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(57) ABSTRACT 

Disclosed is a manufacturing method of a high electron 
mobility transistor. The method includes: forming a source 
electrode and a drain electrode on a Substrate; forming a first 
insulating film having a first opening on an entire Surface of 
the Substrate, the first opening exposing a part of the Sub 
strate; forming a second insulating film having a second open 
ing within the first opening, the second opening exposing a 
part of the Substrate; forming a third insulating film having a 
third opening within the second opening, the third opening 
exposing a part of the Substrate; etching a part of the first 
insulating film, the second insulating film and the third insu 
lating film so as to expose the Source electrode and the drain 
electrode; and forming a T-gate electrode on a Support struc 
ture including the first insulating film, the second insulating 
film and the third insulating film. 
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HIGHELECTRON MOBILITY TRANSISTOR 
AND MANUFACTURING METHOD 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based on and claims priority 
from Korean Patent Application No. 10-2012-0006224, filed 
on Jan. 19, 2012, with the Korean Intellectual Property Office, 
the disclosure of which is incorporated herein in its entirety 
by reference. 

TECHNICAL FIELD 

0002 The present disclosure relates to a method of manu 
facturing a semiconductor device. More particularly, the 
present disclosure relates to a high electron mobility transis 
tor having a T-gate electrodestructure using an insulating film 
of a hetero-junction semiconductor device, and a manufac 
turing method of the same. 

BACKGROUND 

0003. In general, in a high electron mobility transistor 
(HEMT), that is, a compound semiconductor device, one or 
more layers included within the device have very different 
lattice constants from those of other materials within the 
device. Due to such a lattice mismatch, the structure of a 
material forming a channel layer is deformed. In the HEMT, 
stress distortion caused by Such a lattice mismatch improves 
electron mobility in the channel layer, thereby improving the 
operation speed of the device. 
0004. The HEMT has a difficulty in substrate growth, but 
has an increase in the density of charges transferred to the 
channel layer, and a high electron mobility. In other words, 
the HEMT has a higher power and an improved noise char 
acteristic. Accordingly, the HEMT can be operated in a high 
frequency. Further, the HEMT is more excellent in an electron 
speed characteristic than an electronic device using silicon, 
and thus is widely applied to microwave or millimeter wave 
band devices. Especially, since the HEMT has advantages 
Such as a low Super-high frequency noise characteristic, the 
HEMT is an important device used to develop millimeter 
wave band circuits and components with high-performance 
for wireless communications. 

0005 Meanwhile, in a high-speed device, a gate length has 
to be decreased to achieve a high modulation operation, and 
further, it is required to improve a noise characteristic by 
reducing a gate resistance. Thus, a T-gate or mushroom-gate 
having a wide cross-sectional area is essentially used. 
0006. The T-gate or mushroom-gate is generally formed 
through an electron beam lithography method or a photoli 
thography method. However, since in the photolithography 
method, the resolution was insufficient to form a fine line 
width of a gate electrode, the electron beam lithography 
method has been conventionally used to form a T-gate elec 
trode. In the electron beam lithography method, a double 
layered or triple-layered photosensitive film is generally 
used. 

0007 FIG. 1 is a cross-sectional view illustrating the con 
figuration of a transistor having a conventional a T-gate elec 
trode structure. 
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0008. As shown in FIG. 1, on a substrate 103, a source 
electrode 109a and a drain electrode 109b are in ohmic con 
tact with each other, and an insulating film 111 and a gate 
electrode 113 are formed. 

0009. However, in the transistor having a conventional 
T-gate electrode structure, the width of a gate length may be 
increased due to wet etching, and a high frequency character 
istic may be deteriorated due to an increase of gate-source and 
gate-drain capacitance. 
0010 Further, in the transistor having the conventional 
T-gate electrode structure, since wet etching is performed by 
using an etch stopping layer 105, it is required to accurately 
adjust an etching rate. Since an undercut may be formed due 
to an etching characteristic in which the wet-etching is per 
formed in lateral directions not only in a depth direction, 
Source resistance may increase and a gate length may be 
changed. This may have an influence on the improvement in 
performance of a device. 

