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SUBSTRATE STRUCTURE, METHOD OF FORMING THE SUBSTRATE STRUCTURE
AND CHIP COMPRISING THE SUBSTRATE STRUCTURE

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to and benefits of Chinese Patent Application No.
201110046555.6, filed with State Intellectual Property Office, P. R. C. on February 28, 2011,

the entire content of which is incorporated herein by reference.

FIELD
The present disclosure relates to solid state lighting, and more particularly relates to a
substrate structure, a method of forming the substrate structure, and a chip comprising the

substrate structure.

BACKGROUD

A light emitting diode (LED) is a luminous conductive chip having a P-N junction
structure, and the main raw material for forming the LED is gallium nitride (GaN). GaN is
widely used in the research and industry of semiconductor and solid state lighting,
because of its advantages of high efficiency, long life span, and environment friendliness.
Group llI-V nitrides, for example, GaN, InGaN, AlGaN, and AlGalnN, have an adjustable
direct bandwidth of 0.7 eV to 6.2 eV, which covers the spectral range from the bandwidth
of ultraviolet (UV) light to that of infrared light. Thus, such nitrides are considered as the
most suitable materials for fabricating devices emitting blue light, green light or white light.

Presently, a GaN-based LED generally comprises a GaN layer heteroepitaxially
grown on a flat substrate thereof. The substrate includes a sapphire substrate, a silicon
carbide substrate, and a silicon substrate. Due to large lattice constant mismatch and
large thermal expansion coefficient difference between the substrate and the GaN
epitaxial layer, a large number of stress defects and crystal defects may be generated in
the GaN epitaxial layer. These defects may form some nonradiative recombination centers,
and may decrease the performance of the GaN layer and further influence the internal
quantum efficiency of the LED accordingly.

The lateral epitaxial growth of the GaN epitaxial layer on the substrate is commonly
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achieved by a process of lateral epitaxial overgrowth or suspension epitaxial growth so as
to reduce the density of defects in the epitaxial layer and improve the quality of crystal in
the epitaxial layer. However, the process includes two steps during which the growth of the
epitaxial layer may be disturbed. Moreover, the process is not only complicated but also
costs too much. Therefore, the fabricating and the application of such LEDs are limited.
The lateral epitaxial growth of the GaN layer may also be achieved by a substrate having
patterned areas. But the lateral epitaxial growth of the GaN layer may only be performed in
the patterned areas, while the lateral epitaxial growth may not be performed in the
remaining areas. In such remaining areas, the defect density is still very high, for example,
10°, and consequently existence of nonradiative recombination centers may be caused.
Accordingly, the internal quantum efficiency and the performance of the LED may be

reduced.

SUMMARY

The present application aims to overcome the problem of high density of defects in
the epitaxial layer on the substrate structure of an LED, and to provide a substrate
structure which improves the internal quantum efficiency and the performance of LEDs.
The method of forming the substrate structure and a chip comprising the substrate
structure are also provided.

According to an aspect of the present disclosure, a substrate structure may be
provided. The substrate structure may comprise: a substrate; and at least a groove
structure formed on a surface of the substrate, the groove structure having a lateral
epitaxial pattern in a cross section perpendicular to the surface of the substrate, in which
the lateral epitaxial pattern comprises: a first edge inclined with respect to the surface of
the substrate; a second edge adjacent to the first edge and parallel to the surface of the
substrate; a third edge parallel to the first edge, having a projection on the surface of the
substrate at least entirely covering the second edge; and a fourth edge adjacent to the
third edge, in which the second edge is the bottom of the groove structure; and an
intersection point between the second edge and the third edge on the second edge and an
injection of an intersection point between the third edge and the fourth edge on the second

edge are located on two sides of an intersection point between the first edge and the
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second edge, or the injection of the intersection point between the third edge and the
fourth edge on the second edge coincides with the intersection point between the first
edge and the second edge.

According to another aspect of the present disclosure, a method of forming the
substrate structure may be provided. The method may comprise the steps of: 1) providing
a substrate; 2) forming a first photoresist layer on a surface of the substrate; 3) exposing
and developing the first photoresist layer by a first mask, and an angle between the
surface of the substrate and a direction of incident lights in the exposing step being an
acute angle; 4) firstly dry etching the substrate to form at least a first groove, in which a
direction of the first dry etching is the same as the direction of the incident lights in the
exposing step in the step 3); 5) forming a second photoresist layer covering the surface
formed with the first groove; 6) exposing and developing the second photoresist layer by a
second mask, and forming the second photoresist layer above the first groove; and 7)
secondly dry etching the substrate to form at least a groove structure, the groove structure
having a lateral epitaxial pattern in a cross section perpendicular to the surface of the
substrate, and a direction of the second dry etching in the step 7) being the same as a
direction of incident lights in the exposing step in the step 6), in which the lateral epitaxial
pattern comprises: a first edge inclined with respect to the surface of the substrate; a
second edge adjacent to the first edge and parallel to the surface of the substrate; a third
edge parallel to the first edge, having a projection on the surface of the substrate at least
entirely covering the second edge; and a fourth edge adjacent to the third edge, in which
the second edge is the bottom of the groove structure; and an intersection point between
the second edge and the third edge on the second edge and an injection of an intersection
point between the third edge and the fourth edge on the second edge are located on two
sides of an intersection point between the first edge and the second edge, or the injection
of the intersection point between the third edge and the fourth edge on the second edge
coincides with the intersection point between the first edge and the second edge.

