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(57) ABSTRACT

A method for fabricating air media layer within the semicon-
ductor optical device is provided. The step of method includes
a substrate is provided, a GaN thin film is formed on the
substrate, a sacrificial layer is formed on the GaN thin film,
and a nitride-containing semiconductor layer is formed on the
sacrificial layer. The semiconductor optical device is
immersed with an acidic solution to remove the portion of
sacrificial layer to form an air media layer around the residual
sacrificial layer.
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Figure 1
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Figure 2
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SEMICONDUCTOR OPTICAL DEVICE
HAVING AN AIR MEDIA LAYER AND THE
METHOD FOR FORMING THE AIR MEDIA
LAYER THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a method for fabricating a
nitride semiconductor optical device, particularly the method
for forming the air media layer within the nitride semicon-
ductor optical device.

[0003] 2. Description of the Prior Art

[0004] As for the structure of nitride semiconductor
embedded with the air media layer, the light field can be
confined in the nitride semiconductor material with high
refractive index through the air media with low refractive
index. Furthermore, the E-beam lithography is used to define
the micro-structure on the nitride surface to form the micro
resonance cavity in the nitride material. Its optical character-
istics are studied through the different structural design of
nitride. Due to the chemical property of nitride semiconduc-
tor is stable, it is difficult to remove the bottom semiconductor
material to form nitride semiconductor thin film by the wet
etching method. In the conventional art, different nitride
material is used as the material of sacrificial layer. The optical
chemical oxidization etching reaction is used to remove the
nitride in the sacrificial layer. However, the etching rate and
homogeneity of optical chemical oxidization etching reaction
are not good, it is apt to cause uneven surface and even cause
the structural defect or the drop of device characteristics.
[0005] Though the match between the nitride and the
nitride semiconductor is well known, the lattice constant
between them is very close, thus they are perfect match basi-
cally. However, it is still necessary to pay attention to the
crystal quality of heterogeneous epitaxy. Therefore the inven-
tion discloses how to grow high-quality nitride and improve
the heterogeneous structure of oxide.

SUMMARY OF THE INVENTION

[0006] According to the shortcoming of the prior art, the
invention provides a method for fabricating air media layer
within the semiconductor optical device.

[0007] The main purpose of invention is to raise the perfor-
mance of semiconductor optical device through the sandwich
structure formed by the air media layer and nitride layer.
[0008] Another purpose of the invention is to immerse the
semiconductor optical device in an acidic solution to remove
the portion of sacrificial layer to form an air media layer
within the semiconductor optical device.

[0009] According to the above-mentioned purposes, the
invention provides a method for fabricating the air media
layer within the semiconductor optical device. The step of
method includes: a substrate is provided, a GaN thin film is
formed on the substrate, a sacrificial layer is formed on the
GaN thin film, and a nitride-containing semiconductor layer
is formed on the sacrificial layer. The semiconductor optical
device 1s immersed with an acidic solution to remove the
portion of sacrificial layer to form an air media layer around
the residual sacrificial layer.

[0010] In an embodiment of the invention, the formation
method of the above-mentioned GaN thin film is the Metal-
Organic Chemical Vapor Deposition.
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[0011] In an embodiment of the invention, the formation
method of the above-mentioned sacrificial layer is the
Molecular Beam Epitaxy.

[0012] Inan embodiment of the invention, the temperature
range for the formation of the above-mentioned sacrificial
layer is 500° C. to 700° C.

[0013] Inanembodiment of the invention, the above-men-
tioned acidic solution includes the nitric acid or nitromuriatic
acid.

[0014] Inan embodiment of the invention, the above-men-
tioned etching step includes a micro-structural pattern is
defined on the nitride-containing semiconductor. The etching
is used to remove a portion of nitride-containing semiconduc-
tor layer to form a plurality of micro-structures within the
nitride-containing semiconductor. The wet etching is used to
remove a portion of sacrificial layer to form an air media layer
between the GaN thin film and the nitride-containing semi-
conductor layer.

