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(57) ABSTRACT 
A method of manufacturing a light emitting diode (LED) 
includes groWing a light emitting region on a temporary 
substrate, bonding a transparent substrate of glass or quartz 
to the light emitting region and then removing the temporary 
substrate. A metal bonding agent also serving as an ohmic 
contact layer With LED is used to bond the transparent 
substrate to form a dual substrate LED element Which is then 
heated in a Wafer holding device that includes a graphite 
loWer chamber and a graphite upper cover With a stainless 
steel screW. Because of the different thermal expansion 
coef?cients betWeen stainless and graphite, the stainless 
steel screW applies a pressure to the dual substrate LED 
element during the heating process to assist the bonding of 
the transparent substrate. 
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LIGHT EMITTING DIODE WITH A PERMANENT 
SUBSTRATE OF TRANSPARENT GLASS OR 

QUARTZ AND THE METHOD FOR 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a division of US. patent application Ser. 
No. 09/307,681, ?led May 10, 1999. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a light emitting 
diode With a permanent substrate of transparent glass or 
quartz and the method for manufacturing the same. 

BACKGROUND OF THE INVENTION 

[0003] US. Pat. Publication Nos. 5,008,718 and 5,233, 
204 disclosed a light emitting diode With a transparent 
WindoW layer. By this kind of light emitting diode, the 
croWding effect occurring in the conventional light emitting 
diode is reduced, Wherein the current spread to emit light 
from the light emitting diode is increased. As a result, the 
illumination of the light emitting diode is apparently 
enhanced. 

[0004] Moreover, US. Pat. Publication No. 5,237,581 and 
No. 4,570,172 disclosed a light emitting diode having a 
semiconductor multilayer re?ector, namely, DBR (distrib 
uted Bragg Re?ector). By this light emitting diode, the light 
transmitting to the substrate is re?ected backWards so as to 
penetrate through the light emitting diode. Accordingly, the 
light illumination of the light emitting diode is increased. 

[0005] A cross sectional vieW of a conventional light 
emitting diode is illustrated in FIG. 1. The light emitting 
diode 100 includes a semiconductor substrate 102, a second 
ohmic contact electrode 101 formed on the rear side of the 
semiconductor substrate 102, a light generating region 103 
formed on the semiconductor substrate 102, and a ?rst 
ohmic contact electrode 106 formed on the light generating 
region 103. Because of the current croWding effect, critical 
angle of the emitting light and light absorption of the 
substrate, the illumination in this light emitting diode is not 
suitable. The light generating region 103 is formed by a P 
type region and an N type region, and then the light 
generating region 103 is groWn on the gallium arsenide 
substrate 102. Therefore, the crystal lattice constants in most 
of the light generating region 103 are matched With that of 
the gallium arsenide substrate. Namely, the light emitting 
diode of visible light is directly fabricated on the gallium 
arsenide substrate 102. HoWever, since the energy gap of the 
gallium arsenide is 1.43eV Which is smaller than that of the 
visible light and the light emitted from the diode is non 
isotropic, part of the light enters into the substrate and is 
absorbed by the gallium arsenide. 

[0006] US. Pat. Publication No. 5,008,718 and No. 5,233, 
204 disclosed a transparent WindoW layer structure for 
increasing the output light of a light emitting diode. Refer 
ring to FIG. 2, the structure of the light emitting diode 200 
is formed by a transparent WindoW layer 204 is groWn on the 
light emitting diode 100 shoWn in FIG. 1. The proper 
material suitable for the transparent WindoW layer 204 
includes GaP, GaAsP, and AlGaAs, etc., Whose energy gap 
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is larger than those of the materials in the AlGaInP light 
generating region. Under this condition, the optic critic 
angle can be increased and the current croWding effect is 
reduced so as to enhance the illumination of the light 
emitting diode. HoWever, in the electric property, since the 
materials on the uppermost layer of the transparent WindoW 
layer 204 and the AlGaInP light generating region have a 
hetero junction, the energy gap difference causes the positive 
forWard bias voltage Vf of the light emitting diode to 
increase. As a result, the poWer loss of using the light 
emitting diode is increased. 