According to yet another aspect of the present disclosure, a chip may be provided.
The chip may comprise a substrate structure described above, and an LED structure
formed on the substrate structure.

In the initial growth period, the growth of the GaN epitaxial layer is limited in an area
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formed by the first edge, the second edge and the third edge. Because the intersection
point between the second edge and the third edge on the second edge and the injection of
the intersection point between the third edge and the fourth edge on the second edge may
be located on two sides of an intersection point between the first edge and the second
edge, or the injection of the intersection point between the third edge and the fourth edge
on the second edge may coincide with the intersection point between the first edge and
the second edge, the growth of the GaN epitaxial layer in a perpendicular direction may be
prevented by the intersection point between the third edge and the fourth edge. Therefore,
the GaN epitaxial layer may be only grown laterally, so that the lateral epitaxial growth of
the GaN epitaxial layer in the groove structures may be achieved by the substrate
structure having a groove structure having a lateral epitaxial pattern in a cross section.
Accordingly, the density of defects in the epitaxial layer may be reduced, and the quality of
crystal in the epitaxial layer may be improved, and consequently the internal quantum
efficiency and the performance of the LED may be improved.

Additional aspects and advantages of the embodiments of the present disclosure will
be given in part in the following descriptions, become apparent in part from the following

descriptions, or be learned from the practice of the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the present disclosure will become
apparent and more readily appreciated from the following descriptions taken in
conjunction with the drawings in which:

Fig. 1 is a cross-sectional view of a substrate structure according to an embodiment of
the present disclosure;

Fig. 2 is a top view of the substrate structure in Fig. 1;

Fig. 3 is a cross-sectional view of a substrate structure according to another
embodiment of the present disclosure;

Fig. 4 is a cross-sectional view of a substrate structure according to yet another
embodiment of the present disclosure;

Fig. 5 is a cross-sectional view of a substrate structure formed with a first photoresist

layer according to an embodiment of the present disclosure;
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Fig. 6 is a cross-sectional view of a substrate structure after a first etching according
to an embodiment of the present disclosure;

Fig. 7 is a cross-sectional view of a substrate structure formed with a second
photoresist layer according to an embodiment of the present disclosure;

Fig. 8 is a cross-sectional view of a substrate structure formed with a second
photoresist layer according to another embodiment of the present disclosure;

Fig. 9 is a cross-sectional view of a chip according to an embodiment of the present
disclosure;

Fig. 10 is a flow chart of a method of forming a chip according to an embodiment of
the present disclosure; and

Fig. 11 is a flow chart of a method of forming a substrate structure according to an

embodiment of the present disclosure.

DETAILED DESCRIPTION

Reference will be made in detail to embodiments of the present disclosure. The
embodiments described herein are explanatory, illustrative, and used to generally
understand the present disclosure. The embodiments shall not be construed to limit the
present disclosure. The same or similar elements and the elements having same or similar
functions are denoted by like reference numerals throughout the descriptions.

According to an aspect of the present disclosure, a substrate structure is provided. As
shown in Figs. 1, 2, the substrate structure comprises a substrate 11, and a groove
structure 12 formed on a surface of the substrate 11. The groove structure 12 has a lateral
epitaxial pattern in a cross section perpendicular to the surface of the substrate 11. The
substrate 11 may be formed by any material known to those skilled in the art, for example,
sapphire, silicon carbide or silicon, preferably sapphire. There are no limits on the shape of
the substrate 11, and any shape such as a round shape or a square shape may be used.
The thickness of the substrate structure 11 may be in a range of 70 ym to120 pm.

The lateral epitaxial pattern comprises a first edge 121, a second edge 122, a third
edge 123, and a fourth edge 124. The first edge 121 is inclined with respect to the surface
of the substrate 11. The second edge 122 is adjacent to the first edge 121 and parallel to

the surface of the substrate 11. The third edge 123 is parallel to the first edge 121, having
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a projection C on the surface of the substrate 11 at least entirely covering the second edge
122. The fourth edge 124 is adjacent to the third edge 123. The first edge 121 and the
third edge 123 may be inclined with respect to the second edge 122 from left to right as
shown in Fig. 1, thus forming an obtuse angle between the first edge 121 and the second
edge 122. The first edge 121 and the third edge 123 may also be inclined with respect to
the second edge 122 from right to left as shown in Fig. 4, thus forming an acute angle
between the first edge 121 and the second edge 122. The second edge 122 is the bottom
of the groove structure 12. In one embodiment, an intersection point C between the
second edge 122 and the third edge 123 on the second edge 122 and an injection of an
intersection point D between the third edge 123 and the fourth edge 124 on the second
edge 122 may be located on two sides of an intersection point B between the first edge
121 and the second edge 122. In another embodiment, the injection of the intersection
point D between the third edge 123 and the fourth edge 124 on the second edge 122 may
coincide with the intersection point B between the first edge 121 and the second edge 122.
In a further embodiment, a perpendicular foot of the fourth edge 124 on the second edge
122 may coincide with the injection of the intersection point D between the third edge 123
and the fourth edge 124 on the second edge 122. That is, the fourth edge 124 is
perpendicular to the second edge 122. In one embodiment, the perpendicular foot of the
fourth edge 124 on the second edge 122 may coincide with the intersection point B
between the first edge 121 and the second edge 122. That is, a line for connecting the
intersection point B between the first edge 121 and the second edge 122 with the
intersection point D between the third edge 123 and the fourth edge 124 is perpendicular
to the surface of the substrate 11.