[0015] In an embodiment of the invention, the definition
method of the above-mentioned micro-structural pattern
includes the E-beam lithography.

[0016] In an embodiment of the invention, the etching
method of removing a portion of nitride-containing semicon-
ductor layer includes the inductively coupled plasma reactive
ion etching (ICP-RIE).

[0017] Inan embodiment of the invention, the above-men-
tioned nitride-containing semiconductor layer further
includes a metal bonding layer.

[0018] In an embodiment of the invention, another sub-
strate is formed on the above-mentioned metal bonding layer.
[0019] In addition, according to the above-mentioned fab-
rication method, the invention even discloses a semiconduc-
tor optical device having air media layer, which includes: a
first substrate, a GaN thin film is formed on the first substrate,
an air media layer is formed on the GaN thin film, and a
nitride-containing semiconductor layer is formed on the air
media layer, wherein the air media layer includes a sacrificial
layer.

[0020] In an embodiment of the invention, the material of
the above-mentioned first substrate is the silicon carbide
(SiC) or Sapphire.

[0021] In an embodiment of the invention, the structure of
sacrificial layer within the above-mentioned air media layeris
single cylindrical structure.

[0022] Inanembodiment of the invention, there is a plural-
ity of micro-structures within the above-mentioned nitride-
containing semiconductor layer.

[0023] Inan embodiment of the invention, the plurality of
micro-structures within the above-mentioned nitride-con-
taining semiconductor layer is irregularly arranged cylindri-
cal structure.

[0024] In an embodiment of the invention, the plurality of
micro-structures within the above-mentioned nitride-con-
taining semiconductor layer is matrix arranged cylindrical
structure.

[0025] Inan embodiment of the invention, the above-men-
tioned nitride-containing semiconductor layer even includes
the bonding metal layer and the second substrate.

[0026] In order to understand the above-mentioned pur-
poses, characteristics and advantages of present invention
more obviously, the detailed explanation is described as fol-
lows with preferred embodiments and figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0028] FIG. 1 illustrates the cross-section diagram for a
semiconductor optical device in accordance with the tech-
nique disclosed in the invention;

[0029] FIG. 2 illustrates the cross-section diagram for a
semiconductor optical device having air media layer in accor-
dance with the technique disclosed in the invention;

[0030] FIG. 3 illustrates the cross-section diagram for
another embodiment of semiconductor optical device having
air media layer in accordance with the technique disclosed in
the invention;

[0031] FIG. 4 illustrates the cross-section diagram for
another embodiment of semiconductor optical device having
air media layer in accordance with the technique disclosed in
the invention;

[0032] FIG. 5 illustrates the cross-section diagram for a
semiconductor optical device having resonance cavity struc-
ture in accordance with the technique disclosed in the inven-
tion; and

[0033] FIG. 6 illustrates the cross-section diagram for a
semiconductor optical device having air media layer with a
metal bonding layer and another substrate in accordance with
the technique disclosed in the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0034] Some embodiments of the invention will be
described in detail as follows. However, except the detailed
description, the invention can be implemented in other
embodiments widely. Besides, the scope of the invention is
not limited.

[0035] Please referring to FIG. 1. FIG. 1 illustrates a cross-
section diagram for a semiconductor optical device.

[0036] AsshowninFIG. 1, its structure includes a substrate
10, a GaN thin film 12 is formed on the substrate 10, a
sacrificial layer 14 is formed on the GaN thin film 12 and a
nitride-containing semiconductor layer 16 is formed on the
sacrificial layer 14. The material of substrate 10 may be the
sapphire or silicon carbide (SiC). The GaN thin film 12 is
formed on the substrate 10 by the Metal-Organic Chemical
Vapor Deposition (MOCVD). The material of sacrificial layer
14 is the zinc oxide (Zn0O), which is formed on the GaN thin
film 12 by the Molecular Beam Epitaxy, and the temperature
range is 500° C. to 700° C. The nitride-containing semicon-
ductor layer 16 is formed on the sacrificial layer 14 by the
Molecular Beam Epitaxy.

