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(57) ABSTRACT 

The present invention relates to the method for manufactur 
ing an MSM photodetector using a HEMT structure incor 
porating a low-temperature groWn semiconductor. The 
object of the present invention is to improve the speed 
characteristic of an MSM photodetector by using a HEMT 
structure incorporating a low-temperature groWn semicon 
ductor. 

The use of a HEMT structure incorporating a loW-tempera 

ture groWn semiconductor can reduce the number of holes 

reaching the metal electrode of MSM detectors, resulting in 
reduced hole current. As a result, the photocurrent response 
of the MSM detector using a HEMT structure incorporating 
a low-temperature groWn semiconductor is dominated by 
electron current, resulting in a signi?cant improvement in 
speed performance. 
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METHOD FOR MANUFACTURING MSM 
PHOTODETECTOR USING A HEMT STRUCTURE 

INCORPORATING A LOW-TEMPERATURE 
GROWN SEMICONDUCTOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the method for 
manufacturing a Metal-Semiconductor-Metal (MSM) pho 
todetector using a HEMT structure incorporating a loW 
temperature groWn semiconductor. MSM photodetectors are 
Widely used as a key component for optical receivers in 
ultra-high speed optical communication systems and for 
optoelectronic transducers in microWave/millimeter-Wave 
optical communication systems. 

[0002] Photodetectors perform the function of converting 
optical signals to electrical signals. MSM photodetectors are 
one of many candidates for ultra-high speed photodetectors 
and are Widely used due to their excellent speed perfor 
mance. They are also easy for monolithic integration (opto 
electronic integrated circuit: OEIC) With electronic devices 
including FETs (?eld effect transistors) and HEMTs (high 
electron mobility transistors) since they are planar in struc 
ture. 

[0003] The epitaXial layer structure and schematic cross 
section of conventional MSM photodetectors are illustrated 
in FIG. 1a and FIG. 1b, respectively. The cross section and 
the energy band diagram of conventional MSM photodetec 
tors are also illustrated in FIG. 2a and FIG. 2b, respectively. 
Here, the ?rst epitaxial layer 10 is a semi-insulating sub 
strate, the second epitaXial layer 12 is a photo-absorption 
layer, and the third epitaXial layer 14 is a Schottky barrier 
layer. 
[0004] In general, the Schottky barrier layer is composed 
of an n-type semiconductor having a larger band gap energy 
than that of the photo-absorption layer. The Schottky barrier 
layer is transparent to optical signals that are absorbed in the 
photo-absorption layer and plays a role of reducing the 
leakage current (or dark current) in MSM photodetectors. 
The photo-absorption layer is composed of a lightly n-doped 
semiconductor that has a loWer band gap energy than that of 
the Schottky barrier layer and absorbs the photons incident 
upon the photodetector, generating and transporting elec 
tron-hole pairs. 

[0005] The tWo main factors that determine the speed 
performance of a photodetector are the RC time constant 
('cRc) that is dependent on the resistance and capacitance of 
the photodetector and the transit time ('CT) that is the time 
taken for an electron or a hole to reach the metal electrode 
via a photo-absorption layer along the applied electric ?eld 
(the transport length L and the direction of the electric ?eld 
are shoWn in FIG. 1b). 

[0006] In order to maXimiZe the speed performance of a 
photodetector, these tWo factors must be optimiZed. In 
practice, the RC time constant (TRC) of an ultra-high speed 
photodetector is designed to have a signi?cantly smaller 
value than the transit time ('CT) and thus the speed perfor 
mance is determined by the transit time of photo-generated 
electrons and holes. 

[0007] Photons incident on the photo-absorption layer of a 
photodetector generate electron-hole pairs. The photo-gen 
erated electrons and holes travel in opposite directions 
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according to the direction of electric ?eld applied and reach 
the Schottky metal electrode, subsequently constituting elec 
tron and hole currents, respectively. 