[0007] The US. Pat. Publication Nos. 5,237,581 and 
4,570,172 disclosed a light emitting diode 300 With a 
multilayer re?ecting structure, as shoWn in FIG. 3. The 
structure of FIG. 3 includes a semiconductor substrate 302, 
a loWer multilayer re?ector 305 formed on the semiconduc 
tor substrate 302, a light generating region 303 formed on 
the loWer multilayer re?ector 305, an upper multilayer 
re?ector 304 formed on the light generating region 303, a 
?rst ohmic contact electrode 306 on the upper multilayer 
re?ector 304, and a second ohmic contact electrode 301 on 
the rear side of the semiconductor substrate 302. In this prior 
art light emitting diode, the loWer multilayer re?ector 305 
serves to re?ect 90% of the light emitted from the light 
generating region to the light absorption substrate, While the 
upper multilayer re?ector serves to guide light to the upper 
surface of the light emitting diode. Therefore, the problem of 
light absorption by the substrate is improved, and the 
problem of bad illumination from enlarging the critical angle 
is also improved. HoWever, since the multilayer re?ector has 
many hetero junctions, the effect of energy gap difference is 
enlarged. As a consequence, although the aforesaid DBR 
structure disclosed in US. Pat. Publication Nos. 5,237,581 
and 4,570,172 can re?ect the light impinging on the sub 
strate by the DBR structure, the DBR has a high re?ective 
indeX only for normal incident light (shoWn in D1 of FIG. 
3), While for oblique incident light (such as D2, D3, and D4 
shoWn in FIG. 3) the re?ective indeX is very small. Thus it 
is only a slight improvement to the illumination of a light 
emitting diode in visible light band. Whereas the DBR 
structure Will increase the cost and dif?culty about the 
groWing of thin ?lm epitaXial layer. 

[0008] US. Pat. Publication No. 5,376,580 disclosed a 
light emitting diode With Wafer bonding, Wherein a gallium 
arsenide substrate serves as a temporary substrate to groW a 
light emitting diode structure (including a con?nement layer, 
an active layer and another con?nement layer). Then the 
light emitting diode structure is adhered to a transparent 
substrate, and the GaAs substrate is removed. Therefore, the 
light absorption by substrate can be solved completely. 
Whereas the transparent substrate disclosed in the afore 
mentioned U.S. Pat. Publication No. 5,376,580 is made by 
GaP Which is very expensive and has an orange color. The 
light from LED to the substrate has a slight color. Further, 
in high temperature, the GaP as a transparent substrate needs 
to be processed for a long period of time (about 600~700° 
C. for at least one hour), Which results in a bad effect to the 
p-n junction of LED. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, the object of the present invention is 
to provide a method for manufacturing a light emitting diode 
With a permanent substrate of transparent glass or quartZ. 
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Transparent glass or quartz is used as a permanent substrate, 
and metal is employed as a bonding agent. An LED element 
is adhered to the transparent glass. After being adhered, an 
etching agent serves to remove the GaAs substrate. There 
fore, the problem of light absorption by the substrate is 
improved, and the problem of the p-n junction being affected 
by temperature is resolved completely. The illumination is 
doubled. 

[0010] Another object of the present invention is to pro 
vide a light emitting diode With a permanent substrate of 
transparent glass or quartZ. The light emitting region of the 
light emitting diode With a permanent substrate of transpar 
ent glass or quartZ is a conventional light emitting region 
structure. For example, it may be a light emitting region of 
dual hetero structures With an upper cladding layer/an active 
layer/a loWer cladding layer, a light emitting region of a 
single hetero structure, or a light emitting structure of a 
homostructure. The permanent substrate of transparent glass 
of the present invention can be applied to all kinds of 
conventional light emitting region and thus it has Wide 
applications. 
[0011] A further object of the present invention is to 
provide a method for manufacturing a light emitting diode 
With a permanent substrate of transparent glass or quartZ 
comprising the steps of selecting a temporary substrate so as 
to groW on an LED light emitting region on the temporary 
substrate for forming an LED element; selecting a perma 
nent substrate, and adhering the LED element to the per 
manent substrate by a metal bonding agent; removing the 
temporary substrate adhered by the permanent substrate/ 
LED element by mechanic grinding or chemical etching; 
manufacturing a plane LED element With a substrate of 
permanent substrate; forming olunic contact electrodes on 
the plane LED element. According to the present invention, 
the illumination of a light emitting diode is enhanced. 

