is not less than 0.01% by weight and not more than
30% by weight, based on the total weight of Ca and the noble
metal. When the Ca concentration is out of the above range,
the effect of the present invention is not obtained.

Therefore, it is not preferred.



4 5: El ectrode non-deposited part DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The present invention will be described in detail,

her ei nafter. The Goup Il1-V conmpound sem conductor in the present
invention is a Goup II1-V conpound semgconduct or represented by the
general formula In.GAl .N (provided that x +y +z = 1, 0 <x <1 0<y
<1, and 0 <z < 1). Exanpl es of a p-type dopant of the conpound
sem conductor in the present invention include My, Zn, Cd, Be, Ca and Hg.

Among them Ca angnzehéreg.éytq:fo%%; ﬁgﬁgr%al conlt {5 f# Iré\gdfegr&t. &d ahd &

p-type conpound Sem conduct or resent: invention conprises at |east

iCa and a nobyl.e)XEial 1 R thd seén%cféxp&?t{%{fﬁélef‘f@.bﬁ £ egﬁfegghitve to

nprove current injection characteristics. en using al one as the

el ectrode, tReh?3bH0GEen e EifPhEr enhanced by adding a specific third
metallic material, in addition to Ca and the noble metal,
sometimes. Examples of the third metallic material include
Mg, Zn, Ni and the like.

A weight ratio of the third electrode material to the
whole electrode material is preferably not less than 0% by
weight and less than 50% by weight. When the weight ratio
is not less than 50% by weight, the reliability of the
electrode is lowered. Therefore, it is not preferred.

It is possible to improve current injection
characteristics by forming the electrode material of the
present invention on the p-type Group III-V compound
semiconductor, followed by an annealing treatment.

As an atmosphere for annealing, there can be used an inert
gas such as sufficiently purified nitrogen or argon. The
annealing temperature is preferably not less than 200°C and
not more than 1100°C, more preferably not less than 300°C and
not more than 1000°C. When the annealing temperature is too
low, sufficient current injection characteristics are not
obtained. On the other hand, when the annealing temperature
is too high, denaturalization of the material copnstituting
the device or electrode material occurs to cause

deterioration of characteristics, sometimes. Therefore, it



to be oxidized and the reliability of the electrode is sonetines |owered.
However, the oxidization can be prevented by lamnating with the noble
nmetal or alloying with the noble nmetal, thereby enhancing the reliability
of the el ectrode. In the electrode material of the present

I nvention, exanples of the nmetal conprising at |east Ca and a nobl e netal
I nclude a netal of a |am nated structure conprising at |east

5 a layer of Ca and a Iayer of a noble netal, and an alloy conprising
at |least Ca and nd nob%g Exanpl es of the noble netal include Au,
Pt, Ag, Ru, Bf, BOpgPL 558 Anong them Au and Pt are preferred, and Au

's more pref erredThe preferable annealing time varies depending on the

annealing temperature, but is not less than 1 second and not
more than 2 hours, more preferably not less than 2 seconds
and not more than 30 minutes. When the annealing time is too
short, the sufficient effect in not be obtained. On theother
hand, when it is too long, denaturalization of the device
constituting material occurs to cause deterioration of device
characteristics and decrease in productivity. Therefore, it
is not preferred.

The preferable range of a film thickness of the electrode
of the present invention is not less than 50 angstroms and
not more than 50 4 m. When the film thickness is smaller than
50 angstroms, a sufficient conductivity is not exhibited,
sometimes. Therefore, it is not preferred. On theother hand,
when it is larger than 50 4 m, it requires a longer time to
form. Therefore, it is not preferred.

In the electrode used for the light-emitting device such
as LED, etc., light emitted from the device can be penetrated
though the electrode to take out to the exterior by imparting
light transmission properties to the electrode. Therefore,
the efficiency of the light-emitting device can be enhanced.
In order to impart the light transmission properties to the
electrode, it is required to make the film thickness of the

electrode thinner. The preferable film thickness in case of



I'n case of the electrode nmaterial of a |am nated structure conprising at

| east layers of Ca and a noble netal in the present invention, it is
preferred that Ca is in contact with the p-type Goup IIl-V conpound

sem conductor, directly. when Ca is notgin contact with the p-type _
conpound sem conductor, directly, the effect of the present invention is
not obtained, therefore, it is not preferred. As a method of
producing the el ectrode material of an alloy conprising at |east Ca and a
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i nvention i scBREuEPIA £§%s not exhibited, sometimes. Therefore, it is
not preferred. On the other hand, when it is larger than 2000
angstroms, sufficient light transmission properties are not
obtained. Therefore, it is not preferred. The light
transmission properties are further improved, sometimes, by
annealing a light-transmitting electrode in an inert
atmosphere.

