
(19) United States 
US 2001 0026985A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0026985 A1 
(43) Pub. Date: Oct. 4, 2001 Kim et al. 

(54) FABRICATION METHOD OF SUBMICRON 
GATE USING ANSOTROPIC ETCHING 

(76) Inventors: Moon Jung Kim, Kyung Sang 
Book-Do (KR); Kyoung Hoon Yang, 
Taejon (KR); Young Se Kwon, Taejon 
(KR) 

Correspondence Address: 
BACON & THOMAS, PLLC 
625 Slaters Lane-4th Floor 
Alexandria, VA 22314-1176 (US) 

(21) Appl. No.: 09/749,785 

(22) Filed: Dec. 28, 2000 

(30) Foreign Application Priority Data 

Mar. 29, 2000 (KR)................................................. 16066 

Publication Classification 

(51) Int. Cl." .................... H01L 21/331; H01L 21/8222 
(52) U.S. Cl. ............................................ 438/312; 438/321 

91 

(57) ABSTRACT 
Disclosed is a method for fabricating a Self-aligned Submi 
cron gate electrode using an anisotropic etching process. The 
method involves the Steps of laminating a dummy emitter 
defining a dummy emitter region over a heterojunction 
bipolar transistor Structure including layerS Sequentially 
formed over a Semiconductor Substrate to define a base 
region, an emitter region, and an emitter cap region, respec 
tively, defining a line having a width of about 1 micron on 
the dummy emitter by use of a photoresist while using a 
contact aligner, Selectively anisotropic etching the dummy 
emitter at a region where the line is defined, to allow the 
dummy emitter to have an etched portion having a bottom 
Surface with a width less than the width of the line defined 
by the photoresist, and depositing a contact metal on the 
etched portion of the dummy emitter, thereby forming a 
gate. In accordance with the present invention, a reliable 
Submicron gate can be fabricated using a simple anisotropic 
wet etch proceSS and an inexpensive contact aligner. Accord 
ingly, the manufacturing costs can be reduced. In the for 
mation of a base electrode involved in the fabrication of an 
HBT device, the present invention also provides an effect of 
reducing the distance between a base and an emitter, thereby 
achieving a reduction in base resistance, by virtue of a 
Self-alignment using a V-shaped Submicron gate. 
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FABRICATION METHOD OF SUBMICRON GATE 
USING ANSOTROPIC ETCHING 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a submicron gate 
electrode of a Semiconductor device, and more particularly 
to a method for fabricating a Self-aligned Submicron gate 
electrode using an anisotropic etching process. 
0003 2. Description of the Related Art 
0004 Remarkable development recently made in radio 
communication fields has resulted in an increased demand 
for ultrahigh broadband communication networks. An exem 
plary one of Such networks is a network for local multipoint 
distribution Services in which audio, Video conference, and 
digital Signals are simultaneously transmitted at a bandwidth 
of 1.3 GHz within a service area of 2 to 7 Km in radius, 
using a 28 GHz “Ka-band'. In order to construct such an 
ultrahigh broadband communication network, it is very 
important to develop ultrahigh-frequency devices operating 
the above mentioned frequency band while achieving a 
miniature and high performance of devices. To this end, 
active research efforts have been made. In particular, devices 
including Submicron gates have been highlighted. 
0005 Conventional techniques associated with submi 
cron gates are disclosed in U.S. Pat. No. 5,288,645 (entitled 
"Method of making a mushroom-shaped gate electrode of 
semiconductor device), and U.S. Pat. No. 5,053,348 
(entitled “Fabrication of self-aligned, T-gate HEMT). How 
ever, these techniques require an expensive exposure pro 
ceSS, Such as an electron beam writing process or a stepped 
exposure process, to form a Submicron gate. Furthermore, 
these techniques involve eXecution of a number of Semicon 
ductor processes including repeated exposure, deposition 
and etching. In order to obtain a desired Self-alignment of 
the Submicron gate, diverse Semiconductor processes for 
forming, for example, Sidewalls, should be conducted. 
0006 Another conventional technique is known in asso 
ciation with Submicron gates. For example, the following 
references discloses a method in which an electron beam 
Writing proceSS is repeatedly used to form a Submicron gate, 
and Sidewalls are formed using a dielectric material to obtain 
a Self-alignment of the Submicron gate. 
0007 Reference 
0008 1. A dielectric-defined process for the formation of 
T-gate field-effect transistors. G. M. Metze. IEEE MGWL. 
Vol. 1, No. 8, August 1991. 
0009 2. High-Frequency low power IC's in a scaled 
submicrometer HBT technology. IEEE MTT. Vol. 45, No. 
12, December 1997. 
0.010 However, this technique requires an expensive 
exposure process, Such as an electron beam writing proceSS 
or a stepped exposure process, or a complex process involv 
ing a formation of Sidewalls, to form a Self-aligned Submi 
cron gate. As a result, there is a drawback of an increase in 
the manufacturing costs. 