In one embodiment, an angle between the second edge 122 and the fourth edge 124
may be an acute angle. In another embodiment, the angle between the second edge 122
and the fourth edge 124 may be an obtuse angle. In a further embodiment, the second
edge 122 is perpendicular to the fourth edge 124, thus further decreasing the density of
defects in the epitaxial layer.

For a patterned substrate structure, a GaN epitaxial layer may be grown in the groove
structure having a lateral epitaxial pattern in a cross section. In one embodiment, the GaN

epitaxial layer is grown in the groove structure 12. In the initial growth period, the growth of
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the GaN epitaxial layer is limited in an area formed by the first edge 121, the second edge
122 and the third edge 123. Because the intersection point C between the second edge
122 and the third edge 123 on the second edge 122 and the injection of the intersection
point D between the third edge 123 and the fourth edge 124 on the second edge 122 may
be located on two sides of an intersection point B between the first edge 121 and the
second edge 122, or the injection of the intersection point D between the third edge 123
and the fourth edge 124 on the second edge 122 may coincide with the intersection point
B between the first edge 121 and the second edge 122, the growth of the GaN epitaxial
layer in a perpendicular direction may be prevented by the intersection point D between
the third edge 123 and the fourth edge 124. Therefore, the GaN epitaxial layer may be
only grown laterally, so that the lateral epitaxial growth of the GaN epitaxial layer in the
groove structures may be achieved by the substrate structure having a groove structure
having a lateral epitaxial pattern in a cross section. Accordingly, the density of defects in
the epitaxial layer may be reduced, and the quality of crystal in the epitaxial layer may be
improved, and consequently the internal quantum efficiency and the performance of the
LED may be improved.

In one embodiment, in order to form a groove structure 12 on the entire substrate 11,
at least two groove structures 12 may be formed in a width direction of the substrate 11,
and the at least two groove structures 12 extend in a longitudinal direction of the substrate
11, as shown in Fig. 3. In one embodiment, a free point F on the fourth edge 124 of a
former groove structure may connect with a free point E on the first edge 121 of a later
groove structure, as shown in Fig. 3, to improve the utilization ratio of the substrate 11. In
an alternative embodiment, the free point F on the fourth edge 124 of the former groove
structure may coincide with the free point E on the first edge 121 of the later groove
structure, as shown in Fig. 1. Referring to Fig. 1, two adjacent groove structures 12 are
directly connected with each other with no gaps therebetween. Thus, the utilization ratio of
the substrate 11 may be further improved.

In one embodiment, an angle between the first edge 121 and the second edge 122
may range from about 30° to about 60°. In an alternative embodiment, the angle between
the first edge 121 and the second edge 122 may be about 43.5°. Thus, the GaN epitaxial
layer may be grown on the first edge 121. The first edge 121 is parallel to the third edge
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123, and therefore a sum of the angle between the first edge 121 and the second edge
122 and an angle between the third edge 123 and the second edge 122 is 180°.

In one embodiment, the second edge 122 may have a length ranging from about 0.01
um to about 2.00 um. In an alternative embodiment, the second edge 122 may have a
length ranging from about 0.6 ym to about 0.8 um. In this way, more groove structures 12
may be formed in a substrate 11 with a predetermined size. Therefore, the lateral epitaxial
area may be increased to a greater extent, so the density of defects in the epitaxial layer
formed on the substrate 11 may be reduced, and the quality of crystal may be improved.
Thus, the internal quantum efficiency and the performance of the LED may be improved.
Furthermore, the combination of GaN epitaxial layers formed in two adjacent groove
structures may be facilitated, thus further improving the quality of crystal and improving the
performance and the internal quantum efficiency of the LED.

In one embodiment, a length of an opening of the groove structure 12, i.e., a distance
between the free point E on the first edge 121 of the groove structure and the free point F
on the fourth edge 124 of the groove structure, may range from about 0.6 um to about 3.00
Kum. In an alternative embodiment, the length of the opening of the groove structure 12
may range from about 1.2 ym to about 1.5 ym. In this way, the lateral epitaxial area may
be increased to a greater extent and the combination of GaN epitaxial layers formed in two
adjacent groove structures may be facilitated, thus further improving the quality of crystal.