SUMMARY 

0011. The present disclosure has been made in an effort to 
solve the above described problems, and provides a high 
electron mobility transistor for improving the stability of a 
gate electrode, and protecting an active area. 
0012 Another object of the present disclosure is to pro 
vide a high electron mobility transistor for reducing a para 
sitic capacitance. 
0013. A further object of the present disclosure is to pro 
vide a high electron mobility transistor for reducing a gate 
resistance. 

0014. A still further object of the present disclosure is to 
provide a method of manufacturing a high electron mobility 
transistor, wherein in the high electron mobility transistor, a 
fine line width of a gate is maintained, a source resistance is 
reduced, and a gate-source capacitance and a gate-drain 
capacitance are reduced so as to improve a high frequency 
characteristic. 

0015. An exemplary embodiment of the present disclosure 
provides a high electron mobility transistor including: a Sub 
strate; a source electrode and a drain electrode formed on the 
substrate; a insulating film formed between the source elec 
trode and the drain electrode, which has an opening therein; 
and a T-gate electrode formed on a top of the insulating film. 
0016. Another exemplary embodiment of the present dis 
closure provides a method of manufacturing a high electron 
mobility transistor, the method including: forming a source 
electrode and a drain electrode on a Substrate; forming a first 
insulating film having a first opening on an entire Surface of 
the Substrate, the first opening exposing a part of the Sub 
strate; forming a second insulating film having a second open 
ing within the first opening, the second opening exposing a 
part of the Substrate; forming a third insulating film having a 
third opening within the second opening, the third opening 
exposing a part of the Substrate; etching a part of the first 
insulating film, the second insulating film and the third insu 
lating film so as to expose the Source electrode and the drain 
electrode; and forming a T-gate electrode on a Support struc 
ture including the first insulating film, the second insulating 
film and the third insulating film. 
0017. As described above, the inventive high electron 
mobility transistor including an insulating film with a line 
width has an effect in improving the stability of a T-gate 
electrode. 
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0018. Also, since the high electron mobility transistor has 
a structure wherein the insulating film remains under a head 
portion of the T-gate electrode, it is possible to improve the 
output characteristic of a drain electrode. 
0019. Also, in the method of manufacturing the high elec 
tron mobility transistor, a dry etching method is used for 
etching a gate recess. Thus, it is possible to maintain the fine 
line width of the T-gate electrode, to reduce the gate-source 
capacitance and the gate-drain capacitance, and to improve a 
cut-off frequency and a high frequency characteristic due to 
reduction of a gate length. 
0020. Also, in the method of manufacturing the high elec 
tron mobility transistor, a double-layered or triple-layered 
electron beam resist is not used. Thus, it is possible to reduce 
a time and a cost for the manufacturing process 
0021. The foregoing summary is illustrative only and is 
not intended to be in any way limiting. In addition to the 
illustrative aspects, embodiments, and features described 
above, further aspects, embodiments, and features will 
become apparent by reference to the drawings and the fol 
lowing detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a cross-sectional view illustrating the con 
figuration of a transistor having a conventional T-gate elec 
trode structure. 
0023 FIG. 2 is a cross-sectional view illustrating the con 
figuration of a high electron mobility transistor according to 
one embodiment of the present disclosure. 
0024 FIGS. 3A to 3P show a process flow of a method of 
manufacturing the high electron mobility transistoraccording 
to one embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0025. In the following detailed description, reference is 
made to the accompanying drawings, which form a part 
hereof. The illustrative embodiments described in the 
detailed description, drawings, and claims are not meant to be 
limiting. Other embodiments may be utilized, and other 
changes may be made, without departing from the spirit or 
Scope of the Subject matter presented here. 
0026. Hereinafter, exemplary embodiments of the present 
disclosure will be described in detail with reference to the 
accompanying drawings. In a description of the present dis 
closure, a detailed description of related known configura 
tions and functions will be omitted when it may make the 
essence of the present disclosure obscure. 
0027 FIG. 2 is a cross-sectional view illustrating the con 
figuration of a high electron mobility transistor according to 
one embodiment of the present disclosure. 
0028 Referring to FIG. 2, the inventive high electron 
mobility transistor includes a substrate 201, a source elec 
trode 202a, a drain electrode 202b, insulating films 203,206, 
and 208 and a T-gate electrode 213. 
0029. The substrate 201 may be a highly resistant silicon 
substrate, a silicon carbide (SiC) substrate, a sapphire sub 
strate or the like having an epitaxially grown layer. 
0030 The source electrode 202a is formed on one side of 
the top of the substrate 201, and the drain electrode 202b is 
formed on the other side of the top of the substrate 201. 
Herein, the source electrode 202a and the drain electrode 
202b may be made of a conductive metal such as Ti/Al/Ni/Au. 
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0031. The insulating films 203, 206, and 208 are formed 
between the source electrode 202a and the drain electrode 
202b, and have an opening 209 with a fine line width of 0.1 to 
0.3 um. Herein, the insulating films 203, 206, and 208 may 
include a silicon nitride film or a silicon oxide film. 