[0008] In general, the speed of electrons and holes in most 
of semiconductors is different. In fact, the speed of electron 
is much faster than that of hole. This is due to the difference 
in their effective mass. For eXample, in the case of 
InO_53GaO_47As that is lattice-matched to InP substrate and 
used for detecting an optical signal having a Wavelength of 
1.5 pm, the effective mass me of an electron is 0.041 mO 
Whereas the effective mass mh of a hole is 0.46 mO (Here mO 
is the mass of a free electron). This shoWs that the effective 
mass of a hole is 10 times heavier than that of an electron. 

[0009] FIG. 3 shoWs the photo-current response of con 
ventional MSM photodetectors When an impulse-type opti 
cal signal is incident upon them. The total current here 
consists of electron and hole currents. The different pulse 
Width of the electron current and the hole current is due to 
difference in speed of electrons and holes in semiconductors. 

[0010] Consequently, the speed performance of MSM 
photodetectors, more speci?cally, the frequency bandWidth 
is determined by the speed characteristic of the holes. This 
can be represented quantitatively as folloWs. 

[0011] If the time taken for an electron and a hole to travel 
through a photo-absorption layer (L in FIG. 1b) is ‘Us and "uh, 
respectively, then the frequency bandWidth of the photode 
tector B can be represent as; 

[0014] As a result, it can be seen that the speed perfor 
mance of MSM photodetectors is determined by the speed 
characteristic of holes. Accordingly, in order to improve the 
speed performance of MSM photodetectors the photocurrent 
response due to heles has to be modi?ed. 

since 

[Mathematical Equation 1] 

SUMMARY OF THE INVENTION 

[0015] In general, the photocurrent response of an MSM 
photodetector consists of electron current and hole current 
originating from the equal number of electrons and holes 
generated by photons. The hole current acts as a limiting 
factor for the speed performance of an MSM photodetector 
due to the loW hole mobility (or speed). This speed perfor 
mance limitation can be overcome by suppressing the mag 
nitude of the hole current, making the electron current a 
dominant part of the total photocurrent of an MSM detector. 
Suppression of the hole current can be achieved by reducing 
the number of holes reaching the metal electrode. 

[0016] FIG. 2b illustrates the operation principle of a 
conventional MSM photodetector. In FIG. 2b, the holes 
generated in the photo-absorption layer move upWard 
(toWard the metal electrode) due to the applied electric ?eld. 
Since the direction of the electric ?eld is aiding transport of 
the holes to the metal electrode the probability of the holes 
being converted to photocurrent increases. On the contrary, 
the electrons move doWnWard (aWay from the metal elec 
trode) due to the applied electric ?eld. Since the direction of 
the electric ?eld is hampering transport of the electrons to 
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the metal electrode the probability of the electrons being 
converted to photocurrent decreases. 

[0017] The object of the present invention is to improve 
the speed performance of an MSM photodetector by reduc 
ing the magnitude of the hole current. Reduction in the 
magnitude of the hole current can be achieved by deducing 
the probability of the holes generated in the photo-absorp 
tion layer eventually reaching the metal electrode. This 
objective is achieved by using an energy band structure 
constructed by a modi?ed HEMT structure and a loW 
temperature groWn compound semiconductor. 

[0018] In order to achieve the object of the present inven 
tion, the method for manufacturing an MSM photodetector 
using a GaAs-based delta-doped HEMT structure according 
to the present invention comprises the steps of: forming an 
undoped AlxGal-xAs (02x20.4) buffer layer Which is 
groWn on a GaAs semi-insulated substrate; forming an 
undoped loW temperature groWn InxGa1-xAs (02x20.3) 
epitaxial layer on said AlxGal-xAs buffer layer; forming a 
p-type GaAs ?rst photo-absorption layer Which is groWn on 
said loW-temperature groWn InxGa1-xAs layer; forming an 
undoped GaAs second photo-absorption layer Which is 
groWn on said GaAs ?rst photo-absorption layer; forming an 
undoped AlxGal-xAs (02x20.4) ?rst barrier layer Which 
is groWn on said undoped GaAs second photo-absorption 
layer; forming an n-type delta-doped AlxGal-xAs 
(02x20.4) second barrier layer Which is groWn on said 
undoped AlxGal-xAs (02x20.4) ?rst barrier layer; and 
forming an undoped AlxGal-xAs (02x20.4) third barrier 
layer Which is groWn on said n-type delta-doped AlxGal 
xAs (02x20.4) second barrier layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1a and FIG. 2b illustrate the epitaxial layer 
structure and device cross section of a conventional MSM 
photodetector. 