It is possible to increase characteristics such as
mechanical strength, etc. by further laminating the other
metal on the electrode of the present invention in contact
with the compound semiconductor within the range where the
object of the present invention is not damaged. Specific
examples include those wherein the second electrode 3 is in
contact with the surface of the first electrode 2 formed of
the electrode material of the present invention on the
compound semiconductor 1 and the surface of the compound
semiconductor. Examples of the metal used for the second
electrode include Al, Ti or Cr. Among them, Al is
particularly preferred because of excellent adhesion

properties. It is preferred to join an electrode terminal

to the metal of the second electrode.



Therefore, it is not preferred. In the electrode materi al
conprising at least Ca and a noble netal of the present invention, the
effect of the present invention can be further enhanced by adding a

specific third netallic material, in a@dition to Ca and the noble netal,
sonetinmes. Exanples of the third netallic material include M, Zn, N and
the like. A weight ratio of the third electrode naterial to the

whol e el ectrode material is preferably not | ess than 0% by weight and |ess
t han 50% by (itgs When the weight ratio is not |ess than 50% by wei ght,
the reliability of the electrode is |Iowered. Therefore, it is not
preferred. PHe 1£51A0%31hG! Bxifipl O AV Y 191hskPate! tRA present

invention in detail but are not to be construed to limit the
scope thereof.
Example 1

GaN doped with Mg by a normal-pressure MOCVD method was
grown on a sapphire surface substrate. After growing, a
sample was subjected to an annealing treatment in nitrogen
at 800°C for 20 minutes. GaN doped with Mg thus obtained
showed a p-type conductivity and an acceptor concentration
was about 1 x 10 cm™.

Then, Ca and Au were vacuum-deposited in this order on
the resulting p-type GaN film according to a pattern shown
in Fig. 2 to obtain an electrode. The thickness of Ca and
Au was adjusted so that the total thickness becomes 1500
angstroms and the weight of Ca becomes 0.3% by weight of the
total weight. Regarding the electrode thus produced, it is
a forward direction in case that a circular electrode on the
inside of the pattern of Fig. 2 becomes positive.

A relation between the annealing temperature of the
electrode of the present invention and the current, which
flows when applying 4 V in the forward direction, is shown
inFig. 3. Annealingwas conducted innitrogen for 90 seconds.
It was found that this Example shows good current injection

characteristics when the annealing temperature is not more



characteristics by formng the electrode material of the present invention
on the p-type Goup |Il-V conpound sem conductor, followed by an annealing
treat ment. As an atnosphere for annealing, there can be used an inert
gas such as sufficiently purified nitrogen or argon. The annealing
tenperature is preferably not |ess than 2000C and not nore than 1100C,
nore preferably not | ess than 300TC and not nore than 10000C. Wen the
anneal ing tenperature is too |low, sufficient current injection

characteristj.cs A0t __obt ained. t her, hand, when.the aling
t enper at ure AR {q%og) irgRT %ﬁaﬁ?ﬁsaﬁ%‘aﬁ B@rqo(gfarﬁé’o#a?‘}?ﬁealthél}ng??Jttgti ng
t he device or_el ect roder%(rsaat er.ial, occurs to cause deterioration of

characteri st |%’§9aré%tf’rle‘ﬁ mp}ﬁetlef ore, it

! I's not pref el(crceodrding to the same manner as that described in
Examples 1 except for laminating Ni and Au in order as a
conventional electrode material in place of laminating Ca and
Au, an electrode was produced. The thickness of Ca and Au
was adjusted so that the total thickness becomes 1500
angstroms and the weight of Ni becomes 1% by weight of the
total weight.

A relation between the annealing temperature of the
electrode of this Comparative Example and the current, which
flows when applying 4 V in the forward direction, is shown
inFig. 3. Annealingwas conducted innitrogen for 90 seconds.
Current injection characteristics did not change largely when
the annealing temperature was less than 500°C. When it was
not less than 600°C, the current became lowered. The current

was lower than that of Example 1, except that at 600°C.

