WO 2006/011675 A1 |0 |00 00 00 O O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
2 February 2006 (02.02.2006)

B m
‘."
. 7

(10) International Publication Number

WO 2006/011675 Al

(51) International Patent Classification : HO1L 33/00,
21/205
(21) International Application Number:
PCT/IP2005/014270

(22) International Filing Date: 28 July 2005 (28.07.2005)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

2004-223439 30 July 2004 (30.07.2004)  JP

(71) Applicant (for all designated States except US): SUM-
ITOMO CHEMICAL COMPANY, LIMITED [JP/IP];
27-1, Shinkawa 2-chome, Chuo-ku, Tokyo 104-8260 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KASAHARA,
Kenji [JP/JP]; 3-12-2-101, Hanabatake, Tsukuba-shi,
Ibaraki 300-3261 (JP). SASAKI, Makoto [JP/JP];
2-13-10-302, Amakubo, Tsukuba-shi, Ibaraki 305-0005

(74)

(81)

(84)

(JP). SHIMIZU, Masaya [JP/JP]; 20-1-150, Hoshigoe-
cho, Niihama-shi, Ehime 792-0009 (JP).

Agents: ASAMURA, Kiyoshi et al.; Room 331, New
Ohtemachi Bldg., 2-1, Ohtemachi 2-chome, Chiyoda-ku,
Tokyo 100-0004 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, I, IN, IS, KE, KG,
KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
YU, ZA, 7ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,

[Continued on next page]

(54) Title: NITRIDE COMPOUND SEMICONDUCTOR AND PROCESS FOR PRODUCING THE SAME

(57) Abstract: A process for
producing a nitride compound
semiconductor ~ represented by

6 a general formula, InxGayAlzN

(where x + y+7Z=1,0x10y

5F ) 1, and O z 1), characterized in that
5K 5E a non-doped nitride compound
5J semiconductor (A) represented by
51 5D 5 a general formula, InaGabAlcN
(wherea+b+c=1,0al1,0b1,and
5H 5(? 0 ¢ 1) of a thickness of 500 to 5000
58 ? is formed between a p-type contact
5G B5A _/ layer and an n-type contact layer at a
temperature within a range between
4 550 and 850 C
7 .
3
V2727722222227 2
//\/ 1




WO 2006/011675 A1 1NN N0VOH0 AT 00 00 OO A

RO, SE, SI, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, For two-letter codes and other abbreviations, refer to the "Guid-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ance Notes on Codes and Abbreviations" appearing at the begin-
Published: ning of each regular issue of the PCT Gazette.

—  with international search report



WO 2006/011675 PCT/JP2005/014270

10

15

20

1
DESCRIPTION
NITRIDE COMPOUND SEMICONDUCTOR AND PROCESS

FOR PRODUCING THE SAME

TECHNICAL FIELD

The present invention relates to a nitride
compound semiconductor represented by a general
formula, InyGayAl,N (where x + y + 2 =1, 0<x <1, 0 <
y <1, and 0 £ z £ 1), and a process for producing the

same.

BACKGROUND ART

In recent years, a light emitting element
using a nitride compound semiconductor represented by a
general formula, InyGa,Al,N (where x + y + 2 =1, 0 £ x
1, 0 £y <1, and 0 £ z £ 1) has been incorporated and
commercialized as a light source for a blue, green or
white light emitting device. 1In this type of light
emitting element, a nitride compound semiconductor
layer is formed on a substrate such as a sapphire
substrate.

In the process of manufacturing a light
emitting device wherein a light emitting element
constituted as described above is incorporated, or in
the situation of operating the light emitting device,
if a large current flows instantaneously in the nitride

compound semiconductor due to static electricity, a

<
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2
problem wherein the compound semiconductor is destroyed
occurs.