[0020] FIG. 2a and FIG. 2b illustrate the device cross 
section and energy band diagram of a conventional MSM 
photodetector. 

[0021] FIG. 3 shoWs the responses of total photocurrent, 
electron current, and hole current of a conventional MSM 
photodetector. 

[0022] FIG. 4a and FIG. 4b illustrate the epitaxial layer 
structure and energy band diagram (in the absence of optical 
signals) of the MSM photodetector according to the present 
invention. 

[0023] FIG. 5a and FIG. 5b illustrate the epitaxial layer 
structure and energy band diagram (in the presence of 
optical signals) of the MSM photodetector according to the 
present invention. 

[0024] FIG. 6 shoWs the responses of total photocurrent, 
electron current, and hole current of the MSM photodetector 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0025] Hereinafter, preferred embodiments of the present 
invention Will be described in detail With reference to the 
accompanying draWings. 
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[0026] The structure of an MSM photodetector according 
to the present invention (HEMT structure With a delta-doped 
barrier layer) and energy band diagram are described in 
FIG. 4a, FIG. 4b, FIG. 5a, and FIG. 5b. In FIG. 4a and 
FIG. 4b, the input optical signal is absent Whereas in FIG. 
5a and FIG. 5b, the input optical signal is present. 

[0027] The epitaxial structures of the photodetector illus 
trated in FIG. 4a, FIG. 4b, FIG. 5a and FIG. 5b shoW that 
the ?rst epitaxial layer 100 is a buffer layer Which is groWn 
on a semi-insulating substrate. 

[0028] The second epitaxial layer 102 Which is groWn on 
the buffer layer consists of a material Which has smaller band 
gap energy than those of the ?rst epitaxial layer 100 (a buffer 
layer) and the third epitaxial layer 104 (a photo-absorption 
layer). 
[0029] Since the second epitaxial layer 102 has a smaller 
band gap energy than that of the ?rst epitaxial layer 100 (a 
buffer layer) and the third epitaxial layer 104 (a photo 
absorption layer), it can effectively trap the holes generated 
in the photo-absorption layer. 

[0030] Also, since the groWth temperature of this layer is 
signi?cantly loWer than that of other layers Within the 
photodetector structure, the life time of electrons and holes 
trapped Within the layer gets extremely short. Therefore, the 
holes trapped Within this epitaxial layer are rapidly removed 
by recombining With thermally generated electrons, result 
ing in a reduced hole current of the MSM photodetector. 

[0031] The third epitaxial layer 104 is a p-doped photo 
absorption layer. This layer absorbs incident photons gen 
erating electron-hole pairs and is also used as a medium for 
electron and hole transport. The p-type doping concentration 
of the third epitaxial layer 104 should be loW enough for this 
layer to be completely depleted at the operating bias voltage. 
As shoWn in FIG. 5b, the depleted p-type impurity NA+ 
Within the third epitaxial layer 104 generates an electric ?eld 
pro?le that moves the photo-generated electrons toWard the 
metal electrode and the photo-generated holes aWay from 
the metal electrode, helping to suppress the hole current of 
the MSM photodetector. 

[0032] Likewise, the fourth epitaxial layer 106 that is 
groWn on the third epitaxial layer 104 is a part of the 
photo-absorption layer. It plays a role of generating and 
transporting the photo-generated electron-hole pairs. This 
layer is undoped so that electrons can be transported With 
high mobility (or speed). 