According to another aspect of the present disclosure, a method of forming the
substrate structure described above is provided. Referring to Fig. 11, the method
comprises the steps of:

step 1), providing a substrate 11;

step 2), forming a first photoresist layer 13 on a surface of the substrate 11;

step 3), exposing and developing the first photoresist layer 13 by a first mask, and an
angle between a direction of the incident lights and the top surface of the substrate
structure 11 being an acute angle;

step 4), firstly dry etching the substrate structure 11 to form at least a first groove 15,
in which a direction of the first dry etching is the same as the direction of the incident lights
in the exposing step in the step 3);

step 5), forming a second photoresist layer 14 covering the surface formed with the
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first groove 15;

step 6), exposing and developing the second photoresist layer 14 by a second mask,
forming the second photoresist layer 14 above the first groove 15; and

step 7), secondly dry etching the substrate 11 to form at least a groove structure 12, in
which a direction of the second dry etching is the same as a direction of incident lights in
the exposing step in step 6), the groove structure 12 has a lateral epitaxial pattern in a
cross section perpendicular to the surface of the substrate 11, and the epitaxial pattern
comprises a first edge 121, a second edge 122, a third edge 123, and a fourth edge 124,
in which the first edge 121 is inclined with respect to the surface of the substrate 11, the
second edge 122 is adjacent to the first edge 121 and parallel to the surface of the
substrate 11, the third edge 123 is parallel to the first edge 121, having a projection on the
surface of the substrate 11 at least entirely covering the second edge 122, and the fourth
edge 124 is adjacent to the third edge 123.

In one embodiment, an intersection point C between the second edge 122 and the
third edge 123 on the second edge 122 and an injection of an intersection point D between
the third edge 123 and the fourth edge 124 on the second edge 122 may be located on
two sides of an intersection point B between the first edge 121 and the second edge 122.
In another embodiment, the injection of the intersection point D between the third edge
123 and the fourth edge 124 on the second edge 122 may coincide with the intersection
point B between the first edge 121 and the second edge 122.

In one embodiment, the substrate 11 in the step 1) may be any conventional LED
substrate, for example, one selected from the group consisting of a sapphire substrate, a
silicon carbide substrate, and a silicon substrate. In an alternative embodiment, the
substrate 11 is a sapphire substrate. There are no limits on the shape of the substrate 11,
and any shape such as a round shape or a square shape may be used. In one
embodiment, the thickness of the substrate 11 may range from about 70 um to about 120
um.

In one embodiment, in the step 3), the first mask may comprise a base plate and a
plurality of strip through holes formed in the base plate. The angle between the direction of
the incident lights and the top surface of the substrate 11 may be an acute angle, thus

forming a first photoresist layer 13 on the substrate 11, as shown in Fig. 5. Referring to Fig.
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5, a cross section of the first photoresist layer 13 is a parallelogram, in which two opposite
edges (i.e., a top edge and a lower edge) are parallel to the surface of the substrate 11, a
first edge (the top edge) may coincide with the surface of the substrate 11, and the second
edge (the lower edge) is located below the first edge. In one embodiment, the distance
between every two adjacent through holes in the first mask may equal to the distance a
between two adjacent a of the remaining first photoresist layers 13 formed on the
substrate 11, and the width of each through hole may equal to the width b of the exposed
first photoresist layer 13. In this way, the distance a and the width b may be adjusted by
changing the distance between two adjacent through holes and the width of each through
hole.

In one embodiment, the angle between the direction of the incident lights and the
surface of the substrate may range from about 30° to about 60°, alternatively 43.5°, in the
exposing step in the step 3). The direction of the incident light may be a direction shown by
arrows in Fig. 5. Alternatively, by taking the normal line of the incident lights as a
symmetric axis, a direction symmetric to the direction shown by arrows in Fig. 5 may also
be the direction of the incident lights in the exposing step in the step 3). In one
embodiment, if the incident lights are applied to the substrate 11 in the direction symmetric
to the direction shown by arrows in Fig. 5 and then the steps 4) to 8) are performed, then a
substrate structure shown in Fig. 4 may be fabricated.

In one embodiment, if the first photoresist layer 13 shown in Fig. 5 is formed on the
substrate 11 and the direction of the first dry etching in the step 4) may be the same as the
direction of the incident lights in the exposing step in the step 3), then the shape of the first
groove 15 formed on the substrate 11 may be the same as that of the remaining first
photoresist layer 13, as shown in Fig. 6.

In one embodiment, a second photoresist layer 14 may be formed on the substrate 11
shown in Fig. 6, as shown in Fig. 7.

In one embodiment, the direction of the incident lights in the step 6) is perpendicular
to the surface of the substrate 11, which may simplify the fabricating process of the
substrate structure 1. Therefore, in the step 7), the direction of the second dry etching is
also perpendicular to the surface of the substrate 11. In this way, at least a groove

structure 12 having a lateral epitaxial pattern in a cross section may be formed in the
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substrate 11.

In one embodiment, the second mask may comprise a base plate and a plurality of
strip through holes formed in the base plate. The step 6) may comprise: covering the
substrate 11 by the second mask, with the through holes in the second mask aligned with
a portion of the substrate 11 between every two adjacent first grooves 15; and exposing
and developing the second photoresist layer 14.