In order to solve this problem, in a nitride
compound semiconductor constituting a semiconductor
light emitting element, a process wherein a p-type
multilayer film is laminated on a light emitting layer
consisting of a multi-quantum well, and a non-doped
layer is formed between the p-type multilayer film and
a p-type contact layer at a temperature of 1050°C (e.g.,
refer to Patent Document 1); a process wherein an n-
type multilayer film, a multi-quantum well and a p-type
ﬁultilayer film are laminated (e.g., refer to Patent
Dchment 2); and a process- wherein an n-type layer
having an electron concentration lower than an n-type
contact layer is formed between a light emitting layer
and the n-type contact layer at a temperature of 1150°C
(e.g., refer to Patent Document 3); and the like have
been proposed.

[Patent Document 1] JP-A-2001-148507

[Patent Document 2] JP-A-2000-244072

[Patent Document 3] JP-A-9-92880

However, in the above-described process for
forming a non-doped layer at a temperature of 1050°C,
the process for laminating n-type multilayer film, a
multi-quantum well and a p-type multilayer film, and
the like, electrostatic breakdown resistance could not
been satisfied; and in the process wherein an n-type

layer having a low electron concentration is formed at
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a temperature of 1150°C, there was a problem wherein
although the electrostatic withstand voltage in the
forward direction could be improved, the improvement of
the electrostatic withstand voltage in the backward

direction was insufficient.

DISCLOSURE OF THE INVENTION

An object of the present invention is to
solve the above-described problems in conventional art,
and to provide a nitride compound semiconductor that
produces an element exhibiting a high electrostatic
breakdown resistance, and a process for produéing the
same.

As a result of keen examinations to solve the
above-described problems, the present inventors found

that electrostatic withstand voltage was dramatically

'improved by forming a specific nitride semiconductor

layer between a p-type contact layer and an n-type
contact layer leading to the present invention.
Specifically, the présent invention provides:
(1) a process for producing a nitride
compound semiconductor represented by a general
formula, InyGayAl,N (where x + y + 2 =1, 0 <x <1, 0 <
y £1, and 0 £ z £ 1), characterized in that a non-doped
nitride compound semiconductor (A) represented by a
general formula, In,GapAl.N (where a + b + ¢ =1, 0 £ a <
1, 0 £b <1, and 0 £ ¢ £ 1) of a thickness of 50 to 500

nm is formed between a p-type contact layer and an n-
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type contact layer at a temperature within a range
between 550 and 850°C;

(2) the process according to the above-
described (1), wherein a non-doped nitride compound
semiconauctor (B) represented by a general formula,
IngGaeAleN (where d + e+ £ =1, 0<d<1, 0<ec<1,
and 0 £ £ £ 1) of a thickness of 20 to 600 nm is formed
between the nitride compound semiconductor (A) and the
n-type contact layer at a temperature within a range
between 900 and 1200°C; and

(3) a nitride compound semiconductor obtained
by a process according to .the above-described (1) or
(2).

The present invention also provides a light
emitting element having the above nitride compound
semiconductor.

Hereupon, the word "non-doped” in the present
invention means that impurities are not intentionally

added.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view showing an example
of nitride compound semiconductors produced according
to a producing method of the present invention; and
Fig. 2 is a circuit diagram for testing the
resistance to the electrostatic discharge of a light
emitting element.

Fig. 3 shows the structure of the light
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emitting element of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

An example of the embodiment of the.present
invention will be described below referring to the
drawings.

The nitride compound semiconductor to be the
subject of the present invention is a compound
semiconductor represented by a general formula,
InyGayAl ;N (where x + y +2 =1, 0 <x <1, 0<y<1,
and 0 £ z £ 1).

As a substrate for growing the nitride
compound semiconductor, a nitfide compound
semiconductor substrate, a sapphire substrate, an SiC
substrate, an Si substrate, a ZrB,; substrate and the
like can be preferably used. Here, if a nitride
compound semiconductor is grown directly on the above-
described substrates other than the nitride compound
semiconductor substrate, a sufficiently high-quality
crystal may not be produced because of lattice
mismatch. In such a case, it has been well known that
a high-quality crystal can be obtained by a two-stage
growing process wherein a layer of GaN, AlN, SiC or the
like is first grown on a substrate as a buffer layer,
and then, a nitride compound semiconductor is further
grown.