[0012] The other object of the present invention is to 
provide a Wafer holding device used in a light emitting 
diode, Wherein tWo materials With different thermal eXpan 
sion coe?icients provide pressures to the LED element and 
transparent substrate, and thus the applied force can be 
measured by a tWisting spanner. The feature of the present 
invention is that stainless steel screWs are used to replace a 
quartZ sleeve. Since the heat eXpansion coefficient of the 
stainless steel is larger than that of graphite, in the process 
of high temperature fusion, the stainless steel applies force 
to the clamped object. 

[0013] The various objects and advantages of the present 
invention Will be more readily understood from the folloW 
ing detailed description When read in conjunction With the 
appended draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a cross sectional vieW of a conventional 
light emitting diode. 
[0015] FIG. 2 is a cross sectional vieW of a conventional 
light emitting diode having a transparent WindoW layer. 

[0016] FIG. 3 shoWs a light emitting diode having a 
conventional multilayer re?ector structure. 

[0017] FIGS. 4A-4D are the ?oW diagram of manufactur 
ing the light emitting diode of the present invention by 
adhering an LED element to a transparent glass or quartZ 
substrate. 
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[0018] FIG. 5 is a cross sectional vieW of the LED 
element of one embodiment of the present invention. 

[0019] FIG. 6 shoWs the ?oW diagram of the LED element 
of the present invention being adhered to a transparent glass 
substrate. 

[0020] FIG. 7 is a cross sectional vieW of the Wafer 
holding device of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] In the present invention, at ?rst, an LED element is 
deposited on a temporary substrate. NeXt, the LED element 
is adhered to a transparent glass that serves as a permanent 
substrate. NeXt, the temporary substrate is removed so that 
the light emitted from the LED element Will not be absorbed 
by the substrate for enhancing the illumination of the 
emitted light. The LED element using the technology of the 
present invention is shoWn in FIG. 5. The ?oW diagram of 
the process for adhering the LED element to the transparent 
glass substrate is shoWn in FIG. 6. 

[0022] The manufacturing process in the present invention 
for an LED element With a permanent substrate of transpar 
ent glass or quartZ comprises the steps of: 

[0023] Selecting a temporary substrate 42 to groW an LED 
light emitting region 41 on the temporary substrate 42 for 
forming an LED element as shoWn in FIG. 4A; 

[0024] Selecting a permanent substrate 44, and adhering 
the LED element to the permanent substrate 44 by a metal 
bonding agent 43 as shoWn in FIG. 4B; 

[0025] Removing the temporary substrate 42 adhered to 
the permanent substrate 44 and LED element by mechanic 
grinding or chemical etching agent as shoWn in FIG. 4C; 

[0026] Manufacturing a plane LED element With a per 
manent substrate 44; 

[0027] Forming ohmic contact electrodes 411 and 412 on 
the plane LED element as shoWn in FIG. 4D; 

[0028] If the material of the metal bonding agent 43 is 
identical to that of the ohmic contact electrode 411, such as 
an alloy of gold and beryllium (AuBe), then etching the 
plane LED element 41 to the metal bonding agent 43 by 
chemical etching and substituting the ohmic contact elec 
trode 411 With the metal bonding agent 43. 