In one embodiment, the second photoresist layer 14 may be exposed and developed
by the second mask. The second mask may comprise a base plate and a plurality of strip
through holes formed in the base plate. The width of the exposed second photoresist layer
14 may be equal to the width of each strip through hole, and the width of the remaining
second photoresist layer 14 may be equal to the distance between every two adjacent
through holes. In the exposing step in the step 6), the incident lights may be applied on the
substrate 11 covered by the second mask in a direction perpendicular to the surface of the
substrate 11, with the through holes in the second mask aligned with a portion of the
substrate 11 between every two adjacent first grooves 15. Therefore, the through holes in
the second mask may not be located above the plurality of first grooves 15, and the
second photoresist layer 14 shown in Fig. 8 may be formed on the substrate 11. Referring
to Fig. 8, after the exposing step in the step 6), the remaining second photoresist layer 14
is formed above the portion of the substrate 11 between two adjacent first grooves 15. The
second photoresist layer 14 has a rectangular cross section. In one embodiment, if the
width of each through hole in the second mask is smaller than the distance between every
two adjacent first grooves 15, when the etching in the step 7) is performed, the top section
of the substrate 11 between two adjacent first grooves 15 may not be removed by etching.
Thus, an intersection part may be formed between two adjacent groove structures 12. In
one embodiment, the distance between two adjacent through holes in the second mask
may equal to the distance between two adjacent first grooves 15 to reduce the density of
defects in the epitaxial layer on the substrate 11. After the second dry etching in the step 7)
is performed, a substrate structure 1 shown in Fig. 1 may be formed. In this way, the
utilization ratio of the substrate is improved, and the density of defects in the epitaxial layer
is reduced. In one embodiment, the first mask and the second mask may have a same

structure, and consequently in the exposing step in the step 6), the first mask may be
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moved with respect to the second mask so as to fabricate the substrate structure having a
lateral epitaxial pattern in a cross section.

In one embodiment, the step 4) may further comprise a step of cleaning the substrate
11 to remove the extra first photoresist layer 13 after the first dry etching.

In one embodiment, the step 8) may further comprise a step of cleaning the substrate
11 to remove the extra second photoresist layer 14 after the second dry etching.

Cleaning the substrate 11 to remove the extrafirst photoresist layer 13 may favor the
subsequent steps of forming the second photoresist layer 14 and the second dry etching,
and cleaning the substrate 11 to remove the extra second photoresist layer 14 may favor
the formation of the groove structure 12 having a lateral epitaxial pattern in a cross
section.

According to a further aspect of the present disclosure, a chip comprising the
substrate structure described above is provided. Referring to Fig. 9, the chip comprises a
substrate structure 1 having a lateral epitaxial pattern in a cross section, and an LED
structure formed on the substrate structure 1. The LED structure comprises: an N-type
GaN layer 4 formed on the substrate structure 1, a multiple quantum well luminous layer 5
formed on the N-type GaN layer 4, a P-type GaN layer formed on the multiple quantum
well luminous layer 5, a conductive layer formed on the P-type GaN layer, a metal
P-electrode 10 connected with the conductive layer, and a metal N-electrode 21
connected with the N-type GaN layer 4. Because the N-type GaN layer 4 grown on the
substrate structure 1 may only grow laterally in the groove structure 12, the density of
defects in the epitaxial layer is reduced, and the quality of crystal in the epitaxial layer is
improved. Therefore, the performance and the internal quantum efficiency of the LED chip
are both improved.

In one embodiment, the LED chip further comprises a GaN nucleation layer 2 and an
intrinsic GaN layer 3 formed between the substrate structure 1 and the N-type GaN layer 4.
The GaN nucleation layer 2 may be formed on the substrate structure 1 by metal organic
compound vapor deposition. The formation of the GaN nucleation layer 2 may reduce the
crystal lattice mismatch between the substrate structure 1 and the GaN eptitaxial layer 4,
and release the stress, and thus the quality of crystal in the GaN epitaxial layer 4 may be

improved. During the growth of intrinsic GaN layer, the lateral epitaxial growth of GaN

12



10

15

20

25

30

WO 2012/116607 PCT/CN2012/071402

layers above the groove structure 12 of the substrate structure 1 may be achieved by
controlling process parameters, such as a temperature, a pressure and a proportion of
group IlI/V compounds. The intrinsic GaN layer 3 may improve the electro-static discharge
(ESD) performance of the LED. In one embodiment, the N-type GaN layer 4 may be a
silicon-doped N-type GaN layer.