0032. The T-gate electrode 213 is formed on the top of the 
insulating films 203, 206, and 208. Specifically, the head 
portion of the T-gate electrode 213 is supported by the insu 
lating films 203, 206, and 208, and the body portion of the 
T-gate electrode 213 formed in the opening 209 of the insu 
lating films 203, 206, and 208. 
0033 FIGS. 3A to 3P show a process flow of a method of 
manufacturing the high electron mobility transistoraccording 
to one embodiment of the present disclosure. 
0034) Referring to FIG. 3A, on the substrate 201, the 
source electrode 202a and the drain electrode 202b are 
formed. Herein, the substrate 201 is an insulating substrate, 
which may be a highly resistant silicon Substrate, a silicon 
carbide(SiC) substrate, a sapphire substrate or the like, having 
an epitaxially grown layer. 
0035 Also, the source electrode 202a and the drain elec 
trode 202b may be made of an alloy of conductive metals 
(e.g., Ti/Al/Ni/Au, etc.) through a rapid thermal processing 
method. 

0036 Referring to FIG. 3B, after the source electrode 
202a and the drain electrode 202b are formed, a first insulat 
ing film 203 is formed on the entire surface of the substrate 
201. Herein, the first insulating film 203 may be deposited 
through a plasma enhanced chemical vapor deposition 
(PECVD) method or a sputtering method. Herein, the first 
insulating film 203 may be realized in a silicon nitride film or 
a silicon oxide film. Also, the insulating film 203 is preferably 
formed with a thickness of about 1500 to 2000 in order to 
support the T-gate electrode 213 (to be described later) and at 
the same time to protect the active area of a device. 
0037 Referring to FIG. 3C, on the insulating film 203, a 
photosensitive film (polymethyl methacrylate: PMMA) 204 
of a single layer is coated. Herein, the photosensitive film 204 
is subjected to a baking process at 190° C. for 2 minutes. At 
this time, the photosensitive film 204 has a thickness of about 
2500 to 3500 A. 
0038 Referring to FIG. 3D, the photosensitive film 204 is 
subjected to an exposure process with a line width of 0.5 to 0.7 
um by using a mask pattern, and Subjected to a developing 
process so that the first insulating film 203 can be exposed 
through the first opening 205 with a line width of 0.5 to 0.7 
um. Herein, a plasmaashing process is performed so that the 
photosensitive film 204 cannot remain. 
0039 Referring to FIG.3E, through a dry etching method 
using reactive ion etching (RIE), the exposed first insulating 
film 203 is anisotropically etched so as to expose the substrate 
201. Accordingly, the substrate 201 is exposed through the 
first opening 205 with a line width of 0.5 to 0.7 um. Herein, 
the first insulating film 203 is preferably over-etched so as to 
not remain on the substrate 201. 

