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(57) ABSTRACT 

A structure for the n-type contact layer in the GaN-based 
MQW LEDs is provided. Instead of using Si-doped GaN as 
commonly found in conventional GaN-based MQW LEDs, 
the n-type contact layer provided by the present invention 
achieves high doping density (>l><l0l9 cm_3) and loW resis 
tivity through a superlattice structure combining tWo types 
of materials, AlmInnGa1_m_nN and AlpInqGa1_p_qN (Oém, 
n<l, 0<p, q<l, p+q§ l, m<p), each having its speci?c 
composition and doping density. In addition, by controlling 
the composition of Al, In, and Ga in the tWo materials, the 
n-type contact layer Would have a compatible lattice con 
stant With the substrate and the epitaxial structure of the 
GaN-based MQW LEDs. This n-type contact layer, there 
fore, Would not chap from the heavy Si doping, have a 
superior quality, and reduce the dif?culties of forming n-type 
ohmic contact electrode. In turn, the GaN-based MQW 
LEDs Would require a loWer operation voltage. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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GALLIUM-NITRIDE BASED MULTI-QUANTUM 
WELL LIGHT-EMITTING DIODE N-TYPE 

CONTACT LAYER STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to the gal 
lium-nitride based multi-quantum Well light-emitting diodes 
and, more particularly, to the n-type contact layer structure 
of the gallium-nitride based multi-quantum Well light-emit 
ting diodes. 

[0003] 2. The Prior Arts 

[0004] Gallium-nitride (GaN) materials can achieve a 
Wide range of band gaps by controlling the GaN-based 
materials’ compositions. As such, various colored light 
emitting diodes (LEDs), especially those blue or purple light 
LEDs that require Wide band gaps, can be produced using 
GaN-based materials. These GaN-based LEDs therefore 
have been the research and development focus in recent 
years. 

[0005] Within conventional GaN-based LEDs, the active 
layers usually adopt a multi-quantum Well (MQW) structure 
With GaN and indium-gallium-nitride (InXGal_XN, Oéxé 1) 
as potential Wells. Photons are then generated through the 
recombination of the electrons and holes Within the potential 
Wells. Inside these conventional GaN-based MQW LEDs, 
the active layers are usually formed on top of an n-type 
contact layer made of n-type doped GaN. 

[0006] Usually, in order to achieve loW resistivity, the 
n-type lgiaN contact layer is heavily silicon (Si) doped 
(>1><10 cm_3). HoWever, it is observed that, during practi 
cal fabricating processes, the n-type GaN contact layer 
Would be easily chapped and snapped, as the heavy Si 
doping causes incompatible lattice constants among the 
epitaxial layers of the GaN-based MQW LEDs, that, in turn, 
causes excessive stress to develop and accumulate. These 
undesirable results not only affect the epitaxial quality of the 
GaN-based MQW LEDs, but also add additional dif?culties 
in the formation of the n-type ohmic contact electrode on top 
of the n-type GaN contact layer. In summary, these short 
comings Would result in an inferior electrical characteristics 
or conductivity in the GaN-based MQW LEDs. In the Worst 
case, the GaN-based MQW LEDs Would be un-useable. 
Therefore, the GaN-based MQW LEDs containing this type 
of conventional n-type GaN contact layers, on one hand, 
require a higher operation voltage and, thereby, consume 
more poWers. On the other hand, the GaN-based MQW 
LEDs Would have a loW yield rate, causing the production 
cost to rise. 

[0007] Additionally, pin holes are easier to form in the 
heavily Si-doped n-type GaN contact layer, causing the 
semiconducting characteristics of the GaN-based MQW 
LEDs to deteriorate. Current leakage is also possible during 
the operation of the GaN-based MQW LEDs. 