[0037] As shown in FIG. 1, due to the zinc oxide used for
the sacrificial layer 14 is the precursor for fabricating the air
media layer, and because the etching speed is quick for the
oxide semiconductor material in the acidic solution with low
pH, thus the wet etching is used. The above-mentioned semi-
conductor optical device is immersed in an acidic solution
(not shown in figure) about pH 1 to remove a portion of
sacrificial layer 14, so that the residual sacrificial layer 141 is
formed between the GaN thin film 12 and the nitride-contain-
ing semiconductor layer 16. The removed portion of sacrifi-
cial layer 14 forms an air media layer 142 between the GaN
thin film 12 and the nitride-containing semiconductor layer
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16, as shown in FIG. 2. Due to low refractive index of air
media, the light can be confined in nitride structure. The wet
etching can improve the uneven surface of GaN thin film 14
caused by the conventional art, and increase the light emitting
efficiency of semiconductor optical device. In an embodiment
disclosed by the invention, the acidic solution includes the
nitric acid or nitromuriatic acid.

[0038] In another embodiment of the invention shown in
FIG. 3, the immersion time of the semiconductor optical
device 2 in the acidic solution can be controlled to form the
residual sacrificial layer 241 with cylindrical structure. The
air media layer 242 is formed between the GaN thin film 22
and the nitride-containing semiconductor layer 26.

[0039] As shown in FIG. 4, the invention further discloses
a method for forming an air media layer within a semicon-
ductor optical device 3. In FIG. 4, the structure of semicon-
ductor optical device 3 is the same as that of FIG. 1, which
will not be described here again. The step of forming the air
media layer 342 between the GaN thin film 32 and the nitride-
containing semiconductor layer 361 includes the micro-struc-
tural pattern is defined on the nitride-containing semiconduc-
tor layer 36 by E-beam lithography. The inductively coupled
plasma reactive ion etching (ICP-RIE) is used to remove a
portion of nitride-containing semiconductor layer 361. The
semiconductor optical device 3 is immersed in an acidic
solution to remove a portion of sacrificial layer, so that the
residual sacrificial layer 341 forms a micro-structural
between the GaN thin film 32 and the nitride-containing
semiconductor layer 361. The space of removed sacrificial
layer forms an air media layer 342.

[0040] Inaddition, as shown in FIG. 5, the invention further
discloses a method for forming a micro resonance cavity
between the nitride and the air media layer within a semicon-
ductor optical device 4. As shown in FIG. 5, in the embodi-
ment, the semiconductor optical device 4 includes a substrate
40, a GaN thin film 42 is formed on the substrate 40, a
sacrificial layer 441 is formed on the GaN thin film 42 and a
nitride-containing semiconductor layer 46 is formed on the
sacrificial layer 441. The structure and formation way is the
same as those of FIG. 1, which will not be described here
again. The micro-structural pattern is defined on the nitride-
containing semiconductor layer by E-beam lithography. The
inductively coupled plasma reactive ion etching (ICP-RIE)is
used to form a plurality of micro-structure 461 on the nitride-
containing semiconductor layer. Then, the semiconductor
optical device is immersed in an acidic solution to remove a
portion of sacrificial layer 441, so that the residual sacrificial
layer 441 forms a micro-structural between the GaN thin film
42 and the nitride-containing semiconductor layer 46. The
space of removed sacrificial layer forms an air media layer
442. In the embodiment, the micro-structure 461 can be
called as the light crystal structure, its purpose is to be used as
the resonance cavity, in order to raise the resonance number of
light in this semiconductor optical device 4 and increase the
light emitting efficiency of semiconductor optical device 4. In
the embodiment, the micro-structure 461 may be matrix
arranged cylindrical structure or irregularly arranged cylin-
drical structure.