[0033] The electrons generated from the photo-absorption 
layers (104 and 106) accumulate at the interface of the fourth 
epitaxial layer 106 and the ?fth epitaxial layer 108 due to the 
electric ?eld generated by the p-doped absorption layer 104, 
forming a tWo dimensional electron gas (2DEG). The elec 
trons in 2DEG form are transported to the metal electrode. 
The reason for not doping the fourth epitaxial layer 106 is to 
reduce the impurity scattering phenomena so that the elec 
tron mobility can be maximiZed in this layer. 

[0034] The ?fth epitaxial layer 108, Which is groWn on the 
fourth epitaxial layer 106, is an undoped barrier layer and 
consists of a semiconductor having a larger band gap energy 
than that of the third epitaxial layer 104 and fourth epitaxial 
layer 106. It is transparent to the input optical signal. The 
role of this undoped barrier layer 108 is to keep the 2DEG 
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in the absorption layer 106 away from the ionized donor in 
the n-doped barrier layer 110, reducing the impurity scat 
tering and thus improving mobility of the 2DEG. 

[0035] The sixth epitaxial layer 110, Which is groWn on the 
?fth epitaxial layer 108, is an n-type delta-doped barrier 
layer. It consists of a semiconductor having a large band gap 
energy like the ?fth epitaxial layer 108. 

[0036] The role of n-type impurities in this epitaxial layer 
in combination With the p-type impurity in the third crystal 
layer 104 is to construct the energy band diagrams illustrated 
in FIG. 4b and FIG. 5b. The shape of the energy band 
diagram is constructed in such a Way that the photo-gener 
ated electrons can easily move toWard the metal electrode 
and the photo-generated holes can easily move aWay from 
the metal electrode into the loW-temperature groWn epitaxial 
layer 102. Thus, the photo-generated electron current com 
ponent is enhanced While the photo-generated hole current 
component is effectively suppressed. 

[0037] The seventh epitaxial layer 112, Which is groWn on 
the sixth epitaxial layer 110, is an undoped barrier layer. It 
consists of a material that has a large band gap energy like 
other barrier layers (layer 108 and 110). The total thickness 
of the barrier layers including the ?fth 108, the sixth 110, 
and the seventh 112 epitaxial layers, the location of the sixth 
epitaxial layer 110, and the n-type doping concentration of 
the sixth epitaxial layer 110 determine the density of the tWo 
dimensional electron gas that is formed in the channel layer 
(layer 106) of the HEMT structure in equilibrium state. For 
MSM photodetector application, the HEMT structure 
according to the present invention has to be designed for 
enhancement mode operation, Where the density of tWo 
dimensional electron gas formed in the channel layer (layer 
106) in equilibrium state is Zero (more speci?cally, the 
threshold voltage VTh of the HEMT structure has a positive 
value). 
[0038] Hereafter, more details on manufacturing of the 
MSM photodetector according to the present invention Will 
be provided With reference to the preferred embodiments 1, 
2, and 3. It should also be noted that description of the 
numeric on the parts of the draWings are identical to those 
in FIG. 4a and FIG. 5a. 