[0008] Accordingly, the present invention is directed to 
overcome the foregoing disadvantages of conventional 
GaN-based MQW LEDs according to prior arts. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides an epitaxial struc 
ture for the GaN-based MQW LEDs’ n-type GaN contact 
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layers, so that the limitations and disadvantages from the 
prior arts can be obviated practically. 

[0010] The theory behind the present invention Would be 
apparent from a study of the attached FIG. 1. FIG. 1 is a 
graph shoWing group III nitrides in a coordinate system of 
lattice constant and band gap. As shoWn in FIG. 1, GaN has 
a lattice constant aO around 3.18 A. Extended from GaN’s 
position in FIG. 1 vertically along a lattice matching line, it 
can be seen that aluminum-indium-gallium-nitride (Alx 
InyGal_X_yN, Oéx, y<1, x+y§ 1) has an identical lattice 
constant to but has a Wider band gap than that of GaN. Then, 
instead of using Si-doped GaN, an n-type contact layer 
having high doping density (>1><10l9 cm3) and loW resis 
tivity can be achieved through a superlattice structure com 
bining tWo types of material, AlmInnGa1_m_nN and AlpIn 
qGa1_p_qN (Oém, n<1, 0<p, q<1, p+q§ 1, m<p), each having 
its speci?c composition and doping density. In addition, by 
controlling the composition of Al, In, and Ga in the tWo 
materials, the n-type contact layer Would have a compatible 
lattice constant With the substrate and the epitaxial structure 
of the GaN-based MQW LEDs. This n-type contact layer 
Would not chap from the heavy Si doping, have a superior 
quality, and reduce the dif?culties of forming n-type ohmic 
contact electrode. In turn, the GaN-based MQW LEDs 
Would require a loWer operation voltage. 

[0011] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become better 
understood from a careful reading of a detailed description 
provided herein beloW With appropriate reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a graph shoWing group III nitrides in a 
coordinate system of lattice constant and band gap. 

[0013] FIG. 2 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the ?rst embodiment of the present invention. 

[0014] FIG. 3 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the second embodiment of the present invention. 

[0015] FIG. 4 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the third embodiment of the present invention. 

[0016] FIG. 5 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] In the folloWing, detailed description along With 
the accompanied draWings is given to better explain pre 
ferred embodiments of the present invention. Please be 
noted that, in the accompanied draWings, Which are merely 
illustrative, some parts are not draWn to scale or are some 
What exaggerated, so that people skilled in the art can better 
understand the principles of the present invention. 

[0018] FIG. 2 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the ?rst embodiment of the present invention. As shoWn in 
FIG. 2, the GaN-based LED has a substrate 10 made of 
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C-plane, R-plane, or A-plane aluminum-oxide monocrystal 
line (sapphire), or an oxide monocrystalline having a lattice 
constant compatible With that of nitride semiconductors. The 
substrate 10 can also be made of SiC (6HiSiC or 
4HiSiC), Si, ZnO, GaAs, or MgAl2O4. Generally, the most 
common material used for the substrate 10 is sapphire or 
SiC. A buffer layer 20 made of AlaGablnl_a_bN (Oéa, b<l, 
a+b§ 1) having a speci?c composition is then formed on an 
upper side of the substrate 10. On top of the buffer layer 20, 
an n-type contact layer 30 is formed, Which is the major 
focus of the present invention. Then, on top of n-type contact 
layer 30, an active layer 42 made of lnGaN covers a part of 
the n-type contact layer 30’s upper surface. A negative 
electrode 40, on the other hand, is on top of another part of 
the n-type contact layer 30’s upper surface not covered by 
the active layer 42. 

[0019] On top of the active layer 42, a p-type cladding 
layer 50, a p-type contact layer 60, and a positive electrode 
70 covering a part of the p-type contact layer 60’s upper 
surface are sequentially stacked in this order from bottom to 
top. The p-type cladding layer 50 on top of the active layer 
42 is made of magnisum (Mg)-doped All_c_dGaclndN (Oéc, 
d<l, c+d§l) having a speci?c composition. On the other 
hand, the p-type contact layer 60 on top of the p-type 
cladding layer 50 is made of Mg-doped All_e_iGa3lnfN 
(Oée, f<l, e+f§ 1) having another speci?c composition. 