0040. Referring to FIG. 3F, on the entire surface of the 
substrate 201, a second insulating film 206 is formed with a 
thickness of 1000 A through a plasma enhanced chemical 
vapor deposition (PECVD) method or a sputtering method. 
Accordingly, naturally, on the second insulating film 206, a 
second opening 207 with a line width of 0.3 to 0.5 um is 
formed. Herein, the second insulating film 206 may be real 
ized in a silicon nitride film or a silicon oxide film. 
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0041 Referring to FIG.3G, through a dry etching method 
using reactive ion etching (RIE), the exposed second insulat 
ing film 206 is anisotropically etched. 
0042. Referring to FIG.3H, through a dry etching method 
using reactive ion etching (RIE) the exposed second insulat 
ing film 206 is continuously anisotropically etched so as to 
expose the substrate 201. Accordingly, the substrate 201 is 
exposed through the second opening 207 with a line width of 
0.3 to 0.5 on. 
0043 Referring to FIG.3I, through a lift-off process using 
acetone, the photosensitive film 204 and the second insulating 
film 206 formed on the top of the photosensitive film 204 are 
removed. 
0044) Referring to FIG. 3J, on the entire surface of the 
substrate 201, a third insulating film 208 is formed with a 
thickness of 1000 A through a plasma enhanced chemical 
vapor deposition (PECVD) method or a sputtering method. 
Accordingly, naturally, on the third insulating film 208, a 
third opening 209 with a fine line width of 0.1 to 0.3 um is 
formed. Herein, the third insulating film 208 may be realized 
in a silicon nitride film or a silicon oxide film. 
0045 Referring to FIG.3K, through a dry etching method 
using reactive ion etching (RIE), the exposed third insulating 
film 208 is anisotropically etched. 
0046 Referring to FIG.3L, through a dry etching method 
using reactive ion etching (RIE) the exposed third insulating 
film 208 is continuously anisotropically etched so as to 
expose the substrate 201. Accordingly, the substrate 201 is 
exposed through the third opening 209 with a fine line width 
of 0.1 to 0.3 um. 
0047 Referring to FIG.3M, through a dry etching method 
using reactive ion etching, the exposed first insulating film 
203, the exposed second insulating film 206 and the exposed 
third insulating film 208 are anisotropically etched so as to 
expose the source electrode 202a and the drain electrode 
202b. 
0048 Referring to FIG. 3N, on the entire surface of the 
substrate 201, a photosensitive film 210 of a single layer is 
coated. Herein, the photosensitive film 210 is subjected to a 
baking process, and Subjected to an exposure process with a 
line width of 1.0 to 1.2 Lumby using a mask pattern. Herein, as 
the exposure light source, UV (I-line, 365 nm) is used. 
0049. Then, through a dry etching method using induc 

tively coupled plasma, the photosensitive film 210 is recess 
etched so as to form a fourth opening 211 with a line width of 
1.0 to 1.2 Lum. Herein, as gas, BC1/Cl is used. The current 
between the source electrode 202a and the drain electrode 
202b is adjusted while the photosensitive film 210 is selec 
tively recess-etched. 
0050 Referring to FIG. 30, on the entire surface of the 
substrate 201, a gate electrode metal 212, including Ni/Au, is 
deposited through electronbeam vacuum deposition. Herein, 
the total thickness of the gate electrode metal 212 ranges from 
2500 to 3000 A. 
0051 Referring to FIG.3P, through a lift-off process, the 
photosensitive film 210 and the gate electrode metal 212 
formed on the top of the photosensitive film 210 are removed. 
Then, the T-gate electrode 213 is formed, thereby providing a 
high electron mobility transistor. Herein, the insulating film 
remaining on the substrate 201 can be also removed. 
0052 From the foregoing, it will be appreciated that vari 
ous embodiments of the present disclosure have been 
described herein for purposes of illustration, and that various 
modifications may be made without departing from the scope 
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and spirit of the present disclosure. Accordingly, the various 
embodiments disclosed herein are not intended to be limiting, 
with the true scope and spirit being indicated by the following 
claims. 
What is claimed is: 
1. A high electron mobility transistor comprising: 
a Substrate; 
a source electrode and a drain electrode formed on the 