Fig. 1 is a sectional view showing a frame

format of the structure of nitride compound
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semiconductor to which the present invention is
applied.

Although various known processes are included
in the processes for manufacturing the nitride compound
semiconductor, the use of a metal organic vapor phase
epitaxial growth process (MOVPE process) is preferred.
Hereafter, a manufacturing process using the MOVPE
process will be described. |

A GaN buffer layer (low-temperature buffer
layer) 2 is formed on a sapphire substrate 1, and an n-
type contact layer 3 is formed on the GaN buffer layer.
The thickness of the GaN buffer layer 2 is preferably
10 to 100 nm. As the buffer layer, the mixed crystal
of ALN and GaN represented by a general formula, GayAl;-
yN (where 0 < y < 1) can also be used.

It is preferable not to elevate the operating
voltage of a light emitting element, the n-type carrier
concentration in the n-type contact layer 3 is 1 x 10%®

3

cm® or higher and 1 x 10?' cm™®

or lower. Such an n-
type contact layer can be easily obtained by a well-
known process wherein an adequate quantity of an n-type
dopant gas or an organic metal material is added when
the crystal of InsGayAl,N (where x + y + Z =1, 0 < x <
1, 0y <1, and 0 £ z £ 1) is grown at a temperature
within the range between 900 and 1100°C. As the
material of the n-type dopant, silane, disilane,
german, tetramethyl germanium or the like is preferred.

The n-type carrier concentration exceeding 1 x 10%* cm™
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is not preferable because crystallizing properties
becomes poor, and the characteristics of the light
emitting element are adversely affected.

In addition, if the mixing ratio of In and Al
in the mixed crystal is high, the quality of the
crystal lowers and the carrier concentration elevates
especially at low temperatures; therefore, the In
composition is preferably 5% or less, and more
preferably 1% or less. The Al composition is
preferably 5% or less, and more preferably 1% or less.
Most preferably, the n-type contact layer 3 is composed
of GaN.

On the above-described n-type contact layer
3, a non-doped nitride compound semiconductor 4
represented by a general formula, In,GagkAl.N (where a +
b + c.= 1, 0<a=s1l, 0£b <1, and 0 £ ¢c £ 1) is
formed. The semiconductor layer 4 is grown at a
temperature within the range between 550 and 850°C,
preferably within the range between 700 and 800°C. For
example, the growing temperature is set at 775°C,
ammonia gas is used as a group V material, and triethyl
gallium is used as a group III material to grow a
crystal. At this time, it is important that no n-type
dopant gas and p-type dopant gas are intentionally
added to produce non-doping conditions. The n-type
carrier concentration of the nitride compound
semiconductor layer 4 formed under these crystal

growing conditions can be 1 x 10 to 1 x 10® cm™.
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In the nitride compound semiconductor 4,
since the crystal quality is lowered and the carrier
concentration is elevated if the mixed crystal ratio of
In and Al is high, especially at low temperatures, the
In composition is preferably 5% or less, and more
preferably 1% or less. The Al composition is
preferably 5% or less, and more preferably 1% or less.
The nitride compound semiconductor 4 is most preferably
GaN.

If the film thickness of the nitride compound
semiconductor layer 4 is excessively thin, the effect
to improve the electrostatic withstand voltage tends to
lower; and if it is excessively thick, element
characteristics may be adversely affected, such as
increase in leakage current when the light emitting
element is operated. Therefore, the film thickness of
the nitride compound semiconductor layer 4 is normally
within the range between 50 and 500 nm, and preferably
within the range between 70 and 250 nm.

