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Abstract

In this project, a gate structure named
V-groove Airbridge Gate is firstly proposed.
This novel gate, taking advantage of
anisotropic V-Groove etching of undoped
GaAs, can achieve submicrometer gate length
and have large cross sectional area at the
same time, employing only one layer of
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photoresist and common 1-um optical contact
lithography. Based upon a thorough
consideration  of  V-groove  etching
characteristics, an epitaxial heterostructure is
designed, and a feasible processing procedure
as well as optimum process conditions for
fabricating the gate structure is also
developed. This processing procedure is
relatively simple and reliable, and is proved to
have a very high production yield, which is
important to industrial mass-production
applications.

The V-groove air-bridge gate structure
is applied to practical fabrication of
In0.49Ga0.51P/GaAs/In0.2Ga0.8As
DCFET’s. As compared with traditional gate
DCFET’s fabricated with the same epi and
the same lithographic technology, better DC
and microwave performances are obtained by
the V-gate devices. They exhibit a better
current drivability, and leads to larger values
of transconductance, channel current, and
current-gain cut-ff frequency. These better
performances imply the potential of being
used as a high-speed power device.

Keywords: V-groove gate, InGaP, HEMT

2. Introduction

For field-effect transistors, short gate
lengths are essential to high frequency device
performance. Besides, the parasitic gate
resistance has to be kept small simultaneously
as the gate length shortened; otherwise the
device would suffer from increased noise
figure. There, proposed are ate structures
exhibiting small gate length and large cross




section such as so-called mushroom gate or
T-gate. However, there realization has to be
attained by delicate  multi-layer-resist
rechnique and costly electron beam
lithography, and the yield is not satifactory
either.

3.1 Realization of V-Groove Gate

«— Photoresist
InGaP stop layer
<«— GaAs/InGaAs channel

(100) undoped GaAs

S.1 GaAs
@

m DRI o=
(100) undoped GaAs

S. L GaAs
()

(111}Ga planes

S. L GaAs
©

Fig. 1. V-groove gate formation.

Fabrication steps of submicron V-groove
gates are illustrated in Fig. 1. Using gas
source MBE, a thick layer of (100) undoped
GaAs is grown on top of a InGaP etch-stop
layer, which is in turn grown on top of
conducting channels. The substrate is firstly
spun on a film of photoresist (Fig. 1(a)). The
resist is then patterned into finite openings by
1-um contact printing lithography, as shown
in Fig. 1(b). Anisotropic wet etching is
subsequently conducted to form V-grooves
through the openings (Fig. 1(c)). Due to
etching selectivity between GaAs and InGaP,
the etching process in vertical direction
essentially stops automatically as soon as the
InGaP layer is reached (Fig. 1(d)). Finally, the
gate metal is evaporated and then defined by
lift-off technique (Fig. 1(€)).

Theoretically, with a finite opening of
mask material, one can obtain infinitely small
feature at the tip of etched V-groove, just as
illustrated by the gate in the right-hand side in
Fig. 1(e). Even if the V-groove is not etched
down to the tip; i.e. the wet etching only
results in a U-groove with a flat bottom
rather than a tip (see the gate in the left-hand
side in Fig. 1(e)), the bottom is definitely of
submicron size provided 1-um technology is
used to define on the opening. Fig. 2 shows

the V-groove gate we fabricated on the (100)
undoped GaAs layer. As can be seen clearly
in this SEM picture, the effective gate length
has been reduced to zero substantially.

In addition to the size of mask opening,
equally important is the extent of undercut
(side etching) of GaAs beneath the mask.
This can be illustrated clearly in Fig. 3. Note
that the angle @ between the V-groove slopes
{111} and the surface of the substrate (100)
is 54.74°. Let d be the depth of V-groove,
then the top opening of the groove (L2) can
be found as

(1)

L2=2xdxcotd =2d ~1414d .

PR mask

L1=(1.414 - 2u)*d
L2=1.414"d

[100]
I 011}

This is, however, not the opening of mask
material (L1) if the undercut factor u is taken
into account. The undercut factor « is defined
as the ratio of undercut extent to etching
depth d., ie., the undercut extent is of
magnitude u*d. Therefore, in order to attain
the V-groove tip at a depth of d below the
substrate surface, the mask opening L1 has to
be

L1=L2-2xuxd = (2 -2u)xd.

