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(87) Abstract: Provided are: a GaN crystal in which the angle between an m axis and the normal of the main surface is
0-20 degrees, said GaN crystal having on a main surface thereof a band-like dislocation aggregation region that satisfies
at least one condition selected from the group consisting of conditions (1)-(3); and a GaN wafer. The GaN crystal and
the GaN wafer have a narrow band-like dislocation aggregation region on the main surface thereof and contribute to an
improvement in the yield of a nitride semiconductor device. (1) Maximum effective width is less than 50 um. (2) Condition
(A) and/or condition (B) is satisfied, wherein condition (A) is that the dislocation density (Dy) for a width of 15 um from
the center is less than 3 x 10’cm™, and condition (B) is that the dislocation density (D7) for a width of 50 um from the

center is less than 2.5 x 10 ’cm™. (3) The ratio (Dz/Dx) of Dz to Dy (the dislocation density Dx for a width of 5 um from
the center is not more than 0.5, and/or Dz/Dy is not more than 0.5.
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

(1) The number of inventions included in the claims: 4
(i1) The claim numbers of claims classified as each invention:
Invention 1: claims 1-11
Invention 2: claims 12-16
Invention 3: claim 17
Invention 4: claim 18

(iii) Reason for the judgement that the requirement of unity of invention is not satisfied

Document 1: JP 2011-63504 A (MITSUBISHI CHEMICAL CORP.) 31 March 2011 (2011-03-31), paragraphs
[0101], [0140], [0149]-[0157], fig. 6, 7 & US 2012/0112320 A1, paragraphs [0118], [0157]-[0163], [0171]-[0182],
fig. 6,7 & EP 2439316 Al & KR 10-2012-0036816 A

The claims are classified into the following four inventions.

(Invention 1) Claims 1-11

Document 1 (particularly, see paragraphs [0101], [0140] and [0149]-[0157] and fig. 6 and 7) discloses a "free-
standing substrate of example 2 obtained by arranging three (10-10) plane gallium nitride seed substrates having
an off-angle of -4.71 to -5.28° in the [0001] direction and a length of 25 mm in the [11-20] direction and 5 mm in
the [0001] direction on a susceptor and growing a GaN crystal thereon by a HVPE method followed by slicing and
polishing (GaN crystal having a main surface with an angle between the normal line of the main surface and the m-
axis of 0 degree-20 degrees inclusive), wherein the dark spot (corresponding to dislocation) densities observed by

CL measurement are 2.5x10° cm? and 7.5x10° cm?, respectively, in the region above the seed substrate (positions
50 um or more away in the vertically left and right directions relative to the longitudinal direction of the band-shaped
dislocation aggregate region from the center of the band-shaped dislocation aggregate region ) and in the region
above the boundary region between a seed substrate and a seed substrate (the center of the band-shaped dislocation
aggregate region)". It can be understood that the dislocation density decreases as the distance from the center of the
band-shaped dislocation aggregate region increases, and the free-standing substrate of document 1 has a dislocation

density at the center of the band-shaped dislocation aggregate region of 7.5%10% cm. Thus, it is highly possible
that the dislocation densities in the region (Y) 15 um away from the center of the band-shaped dislocation aggregate
region and in the region (Z) 50 um away from the center of the band-shaped dislocation aggregate region are both

highly possibly less than 7.5%10% cm™.

Accordingly, the free-standing substrate of document 1 is a GaN crystal fulfilling the requirements in claim 1,
(2)(A) and (B) and claim 2, and claims 1 and 2 therefore lack novelty in light of document 1 and thus do not have a
special technical feature.

Claims 3-11 are dependent on claim 1.

Accordingly, the inventions in claims 1-11 are classified as invention 1.

(Invention 2) Claims 12-16

Claims 12-16 cannot be said to share a same or corresponding technical feature with claims 1-11 classified as
invention 1.

Accordingly, claims 12-16 cannot be classitied as invention 1.

Claim 12 has the special technical feature of a "GaN crystal having a main surface with an angle between the
normal line of the main surface and the m-axis of 0 degrees-20 degrees inclusive, wherein the main surface has

an area of 10 cm * or more and when a rectangular region of 210 pumx100 um is defined in an arbitrary position
on the main surface and the dislocation density in the rectangle is calculated, there is no rectangular region with a

dislocation density in the rectangle of above 1x10” cm? on the main surface", and thus is classified as invention 2.
Claims 13-16 are dependent on claim 12.
Accordingly, the inventions in claims 12-16 are classified as invention 2.

(Invention 3) Claim 17

Claim 17 cannot be said to share a same or corresponding technical feature with claim 1 classified as invention 1
or claim 12 classified as invention 2. In addition, claim 17 is not substantially identical to or similarly closely related
to any of the claims classified as invention 1 or 2.
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Therefore, claim 17 cannot be classified as either invention 1 or 2.

Claim 17 has the special technical feature of a "method for producing a GaN crystal, comprising at least a liquid
phase growth step for growing a bulk GaN crystal by an ammonothermal method on an aggregate seed obtained by
closely arranging multiple GaN seeds for tiling and a gas phase growth step for growing GaN crystal by an HVPE
method using the bulk GaN crystal obtained in the liquid phase growth step as a seed crystal, wherein the liquid
phase growth step includes a melt-back step”, and thus is classified as invention 3.

(Invention 4) Claim 18

Claim 18 cannot be said to share a same or corresponding technical feature with claim 1 classified as invention
1, claim 12 classified as invention 2 or claim 17 classified as invention 3. In addition, claim 18 is not substantially
identical to or similarly closely related to any of the claims classified as invention 1, 2 or 3.

Accordingly, claim 18 cannot be classified as any of inventions 1-3, and is thus classified as invention 4.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: Claims that have been subjected to international
search: 1-16

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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