Although the nitride compound semiconductor
layer 4 works as a barrier layer that contacts the
lower surface of the well layer, which is a light
emitting layer as described below; however, it can be
formed between the n-type contact layer and the barrier
layer. It can also work as a barrier layer that
contacts the upper surface of the well layer, or can be
formed between the p-type contact layer and the barrier

layer.
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Further, a non-doped nitride compound
semiconductor layer 7 represented by a general formula,
IngGacAleN (where d + e+ £ =1, 0£d<1, 0<e <1,
and 0 £ £ < 1) can be formed between the n-type contact
layer 3 and the nitride compound semiconductor layer 4.
This is preferable because better electrostatic
withstand voltage characteristics, good LED light
emitting characteristics and electrical characteristics
can be obtained. The semiconductor layer.7 is grown at
a temperature within the range between 900 and 1200°C,
preferably at a temperature within the range between
1000 and 1150°C. For example, a crystal is grown at a
growing temperature of 1100°C using ammonia gas as the
group V material and triethyl gallium as the group III
material. At this time, the n-type dopant gas and the
p-type dopant gas are not intentionally mixed to make
non-doping conditions. The n-type carrier
concentration of the semiconductor layer 7 formed under
these crystal growing conditions can be lower than 5 x

3 or lower.

10'® cm™, preferably 1 x 10*¢ cm

However, if such a low-carrier-concentration
layer is excessively thick, it becomes the serial
resistor component of the light emitting element;
therefore, the film thickness of the semiconductor
layer 7 is preferably 600 nm or less, more preferably
10 to 300 nm, and further preferably 50 to 300 nm.

In the nitride compound semiconductor 7, if

the mixed crystal ratio of In and Al is high, the
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crystal quality lowers especially at low temperatures,
and the carrier concentration elevated; therefore, the
In composition is preferably 5% or lower, and more
preferably 1% or lower. The al composition is
preferably 5% or lower, and more preferably 1% or
lower. Most preferably, the n-type contact layer 7 is
composed of GaN.

Next, a light emitting layer 5 is formed on
the above-described nitride compound seﬁiconductor
layer 4. The light emitting layer 5 shown in Fig. 1 is
a multi-quantum well structure consisting of GaN layers
5A to 5E, which are barrier layers, and IngGanN layers
(where g + h =1, 0 <g<1l, 0 <h< 1) 5F to 5J, which
are well layers. Although the well layers consist of
five layers, it is enough if there is at least one well
layer. Here, the film thickness and the mixed crystal
ratio of GaN layers 5A to S5E and IngGapN layers 5F to 5J
can be appropriately determined according to the'
characteristics of the target light emitting element.
For example, a blue light emitting element with an
emission wavelength of about 470 nm is the target, the
thickness of the GaN layer is 3 to 30 nm, the thickness
of the IngGayN layer can be 1 to 5 nm, and the average
In composition can be about 5 to 40%.

| A p-type éontact layer 6 is formed on the
above-described light emitting layer 5. 1In the p-type
contact layer 6, in order not to elevate the operating

voltage of the light emitting element, the p—typel



WO 2006/011675 - PCT/JP2005/014270

10

15

20

25

11
carrier concentration is preferably 5 x 10 cm™ or
higher, and more preferably 1 x 10 to 5 x 10'° cm™3.
Such a p-type contact layer can be easily obtained by a
well known process wherein after mixing an appropriate
quantity of material gas for the dopant to grow the
crystal, heat treatment is performed when the In,GapAl.N
(where a + b+ c=1, 0£a<1l, 0<b <1, and 0 £ ¢ £
1) crystal is grown at a growing temperature of 800°C to
1100°C.

In the p-type contact layer 6, if the mixed
crystal ratio of Al is high, the contéct resistance
tends to elevate, the Al composition is normally 5% or
lower, and preferably 1% or lower. The p-type contact
layer 6 is more preferably InGaN or GaN, and most
preferably GaN.

When each layer as described above is grown
using the MOVPE process, the following materials can be
appropriately selected and used.

The examples of group III gallium materials
include trialkyl gallium represented by a general
formula, R;R;R3Ga (where R;, R, and Rz denote lower alkyl
groups), such as trimethyl gallium (TMG) and triethyl
gallium (TEG).