In one embodiment, the chip may comprise an AlGaN electron barrier layer 6 formed
between the multiple quantum well luminous layer 5 and the P-type GaN layer. The AlGaN
electron barrier layer 6 may prevent electrons in the multiple quantum well from diffusing
toward the P-type GaN layer, thus improving the internal quantum efficiency. In one
embodiment, the multiple quantum well luminous layer 5 may be an In.GaixN/GaN
multiple quantum well luminous layer. The multiple quantum well luminous layer 5 may
have be selected from the group consisting of: an InyGaiN/GaN layer (0<<x<<1), an
InyGa1xN/Al,GaryN layer (0<x<<1, 0<<y<{1), an AlLGa,Ini,N/GaN layer (0<x<<1, 0<y
<1, x+ty<<1), and an AliGaylniyN/Al;Gai-N layer (0<x<1, O0<y<1, x+ty<<1, z<1). A
well layer in the quantum well may have a thickness ranging from about 2 nm to about 3
nm, and a barrier layer in the quantum well may have a thickness ranging from about 8 nm
to about 15 nm. The period of the quantum well may be 5 cycles to 7 cycles. The growing
temperature of the multiple quantum well may range from about 700°C to about 850°C.

In one embodiment, the P-type GaN layer may comprise a Mg-doped P-type GaN
layer 7 formed on the multiple quantum well luminous layer 5. In another embodiment, the
Mg-doped P-type GaN layer 7 may be formed on the AlGaN electron barrier layer 6. The
Mg-doped P-type GaN layer 7 may improve the ohm contact between the epitaxial layer
and the conductive layer. In a further embodiment, the chip may further comprise a heavily
doped P-type InGaN layer 8 formed on the Mg-doped GaN layer 7, and the conductive
layer may be grown on the heavily doped P-type InGaN layer 8. In one embodiment, the
conductive layer may be a transparent conductive layer 9, and the transparent conductive
layer 9 may be formed by a material selected from the group consisting of: ITO (indium tin
oxide), and one selected from a CTO alloy, a ZnO /Al alloy, a Ni/Au alloy, a Ni/Pd/Au alloy,
and a Pt/Au alloy.

In one embodiment, the metal P-electrode 10 may be formed by a Ti/Au alloy, or an

alloy comprising at least two metals selected from the group consisting of: Ni, Au, Al, Ti,
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Pd, Pt, Sn, and Cr. The metal P-electrode 10 may have a thickness of about 0.2 ym to
about 1 ym. In one embodiment, the metal N-electrode 21 may be formed by a Ti/Al alloy,
or an alloy comprising at least two metals selected from the group consisting of: Ti, Al, Au,
Pt, and Sn. The metal N-electrode 21 may have a thickness of about 0.2 um to about 1
um.

According to a further aspect of the present disclosure, a method of forming the chip
described above is provided. As shown in Fig. 10, a flow chart of forming the chip is
illustrated, which comprises the steps of:

step 11), dry etching the substrate structure 1 to form at least a groove structure in a
surface of the substrate structure 1, the groove structure having a lateral epitaxial pattern
in a cross section, and the method of forming the substrate structure 1 being shown in Fig.
11;

step 12), forming a GaN nucleation layer 2 on the substrate structure 1 by metal
organic compound vapor deposition;

step 13), forming an intrinsic GaN layer 3 on the GaN nucleation layer 2 at a high
temperature;

step 14), forming a silicon-doped N-type GaN layer 4 on the intrinsic GaN layer 3;

step 15), forming a multiple quantum well luminous layer 5 on the N-type GaN layer 4,

step 16), forming a AlGaN electron barrier layer 6 on the multiple quantum well
luminous layer 5;

step 17), forming a Mg-doped P-type GaN layer 7 on the AlGaN electron barrier layer

step 18), forming a heavily doped P-type InGaN layer 8 on the Mg-doped P-type GaN
layer 7;

step 19), activating the Mg-doped P-type GaN layer 7 and the heavily doped P-type
InGaN layer 8;

step 20), forming a transparent conductive layer 9 on the heavily doped P-type InGaN
layer 8 by evaporation;

step 21), dry etching a portion of the transparent conductive layer 9, the heavily
doped P-type InGaN layer 8, the Mg-doped P-type GaN layer 7, the AlGaN electron barrier

layer 6, and the multiple quantum well luminous layer 5 to expose a portion of the N-type
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GaN layer 4;

step 22), forming a metal P-electrode 10 on the transparent conductive layer 9 by
evaporation; and

step 23), forming a metal N-electrode 21 on the exposed portion of the N-type GaN
layer 4.

In one embodiment, the activating in the step 19) may be performed by annealing the
Mg-doped P-type GaN layer 7 or the heavily doped P-type InGaN layer 8 rapidly at a
temperature of about 600°C to about 800°C under vacuum or nitrogen atmosphere. In
another embodiment, the activating in the step 19) may be performed by ion beam
bombardment.

Although explanatory embodiments have been shown and described, it would be
appreciated by those skilled in the art that changes, alternatives, and modifications may
be made in the embodiments without departing from spirit and principles of the disclosure.
The changes, alternatives, and modifications all fall into the scope of the claims and their

equivalents.
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WHAT IS CLAIMED IS:

1. A substrate structure, comprising:

a substrate; and

at least a groove structure formed on a surface of the substrate, the groove structure
having a lateral epitaxial pattern in a cross section perpendicular to the surface of the
substrate,

wherein the lateral epitaxial pattern comprises:

a first edge inclined with respect to the surface of the substrate;

a second edge adjacent to the first edge and parallel to the surface of the substrate;

a third edge parallel to the first edge, having a projection on the surface of the
substrate at least entirely covering the second edge; and

a fourth edge adjacent to the third edge,

in which the second edge is the bottom of the groove structure; and an intersection
point (C) between the second edge and the third edge on the second edge and an
injection of an intersection point (D) between the third edge and the fourth edge on the
second edge are located on two sides of an intersection point (B) between the first edge
and the second edge, or the injection of the intersection point (D) between the third edge
and the fourth edge on the second edge coincides with the intersection point (B) between

the first edge and the second edge.