[0029] The aforesaid structure can further comprise the 
step of plating a metal re?ecting layer on the rear side of the 
permanent substrate 44 for increasing illumination. The 
material of the metal re?ecting layer is selected from the 
group of indium In, tin Sn, aluminum Al, gold Au, platinum 
Pt, titanium Ti, and silver Ag. The temporary substrate is 
selected from GaAs or InP. The permanent substrate is 
selected from glass or quartZ. The metal bonding agent is 
selected from the group of alloys of beryllium and gold 
(AuBe), indium In, tin Sn, aluminum Al, gold Au, platinum 
Pt, titanium Ti, Zinc Zn and silver Ag. The etching agent is 
formed from hydrochloric acid and phosphoric acid. The 
LED element may have a p/n junction or n/p junction. An 
etching stop layer 525 as shoWn in FIG. 5 is formed betWeen 
the LED light emitting region and the substrate so that the 
substrate can be removed effectively. The material of the 
etching stop layer is primarily formed by material resisting 
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the etching liquid of the substrate and is different from that 
of the substrate, such as AlAs, InGaP or AlXGal1_XAs. 

[0030] The detailed steps of manufacturing the light emit 
ting diode according to the invention are described in the 
BilloWing: 

[0031] Adhering the LED elements (41 and 42) to the 
glass 44 or quartZ by ?rst Washing the glass 44 or quartZ; 
placing the glass 44 or quartZ into acetone and then Washing 
the glass or quartZ by a supersonic oscillator for 5 minutes, 
removing the dust of the glass 44 or quartZ, then Washing the 
glass or quartZ by HZSO4 under a temperature of 90~100° C. 
for about 10 minutes in order to remove the organic objects 
or heavy metal on the glass 44, and then plating the metal 
bonding agent 43 by vapor plating or electronic gun vapor 
plating. This metal serves as a sticky layer. In one embodi 
ment of the present invention, the detailed structure of the 
LED element is illustrated in FIG. 5. 

[0032] Adhering the LED element by ?rst Washing the 
pollution on the surface of the LED element, then placing 
the glass 44 or quartZ into acetone and then Washing the 
glass or quartZ by a supersonic oscillator for 5 minutes to 
remove dust, thereafter, removing the oxidiZed layer on the 
surface of the LED element by diluted HF. 

[0033] Adhering the Washed LED element to the glass 44 
or quartZ plated With metal bonding agent 43 in air or 
alcohol, and then placing the LED element and the glass 44 
or quartZ plated With the metal bonding agent 43 to a holding 
device by a proper clamping device, With reference to FIG. 
4A. The structure of the clamping device is shoWn in FIG. 
7. 

[0034] Thermally processing the LED elements 41 and 42 
and the glass 44 or quartZ plated With the metal bonding 
agent 43 under a temperature ranging from 300~450° C. for 
about 5~10 minutes, then naturally reducing the tempera 
ture, as shoWn in FIG. 4B. 

[0035] Removing the temporary GaAs substrate 42 on the 
processed sample (LED element and the glass or quartZ 
plated With the metal bonding agent 43) by mechanic 
grinding or a chemical etching agent (NH4OH:H2O2) as 
shoWn in FIG. 4C. 

[0036] Patterning the p/n region of the LED element by an 
elective etching, namely, etching a p-type (AlO3GaO7)InO5P 
or n-type (AlO3GaO7)InO5P by HClzH3P04. Then, the struc 
ture shoWn in FIG. 4D is achieved. 

[0037] Forming plane electrodes 411 and 412, namely, 
forming ohmic contact electrodes of p-type (Al03GaO7)InO5P 
or n-type (AlO3GaO7)InO5P 

[0038] Plating a metal re?ecting layer to the rear side of 
the adhered transparent glass formed as an LED element for 
enhancing the illumination of the LED element. 