Aluminum materials include trialkyl aluminum
represented by a general formula, R;R;R3A1 (where Ri, R,
and R; denote lower alkyl groups), such as trimethyl
aluminum (TMA), triethyl aluminum (TEA) and triisobutyl

aluminum.
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Indium materials include trialkyl indium
represented by a general formula, R;R;R3In (where R;, R,
and R3 denote lower alkyl groups), such as trimethyl
indium (TMI) and triethyl indium; trialkyl indium whose
one to three alkyl groups are replaced by halogen
atoms, such as diethyl indium chloride; and halogenated
indium represented by a general formula, InX (where X
is a halogen atom), such as indium chloride.

The examples of group V materials include
ammonia, hydrazine, methyl hydrazine, 1,1-dimethyl
hydrazine, 1,2-dimethyl hydrazine, t-butylamine and
ethylenediamine. These materials can be used alone or
in optional combination. Of these materials; ammonia
and hydrazine are preferable because they contain no
carbon atoms in the molecules, and have little effect
of carbon contamination to the semiconductor.

The examples of p-type dopants include Mg,
Zn, Cd, Ca, Be and the like. Among these, Mg and Ca
are preferably used. As the material of Mg, which is a
p-type dopant, for example, bis(cyclopentadienyl)
magnesium ((CsHs)2Mg), bis(methylcyclopentadienyl)
magnesium ((CsH4CH3)2Mg), bis(ethylcyclopentadienyl)
magnesium ((CsH4CyHs)2Mg) or the like can be used. As
the material of Ca, bis(cyclopentadienyl) calcium
((CsHs)2Ca) and the derivatives thereof, for example,
bis{(methylcyclopentadienyl) calcium ((CsH4CHj3),Ca),
bis(ethylcyclopentadienyl) calcium ((CsH4CyHs),Ca) or

bis(perfluorocyclopentadienyl) calcium ((CsFs),Ca), di-
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1-naphthalenyl calcium and the derivatives thereof, or
calcium acetylide and the derivatives thereof, for
example, bis(4,4-difluoro-3-butene-1-inyl) calcium or
bis (phenylethynyl) calcium can be used. These
materials can be used alone or in combination of two or
more.

Although the case wherein an MOVPE process is
used is described in this embodiment, the present
invention is not limited thereto, but other well known
processes for growing the crystal of a III-V group
compound semiconductor, such as molecular beam epitaxy,
can also‘be used.

The light emitting element of the present
invention is characterized by having a nitride compound
semiconductor obtained by the above-described
production process.

For example, Fig. 3 is a sectional view
showing an example of the light emitting element having
a nitride compound semiconductor according to the
present invention. By the conventional method, on the
nitride compound semiconductor, a p-electrode is formed
on a p-type contact layer and an n-electrode on an n-
type contact layer, followed by chip process. The
nitride compound semiconductor-after the chip process
is fixed onto a mount integrally formed at the inside
end of a first lead frame 34. A second lead frame 36
is provided to become approximately parallel to the

first lead frame 34. The n-electrode of the light
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emitting element 32 is electrically conﬁected to the
mount portion through a first connecting conductor 33,
and the p-electrode is electrically connected to the
second lead frame 36 through a second connecting
conductor 35. The inside ends of the first lead frame
34 and the second lead frame 36 are sealed with a
transparent thermosetting resin 31.- Accordingly, light
emission can be obtained from the light emitting
element by applying a voltage between the first lead
frame and the second lead frame. The light from the
light emitting element is emitted outside through the
transparent thermosetting resin 31.
[Examples]

The examples of the present invention will be
described below; however, the present invention is not
limited thereto.

(Example 1)

As a substrate, sapphire whose C surface was
mirror polished was used. The process for growing a
crystal was conducted by an MOVPE process, and a two-
stage growth process using GaN grown at a low
temperature was used as a buffer layer. The pressure
in the growing furnace was set to 1 atmosphere, the
substrate temperature was set at 550°C, hydrogen was
used as the carrier gas, and TMG and ammonia was
supplied to grow a GaN buffer layer of a thickness of
about 50 nm.

Next, after elevating the substrate
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temperature to 1120°C, hydrogen carrier gas, TMG, silane
and ammonia were supplied to grow an Si-doped n-type
GaN layer of a thickness of about 4 um, and supply of
only silane was stopped to grow a non-doped GaN layer
of a thickness of 300 nm.