SUMMARY OF THE INVENTION 

0.011 Therefore, the present invention has been made in 
view of the above mentioned problems, and an object of the 
present invention is to provide a Submicron gate fabrication 
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method capable of fabricating a reliably Self-aligned Sub 
micron gate using a simplified process. 
0012. In order to accomplish this object, the present 
invention provides a method for fabricating a Submicron 
gate comprising the Steps of: (a) laminating a dummy 
emitter defining a dummy emitter region over a heterojunc 
tion bipolar transistor Structure including layerS Sequentially 
formed over a Semiconductor Substrate to define a base 
region, an emitter region, and an emitter cap region, respec 
tively; (b) defining a line having a width of about 1 micron 
on the dummy emitter by use of a photoresist while using a 
contact aligner; (c) Selectively anisotropic etching the 
dummy emitter at a region where the line is defined, to allow 
the dummy emitter to have an etched portion having a 
bottom Surface with a width less than the width of the line 
defined by the photoresist; and (d) depositing a contact metal 
on the etched portion of the dummy emitter, thereby forming 
a gate. 

0013 A contact metal is deposited over the resulting 
Structure with the gate, thereby Self-aligning the gate. 
0014. In the formation of a base electrode involved in the 
fabrication of an HBT device, the present invention also 
provides an effect of reducing the distance between a base 
and an emitter as much as possible, thereby achieving a 
reduction in base resistance, in that it enables a Self align 
ment using a V-shaped Submicron gate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The above objects, and other features and advan 
tages of the present invention will become more apparent 
after a reading of the following detailed description when 
taken in conjunction with the drawings, in which: 
0016 FIG. 1 is a cross-sectional view illustrating an 
essential laminated Structure according to the embodiment 
of the present invention; 
0017 FIG. 2 is a cross-sectional view illustrating a 
Structure obtained after patterning a photoresist (21) using a 
conventional contact aligner; 
0018 FIG. 3 is a cross-sectional view illustrating a 
Structure obtained after Selectively wet-etching a first 
InGaAs layer (12); 
0019 FIG. 4 is a cross-sectional view illustrating a 
structure obtained after selectively wet-etching a first InP 
layer (13); 
0020 FIG. 5 is a cross-sectional view illustrating a 
structure obtained after depositing a metal (51) over the 
entire upper surface of the structure shown in FIG. 4, for the 
formation of a gate; 
0021 FIG. 6 is a cross-sectional view illustrating a 
Structure obtained to have a V-shaped gate after lifting off 
the photoresist (21); 
0022 FIG. 7 is a cross-sectional view illustrating a 
Structure obtained after Sequentially removing the first 
InGaAs layer (12) and first InPlayer (13); 
0023 FIG. 8 is a cross-sectional view illustrating a 
Structure obtained after anisotropically wet-etching a Second 
InGaAs layer (14) and a second InPlayer (15) using the 
V-shaped gate (61), formed in a process of FIG. 7, as a 
mask, and 
0024 FIG. 9 is a cross-sectional view illustrating a final 
device produced after a Self-alignment of the gate. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.025 Now, a preferred embodiment of the present inven 
tion will be described in detail, with reference to the annexed 
drawings. 