2. The substrate structure according to claim 1, wherein the fourth edge is

perpendicular to the second edge.

3. The substrate structure according to any one of claims 1 to 2, wherein at least two
groove structures are formed on the substrate, and a free point (F) on the fourth edge of a
former groove structure connects with a free point (E) on the first edge of a later groove

structure.

4. The substrate structure according to any one of claims 1 to 2, wherein an angle

between the first edge and the second edge ranges from about 30° to about 60°.
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5. The substrate structure according to any one of claims 1 to 2, wherein a length of

the second edge ranges from about 0.01 um to about 2.00 um.

6. The substrate structure according to any one of claims 1 to 2, wherein a distance
between a free point (E) on the first edge of the groove structure and a free point (F) on

the fourth edge of the groove structure ranges from 0.6 um to about 3.00 um.

7. The substrate structure according to claim 1, wherein the substrate is a sapphire

substrate.

8. A method of forming a substrate structure, comprising the steps of:

1) providing a substrate;

2) forming a first photoresist layer on a surface of the substrate;

3) exposing and developing the first photoresist layer by a first mask, and an angle
between the surface of the substrate and a direction of incident lights in the exposing step
being an acute angle;

4) firstly dry etching the substrate to form at least a first groove, in which a direction of
the first dry etching is the same as the direction of the incident lights in the exposing step
in the step 3);

5) forming a second photoresist layer covering the surface formed with the first
groove;

6) exposing and developing the second photoresist layer by a second mask, and
forming the second photoresist layer above the first groove; and

7) secondly dry etching the substrate to form at least a groove structure, the groove
structure having a lateral epitaxial pattern in a cross section perpendicular to the surface of
the substrate, and a direction of the second dry etching in the step 7) being the same as a
direction of incident lights in the exposing step in the step 6),

wherein the lateral epitaxial pattern comprises:

a first edge inclined with respect to the surface of the substrate;

a second edge adjacent to the first edge and parallel to the surface of the substrate;

a third edge parallel to the first edge, having a projection on the surface of the
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substrate at least entirely covering the second edge; and

a fourth edge adjacent to the third edge,

in which the second edge is the bottom of the groove structure; and an intersection
point (C) between the second edge and the third edge on the second edge and an
injection of an intersection point (D) between the third edge and the fourth edge on the
second edge are located on two sides of an intersection point (B) between the first edge
and the second edge, or the injection of the intersection point (D) between the third edge
and the fourth edge on the second edge coincides with the intersection point (B)

between the first edge and the second edge.

9. The method according to claim 8, wherein the direction of the incident lights is

perpendicular to the surface of the substrate in the step 6).

10. The method according to claim 8, wherein the step 4) further comprises:
cleaning the substrate to remove the extra first photoresist layer after the first dry

etching.

11. The method according to claim 8, wherein the step 7) further comprises:
cleaning the substrate to remove the extra second photoresist layer after the second

dry etching.

12. The method according to claim 8, wherein the first mask and the second mask
each comprises:
a base plate;

at least a strip hole formed in the base plate.

13. The method according to claim 12, wherein the fourth edge is perpendicular to the

second edge.

14. The method according to claim 12, wherein an angle between the direction of the

incident lights and the surface of the substrate ranges from about 30° to about 60°.
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15. A chip, comprising:
a substrate structure according to any one of claims 1-7; and

an LED structure formed on the substrate structure.

16. The chip according to claim 15, wherein the LED structure comprises:
an N-type GaN layer formed on the substrate structure ;

a multiple quantum well luminous layer formed on the N-type GaN layer;
a P-type GaN layer formed on the multiple quantum well luminous layer;
a conductive layer formed on the P-type GaN layer;

a metal P-electrode connected with the conductive layer; and

a metal N-electrode connected with the N-type GaN layer.

17. The chip according to claim 16, further comprising:
a GaN nucleation layer and an intrinsic GaN layer formed between the substrate

structure and the N-type GaN layer.
18. The chip according to claim 17, further comprising:
a AlGaN electron barrier layer formed between the multiple quantum well luminous

layer and the P-type GaN layer.

19. The chip according to claim 17, wherein the P-type GaN layer comprises a

Mg-doped P-type GaN layer formed on the multiple quantum well luminous layer.