[0039] <Embodiment 1> 

[0040] The method for manufacturing an MSM photode 
tector using a GaAs-based delta-doped HEMT structure 
according to the present invention comprises the steps of: 
forming an undoped AlxGal-xAs (0§x§0.4) buffer layer 
100 Which is groWn on a GaAs semi-insulating substrate; 
forming an undoped loW-temperature groWn InxGal-xAs 
(0§x§0.3) epitaxial layer 102 on said AlxGal-xAs buffer 
layer; forming a p-type GaAs ?rst photo-absorption layer 
104 Which is groWn on said loW-temperature groWn 
InxGal-xAs layer 102; forming an undoped GaAs second 
photo-absorption layer 106 Which is groWn on said GaAs 
?rst photo-absorption layer 104; forming an undoped 
AlxGal-xAs (0§x§0.4) ?rst barrier layer 108 Which is 
groWn on said undoped GaAs second photo-absorption layer 
106; forming an n-type delta-doped AlxGal-xAs 
(0§x§0.4) second barrier layer 110 Which is groWn on said 
undoped AlxGal-xAs (0§x§0.4) ?rst barrier layer 108; 
and forming an undoped AlxGal-xAs (0§x§0.4) third 
barrier layer 112 Which is groWn on said delta-doped 
AlxGal-xAs (0§x§0.4) second barrier layer 110. 
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[0041] A uniform-doped HEMT structure, Where said 
AlxGal-xAs second barrier layer 110 and said AlxGal-xAs 
third barrier layer 112 are uniformly n-doped, can be used. 
Also, combination of delta- and uniform-doped HEMT 
structure, Where said AlxGal-xAs second barrier layer 110 
is n-type delta-doped and said AlxGal-xAs third barrier 
layer 112 is uniformly n-doped, can be used. In the above 
structures, InxGa1—xP(x~0.5) layer can be used instead of 
AlxGal-xAs barrier layers (layers 108, 110, and 112). 

[0042] <Embodiment 2> 

[0043] The method for manufacturing a MSM photode 
tector using an InP-based delta-doped HEMT structure 
according to the present invention comprises the steps of: 
forming an undoped InP or In0.52Al0.48As buffer layer 100 
Which is groWn on an InP semi-insulating substrate; forming 
an undoped loW-temperature groWn InxGal-xAs (x2053) 
epitaxial layer 102 on said InP or In0.52Al0.48As buffer 
layer 100; forming a p-type InxGal-xAs (x=0.53) ?rst 
photo-absorption layer 104 Which is groWn on said loW 
temperature groWn InxGal-xAs (x2053) epitaxial layer 
102; forming an undoped InxGal-xAs (x=0.53) second 
photo-absorption layer 106 Which is groWn on said InxGal 
xAs ?rst photo-absorption layer 104; forming an undoped 
InxAll-xAs (x=0.52) ?rst barrier layer 108 Which is groWn 
on said undoped InxGal-xAs (x=0.53) second photo-ab 
sorption layer 106; forming an n-type delta-doped InxAll 
xAs (x=0.52) second barrier layer 110 Which is groWn on 
said undoped InxAll-xAs (x=0.52) ?rst barrier layer 108; 
and forming an undoped InxAll-xAs (x=0.52) third barrier 
layer 112 Which is groWn on said n-type delta-doped 
InxAll-xAs (x=0.52) second barrier layer 110. 

[0044] A uniform-doped HEMT structure, Where said 
InxAll-xAs second barrier layer 110 and said InxAll-xAs 
third barrier layer 112 are uniformly n-doped, can be used. 
Also, combination of delta- and uniform-doped HEMT 
structure, Where said InxAll-xAs second barrier layer 110 
is n-type delta-doped and said InxAll-xAs third barrier 
layer 112 is uniformly n-doped, can be used. 