0.026 FIGS. 1 to 9 illustrate sequential steps of a submi 
cron gate fabrication and Self-alignment procedure accord 
ing to an embodiment of the present invention, respectively. 

0.027 FIG. 1 illustrates an essential laminated structure 
according to the embodiment of the present invention in 
which a dummy emitter is laminated on a general InP/ 
InGaAs heterojunction bipolar transistor (HBT) structure. 
As shown in FIG. 1, this structure is formed by laminating 
InGaAs layers (12, 14, and 16), and InPlayers (13 and 15) 
over a Fe-doped InP substrate (11) in an alternating fashion, 
using a laminated growth equipment Such as MOCVD or 
MBE. 

0028. The second InP layer (15) defines an emitter 
region, the Second InCaAS layer (14) an emitter cap region, 
and the third InCaAS layer (16) a base region, respectively. 
The first InGaAs layer (12) and the first InPlayer (13) define 
dummy emitter regions, respectively. The first InPlayer (13) 
has a thickness H1 more than the thickness H2 of the second 
InPlayer (15) in order to obtain a self-aligned structure. That 
is, this thickneSS relation is adapted to Satisfy a condition of 
“L2<L3<L1 in FIG. 8. 

0029. In order to define a region where a gate is to be 
formed, a line having a width L1 of about 1 um is then 
patterned on the structure of FIG. 1 using a photoresist (21), 
as shown in FIG. 2. The line width L1 is limited by the 
resolution of a contact aligner. 
0030) Thereafter, the first InCaAs layer (12) is selectively 
etched under the condition in which the patterned photore 
sist (21) formed at the step of FIG. 2 is used as a mask, as 
shown in FIG. 3. HPO:HO:HO is used as an etchant in 
order to achieve the selective etching of the first InCaAS 
layer (12) without any substantial influence on the first InP 
layer (13). 
0031) The first InPlayer (13) is then etched, as shown in 
FIG. 4. At this etching step, HCl:HPO is used as an 
etchant in order to achieve the Selective etching of the first 
InPlayer (13) without any substantial influence on the first 
and second InGaAs layer (12 and 14). Referring to FIG. 4, 
it can be found that the first InPlayer (13) exhibits aniso 
tropic etch characteristics due to an etch Selectivity differ 
ence resulting from a variation in lattice direction in the first 
InP layer (13). That is, the first InP layer (13) is not 
isotropically etched, but anisotropically etched in accor 
dance with the variation in lattice direction, So that it has an 
inclined etch croSS Section. 