The electrode obtained by using the electrode material
of the present invention shows a small contact resistance to
a p-type nitride Group III-V compound semiconductor.
Therefore, when using the electrode which is superior in
current injection characteristics, there can be produced a
light-emitting device such as LED, laser diode, etc. and is

capable of driving at low voltage. Accordingly, the present



The preferable annealing tinme varies depending on the annealing
tenperature, but is not less than 1 second and not nore than 2 hours, nore
preferably not |ess than 2 seconds and not nore than 30 minutes. Wen the
annealing tine is too short,thesufficient effect in not be obtained. On

t heother hand, when it is too long, denaturalization of the device
constituting material occurs to cause deterioration of device
characteristics and decrease in product|V|ty Ther ef or e, i s not
preferred ef er abl fﬁg m t hi eﬁs 0 ? | ectrode
of the pr esen*nver{bte]hcfrp&ﬁ F%gﬂﬁfl?%@gﬁ ﬁm5b" %%’f Veagl%c? ft 80? sct han
50 U m Wen égg% |In1th|ckness is smaller than 50 angstrons, a suff|C|ent
conductivity ot exhibited, sonetines. Therefore, it is not preferred.
On the other hand, when it is larger than 50 Um it requires a |onger
time to form Therefore, it is not preferred. In the el ectrode used
for the light-emtting device such as LED, etc., light emtted fromthe
device can be penetrated though the electrode to take out to the exterior

by inparting



I'i ght transm ssion properties to the electrode. Therefore, the efficiency

of the light-emtting device can be enhanced. In order to inpart the |ight

transm ssion properties to the electrode, it is required to nake the film

t hi ckness of the electrode thinner. Thezpreferable filmthickness in case

of 8 I mparting the |ight

transm ssion properties to the electrode material of the present invention
is not less than 50 angstronms and not nore than 2000 angstrons. Wen the

t hi ckness of §h§i eIe rod% |s small er than 50 angstrons, a sufficient
conductivity TS hot> %%d®*sometines. Therefore, it is not preferred.
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The Tight semiconductor represented by the general formula In,GaAl,N
(provided that x +y+2 =1, 0 S xS$1, 0=y =<1, and 0
< z £ 1) doped with a p-type impurity, said electrode
material being ametal comprising at least Ca and a noblemetal,
wherein the total amount of the weight of Ca and the noble
metal is not less than 50% by weight and not more than 100%
by weight based on the weight of the whole electrode material.
2. An electrode for Group III-V compound semiconductor
represented by the general formula InGaAl,N (provided that
x+y+2z=1,0=2x=21,0=5y=1,and 0 £ z £ 1) doped
with a p-type impurity, said electrode being formed on said

compound semiconductor using the electrode material of claim

1.
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transm ssion properties are further inproved, sonetines, by annealing a
light-transmtting electrode in an inert atnosphere. It is possible
to increase characteristics such as nechanical strength, etc. by further

| am nating the other netal on the el ectiBode of the present invention in
contact wth the conmpound sem conductor within the range where the object
of the present invention is not danmaged. Specific exanples include those
wherein the second electrode 3 is in contact with the surface of the first

el ectrode 2 fgrimd, I§¥§ terial of the present invention on
dggen1ég%dﬂ%3§?§ aﬁ%‘t RES

the conpoun € surface of the conpound

sem conduct or. EXNE?..LE%?RBB&T ﬁﬁggﬁgﬁk yaﬁdcé%o%%fwnﬁﬁ rode i nclude

A, Ti or Cr. Anmong m artrcul ar ecause of
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compound semiconductor represented by the general formula
InGaAlN (provided that x +y +z=1,0=x 51,0 =y =
1, and 0 £ z £ 1) doped with a p~-type impurity, capable of
obtaining a good ohmic contact, and an electrode using the
same, thereby making it possible to reduce a driving voltage
of a device using the compound semiconductor.

The electrode material is a metal comprising at least
Ca and a noble metal, wherein the total amount of the weight
of Ca and the noble metal is not less than 50% by weight and
not more than 100% by weight based on the weight of the whole

electrode material.