[0020] Within this embodiment of the present invention, 
as shoWn in FIG. 2, the n-type contact layer 30 has a 
superlattice structure formed by multiple Si-doped GaN base 
layers 301 and multiple Si-doped AlGaN base layers 302, 
alternately stacked on top of each other. Among them, the 
AlGaN base layers 302 have Wider band gaps than those of 
the GaN base layers 301. The n-type contact layer 30 can 
have either a GaN base layers 301 or an AlGaN base layers 
302 as the bottommost base layer. That is, the n-type contact 
layer 30 can comprise a GaN base layer 301, an AlGaN base 
layer 302, another GaN base layer 301, etc., sequentially 
stacked in this repetitive pattern from bottom to top. Or, the 
n-type contact layer 30 can comprise an AlGaN base layer 
302, a GaN base layer 301, another AlGaN base layer 302, 
etc., sequentially stacked in this repetitive pattern from 
bottom to top. Each of the GaN base layers 301 has a 
groWing temperature betWeen 600° C. and 1200° C., and a 
thickness betWeen 20 A and 200 A, Which is independent of 
the other base layers. Similarly, each of the AlGaN base 
layer 302 is made of All_gGagN (0<g<1) having an inde 
pendent and speci?c composition, a groWing temperature 
also betWeen 600° C. and 12000 C., and a thickness betWeen 
20 A and 200 A, Which is independent of the other base 
layers. The total thickness of the n-type contact layer 30 is 
betWeen 2 um and 5 pm, containing total 50-500 layers of 
the GaN base layer 301 and the AlGaN base layer 302. At 
least one of the base layers Within the n-type contact layer 
30, Whether it is the GaN base layer 301 or the AlGaN base 
layer 302, has a Si doping density greater than l><l0l9 cm_3. 
The number of GaN base layers 301 differs from the number 
of AlGaN base layers 302 by at most one. 

[0021] FIG. 3 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the second embodiment of the present invention. As shoWn 
in FIG. 3, the n-type contact layer 32 has a structure 
identical to that of the n-type contact layer 30 of the ?rst 
embodiment. The only difference lies in the materials used 
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for the n-type contact layer 32. Within this embodiment of 
the present invention, as shoWn in FIG. 3, the n-type contact 
layer 32 has a superlattice structure formed by multiple In 
and Si-codoped GaN base layers 321 and multiple In- and 
Si-codoped AlGaN base layers 322, alternately stacked on 
top of each other. Among them, the AlGaN base layers 322 
have Wider band gaps than those of the GaN base layers 321. 
The n-type contact layer 32 can have either a GaN base 
layers 321 or an AlGaN base layers 322 as the bottommost 
base layer. That is, the n-type contact layer 32 can comprise 
a GaN base layer 321, an AlGaN base layer 322, another 
GaN base layer 321, etc., sequentially stacked in this repeti 
tive pattern from bottom to top. Or, the n-type contact layer 
32 can comprise an AlGaN base layer 322, a GaN base layer 
321, another AlGaN base layer 322, etc., sequentially 
stacked in this repetitive pattern from bottom to top. Each of 
the GaN base layers 321 has a groWing temperature betWeen 
600° C. and 12000 C., and a thickness betWeen 20 A and 200 
A, Which is independent of the other base layers. Similarly, 
each of the AlGaN base layer 322 is made of All_hGahN 
(0<h<1) having an independent and speci?c composition, a 
groWing temperature also betWeen 600° C. and 12000 C., 
and a thickness betWeen 20 A and 200 A, Which is inde 
pendent of the other base layers. The total thickness of the 
n-type contact layer 32 is betWeen 2 pm and 5 pm, contain 
ing total 50-500 layers of the GaN base layer 321 and the 
AlGaN base layer 322. At least one of the base layers Within 
the n-type contact layer 32, Whether it is the GaN base layer 
321 or the AlGaN base layer 322, has a In and Si doping 
density greater than l><l0l9 cm_3. The number of GaN base 
layers 321 differs from the number of AlGaN base layers 322 
by at most one. 