0032) Where the etching of the first InPlayer (13) is 
carried out under the condition in which the first InCaAS 
layer (12) is used as a mask, as shown in FIG. 4, it is begun 
from the region where the first InCaAS layer (12) is opened, 
and then anisotropically progressed along the depth of the 
first InPlayer (13) so that the etch cross section of the first 
InPlayer (13) has an inclination 0. The etching of the first 
InPlayer (13) is stopped by the second InGaAs layer (14), 
so that the second InGaAs layer (14) and the second InP 
layer (15) are hardly etched. 
0033. The inclination 0 is determined by the kind, con 
centration, and temperature of the etchant used. 
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0034. The bottom width of the etch cross section, L2, is 
determined by the line width L1, the thickness of the first InP 
layer (13), H1, and the inclination 0. That is, the bottom 
width L2 corresponds to “L1-2xH1/tan 0” (L2=L1-2xH1/ 
tan 0). Accordingly, L2 of a Submicron unit can be appro 
priately defined by adjusting L1, H1, and 0. 
0035) Subsequently, a contact metal (51) is deposited 
over the entire upper Surface of the Structure obtained at the 
Step of FIG. 4, using an electron-beam evaporator or a 
thermal evaporator, as shown in FIG. 5. At this time, the 
contact metal (51) has a V-shaped structure at a portion 
thereof deposited at the region where the first InPlayer (13) 
is etched. The V-shaped structure of the contact metal (51) 
has an inclination corresponding to the inclination formed 
by the anisotropic etching of the first InPlayer (13). 
0036) Thereafter, the portion of the contact metal (51) 
arranged on the photoresist (21) is lifted off along with the 
photoresist (21), as shown in FIG. 6. 
0037 Following the lift-off process, the first InCaAS 
layer (12) and first InPlayer (13) are selectively etched, 
thereby forming a gate (61) made of the remaining contact 
metal (51), as shown in FIG. 7. Using the gate (61) as a 
mask, the second InGaAs layer (14) and second InPlayer 
(15) arranged beneath the gate (61) are then sequentially 
etched in accordance with an anisotropic wet etch process. 
For the etching of the first and second InGaAs layer (12 and 
14), HPO:HO:HO is used as an etchant whereas 
HCl:HPO is used as an etchant for the first and second InP 
layers (13 and 15). After the completion of the etching steps, 
an inclined structure made of the second InPlayer (15) is 
obtained which has an inclination resulting from a variation 
in etch selectivity exhibited in the second InPlayer (15). The 
bottom width of the inclined structure, L3, is also deter 
mined by the line width L1, the inclination 0, and the 
thickness of the second InPlayer (15), H2. That is, the 
bottom width L3 corresponds to “L2+2xH2/tan 0” (L3=L2+ 
2xH2/tan 0). Since H2 is less than H1, L3 is more than L2 
even though it is less than L1. Of course, the inclination 0 
asSociated with L3 corresponds to the inclination 0 associ 
ated with L2. 

0038. Thus, the gate (61) has a self-aligned structure in 
that its region includes the region defined by L3. 
0039 Finally, a contact metal (91) is deposited over the 
structure obtained after the process of FIG. 8, for a self 
alignment of the gate, as shown in FIG. 9. 
0040 AS apparent from the above description, in accor 
dance with the present invention, the fabrication of a Sub 
micron gate is carried out using the existing exposure 
process Such as an anisotropic wet etch process without use 
of any Separate equipment. Accordingly, it is possible to 
Simplify the fabrication of the Submicron gate, thereby 
achieving a reduction in the manufacturing costs. 
0041. In the formation of a base electrode involved in the 
fabrication of an HBT device, the present invention also 
provides an effect of reducing the distance between a base 
and an emitter as much as possible, thereby achieving a 
reduction in base resistance, in that it enables a Self-align 
ment using a V-shaped Submicron gate. 
0042 Although the preferred embodiments of the inven 
tion have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and Substitutions are possible, without departing 
from the Scope and Spirit of the invention as disclosed in the 
accompanying claims. 
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What is claimed is: 
1. A method for fabricating a Submicron gate comprising 

the Steps of: 
(a) laminating a dummy emitter defining a dummy emitter 

region over a heterojunction bipolar transistor Structure 
including layerS Sequentially formed over a Semicon 
ductor Substrate to define a base region, an emitter 
region, and an emitter cap region, respectively; 

(b) defining a line having a width of about 1 micron on the 
dummy emitter by use of a photoresist while using a 
contact aligner; 

(c) Selectively anisotropic etching the dummy emitter at a 
region where the line is defined, to allow the dummy 
emitter to have an etched portion having a bottom 
Surface with a width less than the width of the line 
defined by the photoresist; and 

(d) depositing a contact metal on the etched portion of the 
dummy emitter, thereby forming a gate. 

2. The method according to claim 1, further comprising 
the step of: 

(e) depositing a contact metal over a structure obtained 
after completion of the Step (d), thereby Self-aligning 
the gate. 