19



WO 2012/116607

PCT/CN2012/071402

12

Fig. 1

Fig. 2

177



WO 2012/116607 PCT/CN2012/071402

Fig. 3

/ )/)/ 0202:2:2/7

Fig. 4

2/7



WO 2012/116607 PCT/CN2012/071402

0NN
MNDNNNRRE

11

Fig. 5

Fig. 6

3/7



WO 2012/116607 PCT/CN2012/071402

14

15

il

7

11

Fig. 7

NI

15\

11

Fig. 8

477



WO 2012/116607

PCT/CN2012/071402
10
f//g
——8
417
—+- 3 21
| il
f’/x’- 4
Y g
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, )
UAUARAARREETENERREAHEIDARAEAAT ARSI AR NI RANY 1
/’_/’"H

Fig. 9

5/7



WO 2012/116607 PCT/CN2012/071402

forming at least a groove structure in a surface of the Step 11
substrate structure ~N— otep

!

forming a GaN nucleation layer on the substrate structure ~— Step 12

forming an intrinsic GaN layer on the GaN nucleation layer
~__~ Step 13

forming a silicon-doped N-type GaN layer on the intrinsic
GaN layer ~N—— Step 14

forming a multiple quantum well luminous layer on the
N-type GaN layer

forming an AlGaN electron barrier layer on the multiple Step 16
quantum well luminous layer ~N— ©olep

forming a Mg-doped P-type GaN layer on the AlGaN
electron barrier layer T~

'

forming a heavily doped P-type InGaN layer on the\
Mag-doped P-type GaN layer

activating the Mg-doped P-type GaN layer and the heavily\
doped P-type InGaN layer

forming a transparent conductive layer on the heavily\
doped P-type InGaN layer

exposing a portion of the N-type GaN layer N Step 21

'

:‘orming a metal P-electrode on the transparent conductive | Step 22
ayer

forming a metal N-electrode on the exposed portion of the\\/ Step 23
N-type GaN layer

— Step 15

Step 17

- Step 18

__~ Step 19

- Step 20

Fig. 10

6/7



WO 2012/116607 PCT/CN2012/071402

providing a substrate < Step1

'

forming a first photoresist layer on a surface of the _|
substrate

- Step 2

A

exposing and developing the first photoresist layer -

v

firstly dry etching the substrate to form at least a
first groove N~ Step 4

forming a second photoresist layer covering the\
surface formed with the first groove

v

exposing and developing the second photoresist
layer

secondly dry etching the substrate to form a Step 7
plurality of groove structures T oteP

- Step 3

__~ Step 5

~__~ Step 6

Fig. 11

717



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2012/071402

A. CLASSIFICATION OF SUBJECT MATTER

HO1L 33/20(2010.01)
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: HOIL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)DWPIL,

CNABS,TWABS,CNKI: sapphire, substrate, pattern, lateral, epitaxial, hackle, zigzag, serrate, indent ,jag, saw tooth, LED, light emit,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A [US2003/0162340A1(TEZEN) 28 Aug. 2003(28.08.2003) paragraph 0022-0024,FIG.1a-1d 1-19

A [US2011012109 A1(APPLIED MATERIALS INC)20 Jan 2011(20.01.2011) the whole 1-19
document

A CN101090143A(WU DONGXING)19 Dec. 2007(19.12.2007) the whole document 1-19

A CN101345274 A(INST OF SEMICONDUCTORS CAS) 14 Jan. 2009 (14.01.2009) the whole 1-19
document

A CN101685768 A(UNIV BEIJING)31 Mar. 2010(31.03.2010) the whole document 1-19

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not
considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim (S) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or
other means

“P” document published prior to the international filing date
but later than the priority date claimed

“T> later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person
skilled in the art

“& “document member of the same patent family

Date of the actual completion of the international search
17 May 2012(17.05.2012)

Date of mailing of the international search report

31 May 2012 (31.05.2012)

IName and mailing address of the ISA/CN

The State Intellectual Property Office, the PR.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

[Facsimile No. 86-10-62019451

Authorized officer
TANGJunfeng
Telephone No. (86-10)62411574

Form PCT/ISA /210 (second sheet) (July 2009)




INTERNATTIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2012/071402
Patent Documents referred Publication Date Patent Family Publication Date
in the Report

US2003/0162340A1 28.08.2003 JP2001267242 A 28.09.2001

US2006060866 Al 23.03.2006

CN1429402 A 09.07.2003

EP1265272 Al 11.12.2002

KR100623558B1 18.09.2006

US7462867 B2 09.12.2008

KR20020084193 A 04.11.2002

CN1624876 A 08.06.2005

KR20060019614 A 03.03.2006

CN100461340C 11.02.2009

CN1274008C 06.09.2006

KR100623564B1 13.09.2006

AU3416901 A 24.09.2001

US6967122 B2 22.11.2005

IP4487654B2 23.06.2010

WO0169662 Al 20.09.2001

JP2004289180 A 14.10.2004

US2011012109 A1l 20.01.2011 WO2011009093 A2 20.01.2011

WO2011009093 A3 28.04.2011

TW201115630A1 01.05.2011

CN101090143A 19.12.2007 CN100490196C 20.05.2009

CN101345274 A 14.01.2009 CN100563036C 25.11.2009
CN101685768 A 31.03.2010 NONE

Form PCT/ISA /210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