[0022] FIG. 4 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the third embodiment of the present invention. As shoWn in 
FIG. 4, the n-type contact layer 34 has a structure identical 
to those of the n-type contact layer 30 of the ?rst embodi 
ment, and the n-type contact layer 32 of the second embodi 
ment. The only difference lies in the materials used for the 
n-type contact layer 34. Within this embodiment of the 
present invention, as shoWn in FIG. 4, the n-type contact 
layer 34 has a superlattice structure formed by multiple In 
and Si-codoped AlGaN base layers 341 and multiple In- and 
Si-codoped AlGaN base layers 342, alternately stacked on 
top of each other. Among them, the AlGaN base layers 342 
have Wider band gaps than those of the AlGaN base layers 
341. The n-type contact layer 34 can have either an AlGaN 
base layers 341 or an AlGaN base layers 342 as the bot 
tommost base layer. That is, the n-type contact layer 34 can 
comprise an AlGaN base layer 341, an AlGaN base layer 
342, another AlGaN base layer 341, etc., sequentially 
stacked in this repetitive pattern from bottom to top. Or, the 
n-type contact layer 34 can comprise an AlGaN base layer 
342, an AlGaN base layer 341, another AlGaN base layer 
342, etc., sequentially stacked in this repetitive pattern from 
bottom to top. Each of the AlGaN base layers 341 and 342 
is made of All_kGakN, (0<k<l) having an independent and 
speci?c composition, has a groWing temperature betWeen 
600° C. and 12000 C., and a thickness betWeen 20 A and 200 
A, Which is independent of the other base layers. The 
adjacent AlGaN base layers 341 and 342 have different 
material compositions, but the non-adjacent AlGaN base 
layers 341 and 342 can have either identical or different 
material compositions. The total thickness of the n-type 
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contact layer 34 is between 2 pm and 5 pm, containing total 
50-500 layers of the AlGaN base layer 341 and the AlGaN 
base layer 342. At least one of the base layers Within the 
n-type contact layer 34, Whether it is the AlGaN base layer 
341 or the AlGaN base layer 342, has a In and Si doping 
density greater than l><l0l9 cm_3. The number of AlGaN 
base layers 341 differs from the number of AlGaN base 
layers 342 by at most one. 

[0023] FIG. 5 is a schematic diagram shoWing the epi 
taxial structure of the GaN-based MQW LED according to 
the fourth embodiment of the present invention. As shoWn in 
FIG. 5, the n-type contact layer 36 has a structure identical 
to those of the n-type contact layers of the previous embodi 
ments. The only difference lies in the materials used for the 
n-type contact layer 36. Within this embodiment of the 
present invention, as shoWn in FIG. 5, the n-type contact 
layer 36 has a superlattice structure formed by multiple 
Si-doped AllnGaN base layers 361 and multiple Si-doped 
AllnGaN base layers 362, alternately stacked on top of each 
other. Among them, the AllnGaN base layers 362 have Wider 
band gaps than those of the AllnGaN base layers 361. The 
n-type contact layer 36 can have either an AllnGaN base 
layers 361 or an AllnGaN base layers 362 as the bottommost 
base layer. That is, the n-type contact layer 36 can comprise 
an AllnGaN base layer 361, an AllnGaN base layer 362, 
another AllnGaN base layer 361, etc., sequentially stacked 
in this repetitive pattern from bottom to top. Or, the n-type 
contact layer 36 can comprise an AllnGaN base layer 362, 
an AllnGaN base layer 361, another AllnGaN base layer 
362, etc., sequentially stacked in this repetitive pattern from 
bottom to top. Each of the AllnGaN base layers 361 and 362 
is made of Alilr1jGa1_i_J-N (0<i, j<l, i+j§ 1) having an inde 
pendent and speci?c composition, has a groWing tempera 
ture between 6000 C. and 12000 C., and a thickness betWeen 
20 A and 200 A, Which is independent of the other base 
layers. The adjacent AllnGaN base layers 361 and 362 have 
different material compositions, but the non-adjacent Alln 
GaN base layers 361 and 362 can have either identical or 
different material compositions. The total thickness of the 
n-type contact layer 36 is betWeen 2 um and 5 pm, contain 
ing total 50-500 layers of the AllnGaN base layer 361 and 
the AllnGaN base layer 362. At least one of the base layers 
Within the n-type contact layer 36, Whether it is the AllnGaN 
base layer 361 or the AllnGaN base layer 362, has a Si 
doping density greater than l><l0l9 cm_3. The number of 
AllnGaN base layers 361 differs from the number of Alln 
GaN base layers 362 by at most one. 