3. The method according to claim 1, wherein the dummy 
emitter formed at the step (a) has a thickness more than the 
thickness of the layer defining the emitter region. 

4. The method according to claim 2, wherein the dummy 
emitter formed at the step (a) has a thickness more than the 
thickness of the layer defining the emitter region. 

5. The method according to claim 1, wherein the bottom 
width of the etched dummy emitter portion formed at the 
Step (c) is adjusted to have a Submicron unit in accordance 
with an adjustment for the width of the line defined by the 
photoresist, the thickness of the dummy emitter, and an etch 
inclination of the etched dummy emitter portion resulting 
from the anisotropic etching. 

6. The method according to claim 2, wherein the bottom 
width of the etched dummy emitter portion formed at the 
Step (c) is adjusted to have a Submicron unit in accordance 
with an adjustment for the width of the line defined by the 
photoresist, the thickness of the dummy emitter, and an etch 
inclination of the etched dummy emitter portion resulting 
from the anisotropic etching. 

7. The method according to claim 1, wherein the Step (a) 
comprises the Steps of: 

preparing an InP Substrate as the Semiconductor Substrate; 
and 

laminating first through third InGaAS layers and first and 
second InPlayers over the InP Substrate in an alternat 
ing fashion to define the base region by the third 
InGaAs layer arranged just above the InP substrate, the 
emitter region by the Second InPlayer arranged just 
above the third InGaAS layer, the emitter cap region by 
the Second InGaAS layer arranged just above the Sec 
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ond InPlayer, and the dummy emitter region by the first 
InPlayer and the first InCaAs layer arranged over the 
Second InGaAS layer. 

8. The method according to claim 2, wherein the Step (a) 
comprises the Steps of: 

preparing an InP Substrate as the Semiconductor Substrate; 
and 

laminating first through third InGaAS layers and first and 
second InPlayers over the InP Substrate in an alternat 
ing fashion to define the base region by the third 
InGaAs layer arranged just above the InP Substrate, the 
emitter region by the Second InPlayer arranged just 
above the third InGaAS layer, the emitter cap region by 
the Second InCaAS layer arranged just above the Sec 
ond InPlayer, and the dummy emitter region by the first 
InPlayer and the first InCaAs layer arranged over the 
Second InGaAS layer. 

9. The method according to claim 1, wherein the step (d) 
comprises the Steps of: 

depositing a contact metal over a structure obtained after 
completion of the step (c); 

lifting off a portion of the contact metal arranged on the 
photoresist, along with the photoresist; 

Selectively etching the dummy emitter, thereby forming 
the gate; and 

Selectively anisotropic etching portions of the heterojunc 
tion bipolar transistor Structure respectively corre 
sponding to the emitter cap region and the emitter 
region while using the gate as a mask, thereby allowing 
the gate to have a Self-aligned Structure. 

10. The method according to claim 2, wherein the step (d) 
comprises the Steps of: 

depositing a contact metal over a structure obtained after 
completion of the step (c); 

lifting off a portion of the contact metal arranged on the 
photoresist, along with the photoresist; 

Selectively etching the dummy emitter, thereby forming 
the gate; and 

Selectively anisotropic etching portions of the heterojunc 
tion bipolar transistor Structure respectively corre 
sponding to the emitter cap region and the emitter 
region while using the gate as a mask, thereby allowing 
the gate to have a Self-aligned Structure. 

11. The method according to claim 9, wherein the emitter 
region defining layer left after the Selective anisotropic 
etching of the hetero bipolar transistor Structure has a bottom 
width less than the width of the line defined by the photo 
resist while being more than the bottom width of the etched 
portion formed at the step (c), in accordance with an 
adjustment for the width of the line defined by the photo 
resist, the thickness of the emitter defining layer, and an etch 
inclination of the etched dummy emitter portion resulting 
from the anisotropic etching at the step (c). 

k k k k k 