[0039] A cross sectional vieW of an embodiment of the 
present invention is illustrated in FIG. 5. The LED element 
comprises a n+GaP bonding layer 51, a light emitting region 
52 and a GaAs substrate 53. The thickness of the GaP is 
0.1~1pm. The GaAs substrate may be an n+, p+ or SI-GaAs 
substrate. The light emitting region includes an n-type 
(AlO3GaO_7)InO_5P upper cladding layer 52 With a thickness of 
0.5-1 pm, a p-type (AlO_3GaO_7)In0_5P active layer 522 With 
a thickness of 0.2-1 pm, an n-type (AlO3GaO7)InO5P loWer 
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cladding layer 523 With a thickness of 0.5-1 pm, a p+GaAs 
contact layer 524 With a thickness of 0.1 pm, an AlAs or 
InGaP etching stop layer 525 With a thickness of 0.1 pm, and 
a GaAs buffer layer 526. The LED light emitting region 52 
has a p/i/n structure and alternatively it may be an n/i/p 
structure. The n+GaP only serves for the bonding layer and 
plane contact electrode and, thus the primary concern is not 
to destroy the mirror-like surface. AlAs serves as an etching 
stop layer and may be replaced by AlGaAs. If the doping 
concentration of p-(AlO3GaO_7)InO_5P 523 is too high, then 
the n+GaAs contact layer 524 may be eliminated so that 
light is not absorbed by GaAs. 

[0040] The flow diagram of adhering LED elements to a 
substrate is shoWn in FIG. 6. A glass is Washed ?rstly (step 
61). Then, an LED Wafer is Washed (step 62). Next, the 
metal bonding agent is plated by thermal vaporiZing plating 
(step 63). The LED element is adhered to the glass substrate 
in Water, air or alcohol (step 64). The adhered structure is 
placed in a Wafer holding device and thermally processed 
(step 65). The GaAs temporary substrate is removed from 
the dual substrate LED element and then it is etched to form 
a plane LED element (step 66). A metal re?ecting layer is 
plated on the rear side of the transparent glass substrate (step 
67). 
[0041] The cross sectional vieW of the Wafer holding 
device of the present invention is illustrated in FIG. 7. The 
Wafer holding device includes a stainless steel screW 71, a 
graphite upper cover 72, a graphite pillar 73, a dual substrate 
LED element (i.e., glass and LED Wafer) 74, a graphite shim 
75, and a graphite loWer chamber 76. In this Wafer bonding 
holding device, by means of different thermal expansion 
coefficients of the tWo materials in the holding device, the 
tWo pieces of the dual substrate LED element are pressed so 
as to be fused With each other in higher temperature. The 
feature of the holding device of the present invention is that 
a stainless steel screW serves to substitute for the quartZ 
sleeve, since the thermal expansion coefficient of the stain 
less still is larger than that of graphite, during high tempera 
ture fusion, the stainless steel Will apply a force. 

[0042] The advantages and effects of the present invention 
are: 

[0043] In the present invention, transparent glass is used to 
replace the conventional light absorbing substrate (such as 
GaAs) or colored substrate (such as GaP), and the substrate 
of transparent glass is easily obtained. Therefore, the illu 
mination and hue of the LED element are improved. 

[0044] In the present invention, the heating process is 
performed in loWer temperature (about 300~450° C.) for 
about 5 to 10 minutes for providing the energy for adhering, 
thus the original pn junction of LED is not affected. Further, 
the pollution and diffusion do not occur under such a loWer 
temperature. 

[0045] In the present invention, a metal is used as the 
bonding agent. When transparent glass is used as a perma 
nent substrate, a metal layer is plated to the rear side of the 
transparent glass for enhancing the intensity of the LED. 

[0046] The Wafer holding device used in the present 
invention is shoWn in FIG. 7, Wherein tWo materials With 
different thermal expansion coefficients provide pressures to 
the LED element and transparent substrate, and thus the 
applied force can be measured by a tWisting spanner. 
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[0047] 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. 

What is claimed is: 
1. A light emitting diode, comprising: 

a plane light emitting region; 

a permanent substrate formed by a transparent material; 
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a metal bonding agent sandWiched betWeen said light 
emitting region and said permanent substrate; and 

tWo plane electrodes formed on said light emitting region. 
2. The light emitting diode as claimed in claim 1, Wherein 

one of said tWo plane electrodes is an eXposed area of said 
metal bonding agent not covered by said light emitting 
region. 

3. The light emitting diode as claimed in claim 1, Wherein 
said permanent substrate is selected from glass or quartZ. 

4. The light emitting diode as claimed in claim 1, Wherein 
said metal bonding agent is selected from the group of 
AuBe, In, Sn, Al, Au, Pt, Ti, Zn and Ag. 

* * * * * 