This Sheet Has Been Replaced
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9 EXAMPLES The followi ng Exanples further illustrate the present
invention in detail but are not to be construed to limt the scope
thereof. Exanple 1 GaN doped with My by a normal - pressure MOCVD

met hod was grown on a sapphire surface substrate. After growing, a sanple
was subjected to an annealing treatnent 4in nitrogen at 800TC for 20

m nutes. GaN doped with My thus obtainea showed a p-type conductivity and
an acceptor concentration was about 1 x 10"9 cm 3. Then, Ca and Au
were vacuumdeposited in this order on the resulting p-type GaN film
according to a pattern shown in Fig. 2 to obtain an el ectrode. The

t hi ckness of Ca and Au was adjusted so that the total thickness becones
1500

Figure 1




angstrons and the wei ght of Ca becones 0.3% by weight of the total weight.
Regarding the el ectrode thus produced, it is a forward direction in case
that a circular electrode on the inside of the pattern of Fig. 2 becones
positive. A rel ation between the annealing tenperature of the

el ectrode of the present invention and tthe current, which flows when
applying 4 Vin the forward direction, is showmmn in Fig. 3. Annealing was
conducted in nitrogen for 90 seconds. It was found that this Exanpl e shows
good current injection characteristics when the annealing tenperature is
not nore 10 t han 500TC, or not |ess
than 700TC and not nore than 9000C. Conparative Exanple 1 Accor di ng
to the same manner agﬁkgﬁgzdescribed in Exanples 1 except for |am nating
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conventional electrode material in place of lamnating Ca and Au, an

el ectrode was produced. The thickness of Ca and Au was adjusted so that

the total thickness becomes 1500 angstroms and the wei ght of N beconmes 1%
by weight of the total weight. A rel ati on between the annealing
tenperature of the electrode of this Gpnparative Exanple and the current,
which flows when applying 4 Vin the forward direction, is shown in Fig.
3. Annealing was conducted in nitrogen for 90 seconds. Current injection
characteristics did not change | argely when the annealing tenperature was

| ess than 5000C. When it was not |ess than 600TC, the current becane

| onered. The current was |ower than that of Exanple 1, except that at

600TC. The electrod obtal§ed by using the el ectrode material of
the present invention shows 4W®al$ contact resistance to a p-type nitride
G oup I11-V conpound sem conductor. Therefore, when using the el ectrode
whi ch is superior in
CaAu
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current injection characteristics, there can be produced a light-emtting
devi ce such as LED, |aser diode, etc. and is capable of driving at |ow

vol tage. Accordingly, the present 11
invention is significant and an industrial valSubstitaeeabket s 17gded 1997
Substitute sheet - 13 January 1999

-12- d ai ns: 1. An el ectrode material for Goup Il1-V conpound
sem conductor represented by the general formula In[err]Ga[err]Al[err]N

(provided {hasshahoh bet rge prlekSsphe Lerr] b O Lerr) v [err] 4 and 0
Dol 00 S et eoTPELELRRRRE Sty £ AL et 1 e
Provided are an electrode material for Group III-V
compound semiconductor represented by the general formula
In,Ga,Al N (provided that x +y +2=1,0=Xx=1,0S5y S
1, and 0 £ z £ 1) doped with a p-type impurity, capable of
obtaining a good ohmic contact, and an electrode using the
same, t'hereby‘ making it possible to reduce a driving voltage
of a device using the compound semiconductor.
The electrode material is a metal comprising at least
Ca and a noble metal, wherein the total amount of the weight
of Ca and the noble metal is not less than 50% by weight and
not more than 100% by weight based on the weight of the whole

electrode material.

(Figure 3) REP LACEMENT SHEET
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'I ess than 50% by wei ght and not nore than 100% by wei ght based on the

wei ght of the whole el ectrode material . 10 2 An el ectrode materi al
as claimed in claim1, wherein the proportion of Ca in the el ectrode
material is not less than 0.01% by wei ght amﬂstiuttersbueett-H&Jé}Q%WWMght,
based *on the total weight of Ca and the noble

el ectrode for Goup Il1-V conpound sem conduct or mgﬁ% gener al
15 fornula In[err]Ga[err]Al[err] N (prd¥ided t hat ' 1, Q [lerr] x
[err] 1, O [err] y [err] 1, and O [err] z [err] 1 1&09@@ 1988 h ja {p- t ype
irrpurity, sai d el ectrode bei ng fornmed on said conpound sem condugt gr
using the €lawsrode material of claim1l or 2. I An el ectrqgde as

claimed in claim3, wherein the el ectrode has a | am' nated structurg 20
conprising at |east layers of Ca and the noble net

the ptyper © Broneceoy SRl for HREPTNLY Lotfpdees &@@&%ﬁ%@ byt
el ectrode gmecdlafomaa NG A8 N"providédahatin+H e glL¢f 0 edes hae s':ly thi Odﬁaeﬁ§ z0f

not | ess than 50 angstrons and not nore than 50 [err
el ectr odé &sl) dopedhwith p m—t&pﬁmmty dﬂrm@mode matenghbew mem gompmmg ammneu n

H;? e th an (968 ge E'l?s t héq; 1o 2t of &2 w wcxg A orCa 200RE 308 i 'S
Substi t ut ejgbgh 50 %1% Qﬁ&t% n&ﬁﬁ&c than 100% by weight based on the weight of the whole
electrode material.