@

The larger value of ¥ means that a narrower
mask opening is needed to attain the
V-groove tip at the same depth d. Since the
minimum line width attainable is determined
by the lithographic technology employed, the
minimum mask opening is fixed for a certain
lithographic technology. Therefore, the larger
value of » implies that one has to etch deeper
in order to attain the V-groove tip. This will
affect the thickness of undoped GaAs layer
we need in Fig. 1. If we want to realize
V-groove gates with a thinner undoped GaAs
layer (which is always desired), the undercut
factor # has to be minimized by choosing an
appropriate etching solution. In view of

Eq.(2), if # exceeds v2/2 for some etchant,
the tip of the V-groove can never be formed




with it. Therefore, the first consideration of
V-groove gate design is the undercut factor,
which should be as small as it can be.

It has been reported many times that
H,SO4-based etchants have high etching
selectivity between GaAs and the
lattice-matched Ing49GaosiP, ranging from
hundreds to thousands.®>” For example, the
ratio of etch rates of GaAs:InGaP can be as
high as 4190:1 for H,SO4:H;0,:H,0 = 1:1:10
solution.®* Therefore, we choose Ing40Gao.siP
as the etch-stop layer. As for the first design
consideration, it is reported that, among a
series of H,SO,-based etchants, the H,SO4(98
w/0)-H,0,(30 w/0)-H;O mixed in volume
ratio of 4:1:5 has the smallest value of
undercut factor # in [011] direction, which is
0.29.> We re-calibrated the u value for this
etchant in a controlled etching environment of
20 °C, and found the u to be around 0.202.
We also measured its etch rate to be about
1083 A/sec, or 6.5 ~m/min.

3.2 Device fabrication

We fabricated V-groove gate DCFET’s
using micromachined V-groove technology
on GSMBE grown substrate. For comparison,
we also fabricated DCFET’s with
conventional strip gates using the same
epitaxial layers, only taking away the
uppermost i-GaAs layer in advance. Cross
sectional views of both types of DCFET’s are
illustrated in Fig. 4.

Common wet etching process is employed to
conduct the mesa etching down to undoped
GaAs buffer layer. This is for the isolation
between active areas of FET’s. Pure HCl is
used to etch the InGaP layer with an etching
rate over 500 A/sec, and HF:H,0, H,O =
1:1:10 solution is used to etch both GaAs and
InGaAs layers. The HF-based etchant can
lead to mesas of outward slopes in both (011)

and (011) cross sections. The slopes are so

mild that they guarantee good step coverage
of drain/source and gate metalization.

Subsequently, drain and source regions are
defined, and the exposed InGaP in the
drain/source regions is selectively etched
away by HCl: HiPO, = 1:3 solution. The

ohmic metals of Ni/Au-Ge/Au are vacuum
evaporated in sequence under the pressure of
2x 107 torr, to a total thickness of 6000 A.
Contacts are formed by a lift-off process
followed by rapid thermal annealing at about
400°C.

4. Results and discussion

Fig. 7 shows the plot of transconductance
vs. drain-source current for both types of
devices. Apparently, V-gate DCFET’s have a
larger dynamic range of Ips of about 350
mA/mm for external transconductance
exceeding 80 mS/mm. In contrast, the
dynamic range of Ips of traditional DCFET’s
is only about 200 mA/mm for gm, ex Over 80
mS/mm. This implies better performance of
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V-gate devices when used in power
applications. We also observe a soft pinch-off
characteristic in V-gate DCFET’s. By soft
pinch-off we refer to the increase of the gate
turn-off voltage with increasing drain-source
voltage. Also, the pinch-off voltage of V-gate
DCFET’s seems larger than that of
conventional DCFET’s. These consequences
are in agreement with the simulation and
experimental results reported by
others. Microwave S-parameter
measurements of both devices were also




carried out by a HP-8510C network analyzer
in conjunction with a cascade direct probe
station. The measurement spectrum ranges
from 45 MHz to 26.5 GHz, and the DC bias
point is chosen corresponding to the
maximum DC transconductance of individual
device. From the S-parameters we calculated
the current gain cut-off frequency fr, which is
8.3 GHz for strip-gate DCFET and 13.9 GHz
for V-gate DCFET. Fig. 10 shows the Ips
dependence of fr for both devices. Since the
V-gate DCFET’s exhibit higher values of fr in
a wider Ips dynamic range, V-gate DCFET’s
are of better potential to work in high-speed
high-power  applications  than their
conventional gate counterparts.
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5. Conclusion

In this work, a novel gate structure named
V-groove gate is proposed as an attempt to
achieve effectively submicrometer gate
lengths using conventional 1-um contact
printing photolithography. The short gate
length is obtained by anisotropically etching

the uppermost undoped GaAs layer into a
V-shaped groove. With proper etching
solution and delicately designed i-GaAs
thickness, theoretically an extremely short
gate length can be achieved. Additional
advantages of V-groove gates such as higher
production yield and thicker attainable gate
metal thickness are unveiled during process
development. These are all favorable to mass
production for commercial purposes.