[0045] <Embodiment 3> 

[0046] The method for manufacturing an MSM photode 
tector using a GaN-based delta-doped HEMT structure 
according to the present invention comprises the steps of: 
forming an undoped AlxGal-xN (0§x§0.4) buffer layer 
100 Which is groWn on a Sapphire or GaN substrate; forming 
an undoped loW-temperature groWn InxGal-xN (02x) epi 
taxial layer 102 on said AlxGal-xN (0§x§0.4) buffer layer 
100; forming a p-type GaN ?rst photo-absorption layer 104 
Which is groWn on said loW-temperature groWn InxGal-xN 
(02x) epitaxial layer 102; forming an undoped GaN second 
photo-absorption layer 106 Which is groWn on said GaN ?rst 
photo-absorption layer 104; forming an undoped AlxGal 
xN (0052x204) ?rst barrier layer 108 Which is groWn on 
said undoped GaN second photo-absorption layer 106; form 
ing an delta-doped AlxGal-xN (0052x204) second bar 
rier layer 110 Which is groWn on said undoped AlxGal-xN 
(0.05 2x204) ?rst barrier layer 108; and forming an 
undoped AlxGal-xN (0052x204) third barrier layer 112 
Which is groWn on said delta-doped AlxGal-xN 
(0.05 2x204) second barrier layerAuniform-doped HEMT 
structure, Where said AlxGal-xN second barrier layer 110 
and said AlxGal-xN third barrier layer 112 are uniformly 
n-doped, can be used. Also, combination of delta- and 
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uniforrn-doped HEMT structure, Where said AlxGal-xN 
second barrier layer 110 is n-type delta-doped and said 
AlxGal-xN third barrier layer 112 is uniformly n-doped, 
can be used. As described so far, Whereas the conventional 
MSM photodetector uses a very loW n-type doped barrier 
layer (the third crystal layer in FIG. 1a and FIG. 2a), the 
present invention uses a uniform or delta-doped HEMT 
structure barrier layer. 

[0047] The energy band structure of the MSM photode 
tector using a HEMT structure incorporating a loW-ternpera 
ture groWn serniconductor according to the present invention 
can signi?cantly reduce the photocurrent component by the 
holes. The effect of reduction in the hole current component 
on the overall speed performance of the MSM photodetector 
is shoWn in FIG. 6. 

[0048] Since the MSM photodetector according to the 
present invention has a much Wider frequency bandWidth 
compared with the conventional MSM photodetector, it can 
be used for high-speed optical communication systems and 
rnicroWave/rnillirneter-Wave optical communication sys 
terns having a broader bandWidth. 

What is claimed is: 
1. A method for manufacturing an MSM photodetector 

using a GaAs-based delta-doped HEMT structure according 
to the present invention, comprising the steps of: 

forming an undoped AlxGal-xAs (02 X204) buffer 
layer 100 Which is groWn on a GaAs serni-insulating 

substrate; 
forming an undoped loW-ternperature groWn lnxGal-xAs 
(02X20.3) crystal layer 102 on said AlxGal-xAs 
buffer layer 100; 

forming a p-type GaAs ?rst photo-absorption layer 104 
Which is groWn on said loW-ternperature groWn 
lnxGal-xAs layer 102; 

forming an undoped GaAs second photo-absorption layer 
106 Which is groWn on said GaAs ?rst photo-absorp 
tion layer 104; 

forming an undoped AlxGal-xAs (02x2 0.4) ?rst barrier 
layer 108 Which is groWn on said undoped GaAs 
second photo-absorption layer 106; 

forming a highly n-type delta-doped AlxGal-xAs 
(02X20.4) second barrier layer 110 Which is groWn on 
said undoped AlxGal-xAs (02X20.4) ?rst barrier 
layer 108; and 

forming an undoped AlxGal-xAs (02X20.4) third bar 
rier layer 112 Which is groWn on said highly n-type 
delta-doped AlxGal-xAs (02X20.4) second barrier 
layer 110. 

2. The method as claimed in claim 1 Wherein said 
AlxGal-xAs second barrier layer 110 is highly n-type 
delta-doped and said AlxGal-xAs third barrier layer 112 is 
uniformly n-doped. 

3. The method as claimed in claim 1 Wherein said 
AlxGal-xAs second barrier layer 110 and said AlxGal-xAs 
third barrier layer 112 are uniformly n-doped. 

4. The method as claimed in claim 1 Wherein instead of 
using said AlxGal-xAs barrier layers (layers 108, 110, and 
112) InXGa1—XP(X~0.5) barrier layers are used. 
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5. The method as claimed in claim 2 Wherein instead of 20 
using said AlxGal-xAs barrier layers (layers 108, 110, and 
112) InXGa1—XP(X~0.5) barrier layers are used. 

6. The method as claimed in claim 3 Wherein instead of 
using said AlxGal-xAs barrier layers (layers 108, 110, and 
112) InXGa1—XP(X~0.5) barrier layers are used. 