10 2. An elecirode material as claimed in claim 1, wherein the proportion of Ca in the
electrode material is not less than 0.01% by weight and not more than 30% by weight, based
on the total weight of Ca and the noble metal.

3. An electrode for Group ITI-V compound semiconductor represented by the general

15 formula In,Ga ALN (provided that x + y + z = 1, 0<sx<1,0sy=<1l,and0sz< 1)
doped with a p-type impurity, said electrode being formed on said compound semiconductor
using the electrode material of claim 1 or 2.

4, An electrode as claimed in claim 3, wherein the electrode has 2 laminated structure

20 comprising at least layers of Ca and the noble metal.

5. An electrode as claimed in claim 4, wherein the Ca layer is in contact with the p-type

Group III-V compound semiconductor directly.

25 6. An electrode as claimed in claim 3, wherein the electrode has a thickness of not less
than 50 angstroms and not more than 50 pm.

7. An electrode as claimed in claim 3 for use in a light-emiting device wherein the
electrode has a thickness of not less than 50 angstroms and not more than 2000 angstroms.
30 ————————
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-12A - 8. A nmethod of form ng an el ectrode for Goup Il1-V conpound
sem conduct or represented by the general fornula In[err]Ga[err]Al[err]N
(provided that x +y +z =1, 0 [err] x [err] 1, O [err] y [err] 1, and
O [err] z [err] 1) doped with a p-type i npuSubgtitutaisteet edtd dalmudrgi 1RPO
formed on-said conpound sem conductor using the el ectrode material of
claiml-or 2, wherein layers of at 5 least Ca and the noble netal are

f or med ‘on the semiconductor to create alP&minated structure. 9. A
met hod as clainmed in claim8, including annealing the electrode structure
in an inert gas at nosphere. 10 10. A nmethod as clainmed in claim9,
wher-ei n t hg. anngahiefithd fMfBrmihpr £ eRcti@de F6SGrépMI-V cARipbend lsémroaduRRt

nmor e’ t han 1100[err£C. 11. A nethod as claimed in claim10, wherein

t he anneal repgesewiag by shagesetat foromla logEa AhN(providedahatra +@ anzl =nds 0 wor ¢ 1t Ban
1000{err] C. 15 . thod.as clained i.n an ne of clajns to 11,
wherei n 1 18 BArkeaINGs 24 Japen gt p-ndedpnit, S ebies baied Fasmedgnaaichan
30 minutes : ) :

compound s orRoms! micorty bl e B ol BB RaRORTAE TG 2 fnéref Hydd bt

| n[ err] G3[ teast @d dmedrthé holo el aedoiniedtonthe samidoriductodto Redted laninatédstidetute, O
[err] y [err] 1, and O [err] z [err] 1) doped with a p-type inpurity, said

el ectrode being forned on said conmpound sem conductor using the

el ectrode gateri,al _of .clagi.m1.or .2 ci.ncludi ng vacyum deposi ti.on of Ca

2nd the nobre. némeeed i e st Eri 8 ihedfe Ml Hertomde SEOSure o oo fert
gas atmosphere.

10 10. A method as claimed in claim 9, wherein the annealing temperature is not less than
200°C and not more than 1100°C.

11. A method as claimed in claim 10, wherein the annealing temperature i$ not less than
300°C and not more than 1000°C.

15
12. A method as claimed in any one of claims 9 to 11, wherein the annealing time is not
less than 2 seconds aud not more than 30 minutes.

13. A method of forming an electrode for Group III-V compound semiconductor
20 represented by the general formula In,Ga ALN (provided thatx +y +z=1,0<x<1,0
<y s 1, and 0 < z < 1) doped with a p-type impurity, said elecirode being formed on said
compound semiconductor using the electrode material of claim 1 or 2, including vacuum

deposition of Ca and the noble metal simultaneously onto the semiconductor.
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