Then, the substrate temperature was set at
780°C, the pressure in the growing furnace was set to 50
kPa, nitrogen was used as the carrier gas, and 610 sccm
and 40 slm of TEG and ammonia, respectively, were
supplied to grow the non-doped GaN layer of a thickness
of 100 nm as the nitride compound semiconductor layer A
of the présent invention.

Then, 610 sccm, 1160 sccm and.40 slm of TEG,
TMI and ammonia, respectively, were supplied to grow an
Ing.12Gap.geN layer of a thickness of 3 nm. Then, 610
sccm and 40 slm of TEG and ammonia, respectively were
supplied to grow a non-doped GaN layer of a thickness
of 15 nm.

The operations to grow the Ing.12Gag.gsN well
layer (3 nm) and the non-doped GaN barrier layer (15
nm) were repeated further four times; however, only the
film thickness of the uppermost non-doped GaN barrier
layer was made 18 nm.

Then, after elevating the substrate
temperature to 940°C, 600 sccm, 200 sccm, 3000 sccm and
40 slm of TEG, TMA, bis(cyclopentadienyl) magnesium
(hereafter abbreviated as EtCp2Mg) and ammonia,

respectively, were supplied to grow a Mg-doped
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Alyp.1Gap.9N layer (protection layer) of a thickness of 30
nm. Furthermore, after elevating the substrate
temperature to 1000°C, EtCp2Mg and ammonia were supplied
to grow a Mg-doped p-type GaN layer of a thickness of
150 nm as a p-layer.

The nitride compound semiconductor sample
thus made is taken out from the reaction furnace, and
then subject to annealing of 700°C for 20 minutes to
convert a Mg-doped GaN layer (top layer), to a low-
resistive p-type layer.

Electrodes were formed by a normal process on
thus obtained sample to form a light emitting diode
(hereafter abbreviated as LED). A Ni-Au alloy was used
as a p-electrode, and Al was used as an n-electrode.
When a current of 20 mA was flowed in this LED in the
forward direction, the LED exhibited clear blue light
emitting. The resistance of the LED to electrostatic
discharge was tested as follows:

Fig..2 is a circuit diagram of the circuit
for testing the resistance of the LED to electrostatic
discharge. Here, Vo denotes a variable direct current
power source, Rp and R denote resistors, C denotes a
capacitor, and Sw denotes a changing-over switch. As
the test, the following machine model test was
conducted. The machine model test is a model for
discharging static electricity to an LED from an
electrostatically charged apparatus or jig under

conditions of R = 0 Q and C = 200 pF. After setting
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the voltage of the variable direct current power source
Vo in Fig. 2 to a certain value, and switching the
changing-over switch Sw as shown by a solid line to
charge the capacitor C through the resistor Rp, the
changing-over switch Sw is switched as a dotted line to
discharge to the LED. After the tests were repeated
three times, the voltage-current characteristics of the
light emitting element were evaluated. Change in the
voltage-current characteristics of the light emitting
element enables the judgment whether the element was
destroyed or not. Hereafter, the Vo value when 50% of
the total tested elements were destroyed was made the
electrostatic withstand voltage value. The
electrostatic withstand voltage in this example was 417
V.
(Example 2)

An LED was fabricated in accordance with
Example 1 except that the film thickness of the nitride
semiconductor layer A was 200 nm. When a current of 20
mA was flowed in this LED in the forward direction, the
LED exhibited clear blue light emitting. The
electrostatic withstand voltage was 417 V.
(Example 3)

An LED was fabricated in accordance with
Example 1 except that the film thickness of the nitride
semiconductor layer B was 150 nm. When a current of 20
mA was flowed in this LED in the forward direction, the

LED exhibited clear blue light emitting. The
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electrostatic withstand voltage was 200 V.
(Comparative Example 1)