7. A method for manufacturing an MSM photodetector 
using an InP-based delta-doped HEMT structure according 
to the present invention, comprising the steps of: 

forming an undoped InP buffer layer 100 Which is groWn 
on an InP serni-insulating substrate; 

forming an undoped loW-ternperature groWn lnxGal-xAs 
(0.532X) layer 102 on said InP buffer layer 100; 

forming a p-type lnxGal-xAs (X=0.53) ?rst photo-ab 
sorption layer 104 Which is groWn on said loW-tern 
perature groWn lnxGal-xAs (X=0.53) layer 102; 

forming an undoped lnxGal-xAs (X=0.53) second photo 
absorption layer 106 Which is groWn on said lnxGal 
xAs ?rst photo-absorption layer 104; 

forming an undoped InXAll-XAs (X=0.52) ?rst barrier 
layer 108 Which is groWn on said undoped lnxGal-xAs 
(X=0.53) second photo-absorption layer 106; 

forming a highly n-type delta-doped InXAll-XAs 
(X=0.52) second barrier layer 110 Which is groWn on 
said undoped InXAll-XAs (X=0.52) ?rst barrier layer 
108; and 

forming an undoped InXAll-XAs (X=0.52) third barrier 
layer 112 Which is groWn on said highly n-type delta 
doped InxAll-xAs (X=0.52) second barrier layer 110. 

8. The method as claimed in claim 7 Wherein said 
InXAll-XAs second barrier layer 110 is highly n-type delta 
doped and said InXAll-XAs third barrier layer 112 is uni 
forrnly n-doped. 

9. The method as claimed in claim 7 Wherein said 
InXAll-XAs second barrier layer 110 and said InXAll-XAs 
third barrier layer 112 are uniformly n-doped. 

10. The method as claimed in claim 7 Wherein instead of 
using said InP buffer layer 100, an In0.52Al0.48As buffer 
layer is used. 

11. The method as claimed in claim 8 Wherein instead of 
using said InP buffer layer 100, an In0.52Al0.48As buffer 
layer is used. 

12. The method as claimed in claim 9 Wherein instead of 
using said InP buffer layer 100, an In0.52Al0.48As buffer 
layer is used. 

13. A method for manufacturing an MSM photodetector 
using a GaN-based delta-doped HEMT structure according 
to the present invention, comprising the steps of: 

forming an undoped AlxGal-xN (02X20.4) buffer layer 
100 Which is groWn on a Sapphire or GaN substrate; 

forming an undoped loW-ternperature groWn lnxGal-xN 
(0 2 X) layer 102 on said AlxGal-xN (0 2 X2 0.4) buffer 
layer 100; 

forming a p-type GaN ?rst photo-absorption layer 104 
Which is groWn on said loW-ternperature groWn 
lnxGal-xN (02X) layer 102; 

forming an undoped GaN second photo-absorption layer 
106 Which is groWn on said p-type GaN ?rst photo 
absorption layer 104; 
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forming an undoped AlxGal-xN (0.05 2x204) ?rst bar 
rier layer 108 which is grown on said undoped GaN 
second photo-absorption layer 106; 

forming a highly n-type delta-doped AlxGal-xN 
(0.05 2x204) second barrier layer 110 which is grown 
on said undoped AlxGal-xN (0052x204) ?rst bar 
rier layer 108; and 

forming an undoped AlxGal-xN (0052x204) third 
barrier layer 112 which is grown on said highly n-type 
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delta-doped AlxGal-xN (0.05 2x204) second barrier 
layer 110. 

14. The method as claimed in claim 13 wherein said 
AlxGal-xN second barrier layer 110 is highly n-type delta 
doped and said AlxGal-xN third barrier layer 112 is uni 
formly n-doped. 

15. The method as claimed in claim 13 wherein said 
AlxGal-xN second barrier layer 110 and said AlxGal-xN 
third barrier layer 112 are uniformly n-doped. 

* * * * * 