The V-groove gate structure is applied to
actual fabrication of
Ing 49Gao 51P/GaAs/Ing ;GagsAs ~ DCFET's.
Compared with conventional strip gate
devices, they exhibit a better current
drivability, and leads to larger values of
transconductance, channel current, and
current-gain cut-off frequency. These better
performances imply their potential of being
used as a high-speed power device.
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A novel gate structure called V-groove Airbridge Gate is proposed here, as well as

the processing method to fabricate it. The gate is formed by anisotropic wet etching of
undoped semiconductor (e.g. GaAs, Si) layer grown on top of device active layer(s),
followed by standard metal evaporation and lift-off process. Owing to the outward
slope of the sidewalls of the V-groove, effective gate length that is substantially smaller
than the minimum feature size of available lithographic technology can always be
obtained. The vertical location of the bottom of the gate metal is controlled by
introducing a layer of etch-stop material between the uppermost undoped layer and
device active layer(s). Gate strip and gate pad are connected by an airbridge-like gate
feeder, which is fabricated by a surface micromachining technique that etches away the
semiconductor materials beneath the gate feeder.

This kind of novel gate structure can shorten the effective gate length without the
penalty of increased gate resistance, and can achieve smaller parasitic gate capacitances.
It has been applied to the fabrication of InGaP/GaAs/InGaAs hetrojunction
doped-channel FET’s, and relatively good results have also been achieved compared
with traditional gate structure. The introduction of the etch-stop layer leads to hich
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undoped GaAs buffer 5000 ¢

S. I. (100) GaAs substrate
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Processing Method of V-groove Airbridge Gate with
Etch-Stop Layer

Field of The Invention
A novel gate structure called V-groove Airbridge Gate is
proposed here, as well as the processing method to fabricate
it.

Background of The Invention

For field effect transistors (FET), the effective gate
length is closely related to the characteristics of the FET.
In general, the smaller the gate length the better the
performance of high frequency and noise, etc.. Among current
GaAs IC commercialized products, most of the gate lengths are
shorter than 0.5 um for high-speed operations. Such short gate
lengthisbetterdefinedbyelectron-beamlithography. Compared
with the general optical contact printing technology, the
electron-beam lithography can define sub-um pattern, is more
expensive and waste more time in processing. In addition, when
the gate length decreases, the parasitic resistance of gate
metal is proportionally increased as well. The increased gate
resistance will increase FET’s time constant and discount the
benefit obtained from the shortened gate lengths. Therefore,
how to achieve shorter gate length and lower gate resistance
at the same time 1is the key to the applications of the
high-frequency and low-noise.

The so-called T-shape gate or mushroom-like gate, owing
to its broader upper side and narrower lower side in a cross
section, can shorten gate length and, at the same time, lower
gate resistance. Most industrialized countries like Japan or
the United States have developed the processing method for
this kind of gates and applied it to the manufacturing of
transistors. They have proved that T or mushroom gates are
better than conventional plain gates in terms of high frequency
and noise performances. However, T gate and mushroom gate are
processed or produced by applying previously mentioned
electron-beam lithography and by multiple layer photoresist
system. Because of its complex production process which leads
to low yield and low uniformity of the product, as well as
high-cost and length of time needed for electron-beam
lithography, it has certain restrictions in mass production
applications.

The novel invention has considered the above-mentioned
drawbacks in producing T-shape or mushroom-like gate and hence
develop a much simpler method to fabricate the T-shape gate
but with high yield and uniformity.

Therefore, we propose here a V-groove Airbridge Gate as

well as the processing method to fabricate it. The production
or fabrication of the novel gate is only involved with single
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layerphotoresist andconventional optical contact lithography,
which greatly lowered the production costs and simplified the
production techniques to achieve high yield and uniformity
in the processing method.

Cross-reference To Previous Techniques

In 1979, H. Fukui reported in IEEE Trans. Electron Devices,
ED-26(7), that shorter gate length and lower gate resistance
will have higher frequency operating ranges and lower noise
figures. And the T-shape or mushroom gate mentioned above are
a much better choice in this regard due to its broader upper
side andnarrower lower sideincrosssection. From1980 onwards,
many techniques have been developed for the production of a
variety of gates, in Japan, Europe and the U.S. In 1987, P.
C. Chao, et al, proved in IEEE IEDM Tech. Digest, pp.410-413,
that T-shape or mushroom-like gates are better than
conventional plain gates in terms of high frequency and low
noiseperformances. But it wasprocessedor producedbyapplying
previously mentioned electron-beam lithography and multiple
layer photoresist system. Because of its complex production
process which leads to low yield and low uniformity of the
production process, the electron-beam lithography is
time-consuming and incurs a high cost.