[0024] Within the foregoing preferred embodiments of the 
present invention, an n-type contact layer having high dop 
ing density (>l><l0l9 cm_3) and loW resistivity is achieved 
through a superlattice structure combining tWo types of 
material, AlmlnnGal_m_nN and AlplnqGal_p_qN (Oém, n<l, 
0<p, q<l, p+q§l, m<p), each having its speci?c composi 
tion and doping density. In addition, by controlling the 
composition of Al, In, and Ga in the tWo materials, the 
n-type contact layer Would have a compatible lattice con 
stant With the substrate and the epitaxial structure of the 
GaN-based MQW LEDs. This n-type contact layer Would 
not chap from the heavy Si doping, have a superior quality, 
and reduce the di?iculties of forming n-type ohmic contact 
electrode. In turn, the GaN-based MQW LEDs Would 
require a loWer operation voltage. 
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[0025] Although the present invention has been described 
With reference to the preferred embodiments, it Will be 
understood that the invention is not limited to the details 
described thereof. Various substitutions and modi?cations 
have been suggested in the foregoing description, and others 
Will occur to those of ordinary skill in the art. Therefore, all 
such substitutions and modi?cations are intended to be 
embraced Within the scope of the invention as de?ned in the 
appended claims. 

1. A GaN-based MQW LED structure, comprising: 

a substrate made of a material selected from the group 
consisting of sapphire, 6HiSiC, 4HiSiC, Si, ZnO, 
GaAs, MgAl2O4, and an oxide monocrystalline having 
a lattice constant compatible With that of nitride semi 
conductors; 

a buffer layer made or AlaGablnl_a_bN (0; a, b<l, a+b<l) 
having a speci?c composition located on top of an 
upper side of said substrate; 

an n-type contact layer located on top of said buffer layer; 

an active layer made of lnGaN located on top of a part of 
said n-type contact layer’s upper surface; 

a negative electrode located on top of another part of said 
n-type contact layer’ s upper surface not covered by said 
active layer; 

a p-type cladding layer made of Mg-doped All_c_ 
dGaclndN (02c, d<l, c+d§l) having a speci?c com 
position located on top of said active layer; 

a p-type contact layer made of Mg-doped All_e_fGaelnfN 
(Oée, f<l, e+f§ 1) having a speci?c composition 
located on top of said p-type cladding layer; and 

a positive electrode located on top of a part of said p-type 
contact layer’s upper surface, 

Wherein said n-type contact layer has a superlattice struc 
ture formed by a ?rst number of ?rst base layers made 
of an n-type group L nitride, and a second number of 
second base layers made of another n-type group III 
nitride, alternately stacked on top of each other, said 
second base layers have Wider band gaps than those of 
said ?rst base layers, a bottommost base layer of said 
n-type contact layer is selected from the group consist 
ing of said ?rst base layer and said second base layer, 
and a topmost base layer is selected from the group 
consisting of said ?rst base layer and said second base 
layer; and Wherein each of said ?rst base layers is made 
of In- and Si-codoped GaN having a doping density 
independent of other base layers, and each of said 
second base layers is made of In- and Si-codoped 
All_hGahN (0<h<l) having speci?c composition and 
doping density independent or other base layers. 