[0041] As the semiconductor optical device 1 having air
media layer shown in FIG. 1, metal bonding layer 17 and a
second substrate 18 can be formed on the nitride-containing
semiconductor layer 16, as shown in FIG. 6. The material of
bonding metal layer 17 can be titanium alloy or indium alloy.
The material of second substrate 18 can be the silicon sub-
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strate, flexible substrate or dielectric substrate. The use of
second substrate can help the heat dissipation of device and
increase the efficiency of optical device, as well as provide the
system integration for relevant applications of optical device
and semiconductor.

[0042] As the same step shown in FIG. 1, the semiconduc-
tor optical device 1 is immersed in an acidic solution to get a
semiconductor optical device 1 having air media layer 142,
Thus, according to the above-mentioned description, the light
emitting efficiency of semiconductor optical device can be
increased through the sandwich structure formed by the air
media layer and the nitride layer.

[0043] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A method for fabricating an air media layer within a
semiconductor optical device, comprising:

providing a substrate;

forming a GaN thin film on the substrate;

forming a sacrificial layer on the GaN thin film;

forming a nitride-containing semiconductor layer on the

sacrificial layer; and

etching to remove a portion of the sacrificial layer so that a

residual part of the sacrificial layer and a surrounding
space forming an air media layer between the GaN thin
film and the nitride-containing semiconductor layer.

2. The method according to claim 1, wherein the formation
method of the GaN thin film comprises the Metal-Organic
Chemical Vapor Deposition.

3. The method according to claim 1, wherein the formation
method of the sacrificial layer comprises the Molecular Beam
Epitaxy.

4. The method according to claim 1, wherein the tempera-
ture range for the formation of the sacrificial layer is 500° C.
10 700° C.

5. The method according to claim 1, wherein the step of
etching to remove the sacrificial layer comprises immersing
the sacrificial layer in an acidic solution about pH 1.

6. The method according to claim t, wherein the acidic
solution is selected from the group consisting of nitric acid
and nitromuriatic acid.

7. The method according to claim 1, wherein the step of
etching to remove the sacrificial layer comprises:
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defining a micro-structural pattern on the nitride-contain-
ing semiconductor layer;

etching to remove a portion of nitride-containing semicon-
ductor layer to form a plurality of micro-structures
within the nitride-containing semiconductor; and

wet etching to remove a portion of sacrificial layer to form
an air media layer between the GaN thin film and the
nitride-containing semiconductor layer.

8. The method according to claim 7, wherein the definition
method of micro-structural pattern comprises the E-beam
lithography.

9. The method according to claim 7, wherein the etching
method of removing a portion of nitride-containing semicon-
ductor layer comprises inductively coupled plasma reactive
ion etching (ICP-RIE).

10. The method according to claim 1, wherein the nitride-
containing semiconductor layer further comprises a metal
bonding layer.

11. The method according to claim 1, further comprises
forming another substrate on the bonding metal layer.

12. A semiconductor optical device having an air media
layer, comprising:

a first substrate;

a GaN thin film formed on the first substrate;

an air media layer formed on the GaN thin film;

a nitride-containing semiconductor layer formed on the air
media layer.

13. The device according to claim 12, wherein the material
of the first substrate is selected from the group consisting of
the silicon carbide (SiC) or Sapphire.

14. The device according to claim 12, wherein the air media
layer comprises a sacrificial layer.

15. The device according to claim 12, wherein the structure
of sacrificial layer within the air media layer is single cylin-
drical structure.

16. The device according to claim 12, wherein the nitride-
containing semiconductor layer having a plurality of micro-
structures.

17. The device according to claim 17, wherein the micro-
structures are irregularly arranged cylindrical structure.

18. The device according to claim 17, wherein the micro-
structures comprises matrix arranged cylindrical structure.

19. The device according to claim 12, wherein the nitride-
containing semiconductor layer further comprises a bonding
metal layer and a second substrate.
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