Substrate; 
a insulating film formed between the source electrode and 

the drain electrode, which has an opening therein; and 
a T-gate electrode formed on a top of the insulating film. 
2. The high electron mobility transistor of claim 1, wherein 

the Substrate is a highly resistant silicon Substrate, a silicon 
carbide (SiC) substrate or a sapphire substrate, which has an 
epitaxially grown layer. 

3. The high electron mobility transistor of claim 1, wherein 
the opening has a line width of 0.1 to 0.3 um. 

4. The high electron mobility transistor of claim 1, wherein 
the insulating film comprises a silicon nitride film or a silicon 
oxide film. 

5. A method of manufacturing a high electron mobility 
transistor, the method comprising: 

forming a source electrode and a drain electrode on a 
Substrate; 

forming a first insulating film having a first opening on an 
entire Surface of the Substrate, the first opening exposing 
a part of the substrate; 

forming a second insulating film having a second opening 
within the first opening, the second opening exposing a 
part of the substrate; 

forming a third insulating film having a third opening 
within the second opening, the third opening exposing a 
part of the substrate; 

etching a part of the first insulating film, the second insu 
lating film and the third insulating film so as to expose 
the source electrode and the drain electrode; and 

forming a T-gate electrode on a Support structure compris 
ing the first insulating film, the second insulating film 
and the third insulating film. 

6. The method of claim 5, wherein the forming the first 
insulating film having the first opening comprises: 

forming the first insulating film on the entire surface of the 
Substrate; 

forming a photosensitive film on the first insulating film; 
Subjecting the photosensitive film to an exposure process 

and a developing process to form a photosensitive film 
pattern for exposing a part of the first insulating film by 
a line width of the first opening; and 

etching the part of the first insulating film by using the 
photosensitive film pattern as a mask. 

7. The method of claim 6, wherein in the etching the part of 
the first insulating film, the part of the first insulating film is 
etched through reactive ion etching. 

8. The method of claim 5, wherein the forming the second 
insulating film having the second opening comprises: 

forming the second insulating film on the entire Surface of 
the substrate; 

exposing the part of the substrate by a line width of the 
second opening by etching a part of the second insulat 
ing film; and 

removing a photosensitive film pattern and the second 
insulating film on the photosensitive film pattern. 
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9. The method of claim 8, wherein in the exposing the part 
of the substrate by the line width of the second opening, the 
part of the second insulating film is etched through reactive 
ion etching. 

10. The method of claim 8, wherein in the removing the 
second insulating film on the photosensitive film pattern, the 
photosensitive film pattern and the second insulating film on 
the photosensitive film pattern are removed through a lift-off 
process using acetone. 

11. The method of claim 5, wherein the forming the third 
insulating film having the third opening comprises: 

forming the third insulating film on the entire surface of the 
Substrate; and 

exposing the part of the substrate by a line width of the third 
opening by etching a part of the third insulating film. 

12. The method of claim 11, wherein in the exposing the 
part of the substrate by the line width of the third opening, the 
part of the third insulating film is etched through reactive ion 
etching. 

13. The method of claim 5, wherein the forming the T-gate 
electrode comprises: 

forming an image reversal photosensitive film for exposing 
the Support structure; and 

depositing a gate electrode metal on the entire Surface of 
the Substrate and performing a lift-off process so as to 
form the T-gate electrode. 

k k k k k 
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