2. The GaN-based MQW LED structure as claimed in 
claim 1, Wherein said n-type contact layer has a thickness 
betWeen 2 pm and 5 pm. 

3. The GaN-based MQW LED structure as claimed in 
claim 1, Wherein a sum of said ?rst number and said second 
number is betWeen 50 and 500, and a difference betWeen 
said ?rst number and said second number is at most one. 

4. The GaN-based MQW LED structure as claimed in 
claim 1, Wherein each of said ?rst base layers and said 
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second base layers has a thickness between 20 A and 200 A, 
independent of other base layers. 

5-7. (canceled) 
8. The GaN-based MQW LED structure as claimed in 

claim 1, Wherein at least one of said ?rst base layers and said 
second base layers has an In and Si doping density greater 
than l><l0l9 cm_3. 

9. A GaN-based MQW LED structure, comprising: 

a substrate made of a material selected from the group 
consisting of sapphire, 6HiSiC, 4HiSiC. Si, ZnO, 
GaAs, MgAl2O4, and an oxide monocrystalline having, 
a lattice constant compatible With that of nitride semi 
conductors: 

a buffer layer made of AlaGablnl_a_bN (Oéa, b<l, a+b i 1) 
having a speci?c composition located on top of an 
upper side of said substrate; 

an n-type contact layer located on top of said buffer layer; 

an active layer made of lnGaN located on top of a part of 
said n-type contact layer’s upper surface; 

a negative electrode located on top of another par of said 
n-type contact layer’s upper surface not covered by said 
active layer; 

a p-type cladding layer made of Mg-doped All_c_ 
dGaclndN (Oéc, di 1, c+d§ 1) having a speci?c com 
position located on top of said active layer; 

a p-type contact layer made of Mg-doped All_e_fGaelnfN 
(Oée, f<l, e+f§l having a speci?c composition 
located on top of said p-type cladding layer; and 

a positive electrode located on top of a part of said p-type 
contact layer’s upper surface, 
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Wherein said n-type contact layer hats a superlattice 
structure formed by a ?rst number of ?rst base layers 
made of an n-type group III nitride, and a second 
number of second base layers made of another n-type 
group III nitride, alternately stacked on ton of each 
other, said second base layers have Wider band pas than 
those of said ?rst base layers, a bottommost base layer 
of said n-type contact layer is selected from the group 
consisting of said ?rst base layer and said second base 
layer, and a topmost base layer is selected from the 
group consisting of said ?rst base layer and said second 
base layer: and Wherein each of said ?rst base layers 
and said second base layers is made of In- and Si 
codoped All_kGakN (0<k<l) having speci?c composi 
tion and doping density independent of other base 
layers. 

10. The GaN-based MQW LED structure as claimed in 
claim 9, Wherein at least one of said ?rst base layers and said 
second base layers has an In- and Si-codoping density 
greater than l><l0l9 cm_3. 

11. The GaN-based MQW LED structure as claimed in 
claim 9, Wherein said n-type contact layer has a thickness 
betWeen 2 pm and 5 um. 

12. The GaN-based MQW LED structure as claimed in 
claim 9, Wherein a sum of said ?rst number and said second 
number is betWeen 50 and 500, and a difference betWeen 
said ?rst number and said second number is at most one. 

13. The GaN-based MQW LED structure as claimed in 
claim 9, Wherein each of said ?rst base layers and said 
second base layers has a thickness betWeen 20 A and 200 A, 
independent of other base layers. 