An LED was fabricated in accordance with
Example 1 except that the substrate temperatﬁre when
the nitride semiconductor layer A was grown was 889°C.
When a current of 20 mA was flowed in this LED in the
forward direction, the LED exhibited clear blue light
emitting. The electrostatic withstand voltage was 75
V.
(Comparative Example 2)

An LED was fabricated in accordance with _
Example 1 except that the film thickness of the nitride
semiconductor layer A was 15 nm. When a current of 20
mA was flowed in this LED in the forward direction, the
LED exhibited clear blue light emitting. The
electrostatic withstand voltage was 60 V.
(Comparative Example 3)

An LED was fabricated in accordance with
Example 1 except that the substrate temperature when
the nitride semiconductor layer A was grown was 1124°C,
the film thickness was 300 nm. When a current of 20 mA
was flowed in this LED in the forward direction, the
LED exhibited clear blue light emitting. The
electrostatic withstand voltage was 88 V.

Table 1 shows the growing conditions and
electrostatic withstand voltage of nitride
semiconductor layers A.

The carrier cdncentration of the nitride
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semiconductor layer A is measured as follows: A low
temperature buffer layer is grown on a sapphire
substrate, on which low temperature buffer layer a GaN
ground layer that is previously known to have a carrier

concentration of 1 X 10%* cm™

or less is grown in a
thickness of about 3000 nm, on which the nitride
semiconductor layer A of interest is grown in a
thickness of about 200 nm. The thus obtained sample is
subjected to hole measurement method to obtain the
carrier concentration of the nitride semiconductor
layer A.

In blue-light emitting diodes in Comparative
Examples 1 to 3, the electrostatic withstand voltages
were lower than 100 V.

On the other hand, in the case of Examples 1
and 2, the electrostatic withstand voltage was 417
volts, and in the case of Example 3, it was 200 V. 1In
other words, it was confirmed that in the LEDs
fabricated by the production process of the present
invention, withstand voltage to electrostatic

destruction is remarkably improved, specifically it is

improved by about 300 V or more in Examples 1 and 2.
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In the same manner as in Example 1 except

that the growth temperature and thickness of nitride

semiconductor layers A and B were changed as shown in

Table 2 below,

the nitride compound semiconductors

excellent in electrostatic withstand voltage were

obtained.
[Table 2]
Thickness of Growth Thickness of Growth
. . temperature . . temperature
nitride . . nitride . .
. of nitride. . of nitride
No. semiconductor \ semiconductor .
semiconductor semiconductor
layer A layer B
(nm) layer A (nm) layer B
(°C) (°C)
1 60 780 300 1100
2 300 780 . 300 1100
3 100 780 50 1100
4 100 780 500 1100
5 200 780 50 1100
6 200 780 500 1100
7 60 680 . 300 1100
8 100 680 300 1100
9 200 680 300 1100
10 150 780 50 950
11 150 780 500 950

iNDUSTRIAL APPLICABILITY

According to the present invention, the
electrostatic destruction of a nitride compound
semiconductor can be prevented even if abnormally high
voltage and large current pulse caused by static

electricity is impressed to the nitride compound

semiconductor.
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CLAIMS
1. A process for producing a nitride compound
semiconductor represented by a general formula,
InyGayAl,N (where x + y + 2 =1, 0 < x<1, 0Ly <1,
and 0 £ z £ 1), characterized in that a non-doped
nitride compound semiconductor (A) represented by a
general formula, In,GapAl:.N (where a + b + ¢ =1, 0 £ a £
1, 0 £b <1, and 0 £ ¢ £ 1) of a thickness of 500 to
5000 A is formed between a p-type contact layer.and an
n-type contact layer at a temperature within a range
between 550 and 850°C.
2. The process according to claim 1, wherein a
non-doped nitride compound semiconductor (B)
represented by a general formula, IngGacAlg{N (where d +
e+ f=1, 0<d<1, 0£e<1, and 0 £ f £ 1) of a
thickness of 200 to 6000 A is formed between said
nitride compound semiconductor (A) and said n-type
contact layer at a temperature within a range between
900 and 1200°C.
3. A nitride compound semiconductor obtained by

a process according to claim 1 or 2.
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