The so-called novel gate structure of the “W-groove
Air-bridge Gate” refers to the papers concerning anisotropic
V-groove wet etching technique reported by S. Iida, et al,
in 1971 in J. Electrochem. Soc., 118(5), pp.768-771 and D.
W. Shaw, et al, in the same year of the same Journal, 128 (4),
pp.874-880. Simply speaking, the technique involves, firstly,
the use of anisotropic wet etching technique to etch a V-groove
on the undoped semiconductor(e.g. GaAs, Si) layer grown on
top of the device active layer(s); and, secondly, the use of
standardmetal evaporation and 1ift-off process to define gate
patterns. Owing to the outward slope of the sidewalls of the
V-groove, effective gate length that is substantially smaller
than the minimum feature size of the available lithographic
technology can always be obtained. The vertical location at
the bottom of the gate metal is controlled by introducing a
layer of etch~-stopmaterial between the uppermost undoped layer
and device active layer(s) and thus etching stops at the
etch-stop layer. As to the term “airbridge”, it refers to the
gate stripand gate padwhich are connectedbyanairbridge-like
gate feeder fabricated by a surface micromatching technique
that etches away the semiconductor materials beneath the gate
feeder and forms the airbridge-like configuration.

This kindof air-bridge structure has smaller parasitic gate
capacitances. According toK. Y. Hur, et al, in 1993 IEEE Trans.
ElectronDevices, ED-40(10), pp.1736-1739, thenovel structure
can further improve transistor’shigh-frequencyperformances.
In addition, Y. J. Chan, et al, in 1991 of IEEE Electorn Device
Lett., EDL-12(7), pp.360-362, reported that it can also




increase EFT’ s breakdown voltages to enhance its output power.

Summary of The Invention

The V-groove gate is much like the T-shape gate in that
it has a broader upper side and narrower lower side in its
cross section, and achieve short gate length and low gate
resistance, at the same time. However, theproductionorworking
processof the proposednovel V-groove gateonly involves single
layer photoresistandconventional optical contact lithography.
This processing method greatly lowers the production costs
and simplifies the production techniques to achieve high yield
and uniformity, and is better than traditional T-shape gate.

Brief Descriptions of Drawings:
Figure 1 shows the epitaxial structure of the device to be
purchased
2..undoped GaAs as the major layer for V-groove formation
3..undoped InGaP as the layer of etch-stop
5..GaAs channel 6..InGaAs channel
7..undoped GaAs buffer
100..5.I. GaAs
Figure 2 is a diagram which briefly illustrates the V-groove
gate processing method

(a) spin on photoresist
(b) photo exposure to definel um gate length

(C) use sulfuric acid solution to etch away GaAs and expose
{111}Ga sloped plane

(d) etching stops at the layer of InGaP

(e) metal evaporation

l..photoresist 2..(100) undoped GaAs

3..InGaP stop layer 4..GaAs/InGaAs channel

8..gate metal 9..{111}Ga slope

Figure 3 shows how air-bridge gate structure is formed.
ll..photoresist mask 1l2..window opening

13..gate feeder zone

Figure 4 shows traditional gate structure and air-bridge
gate structure.

(a) top view (b) side-section view

l4..drain 15..source

17..substrate 18..channel

19..gate strip 20..gate feeder

21l..gate pad

Figure 5 shows the V-groove gate structures we have fabricated.

(a 0.6 um V-groove gate (b) V-groove gate with almost zero
um gate length

Figure 6 is a cross section view that shows the V-groove gate

structure

(a) effective gate length of 0.6 um of an V-groove gate
(b) gate length close to 0 of an V-groove gate




Detail Descriptions of The Invention
Amethodofproducingsubumgatetransistorusinganisotropic
wet etching and selective etching, followed by standard
evaporation and lift-off process, which consists of the
following steps:
(a) provide a semiconductor substrate.

(b) growunit’schannel layer (s) onthe semiconductor substrate
by epitaxial growth or ion implantating.

(C) grow etch-stop layer(s) on the channel layer.
(d) grow an undoped semiconductor on the etch-stop layer.

(C) define gate patterns on the undoped layer and use selective
etching to etch away an anisotropic V-groove on the undoped
semiconductor layer and let the etch-stop layer beneath
the undoped layer be exposed to the bottom of the V-groove.

ﬂ) put gate materials into V-groove to form gate strip.

(g) remove the semiconductor material under the gate feeder
to form air-bridge gate structure.
The above steps are the method used for producing the novel
V-groove gate structure.

Among them, the semiconductor substrate can be any
semiconductors upon which other III-V compound semiconductor
can be grown, the most suitable substrate is GaAs. The channel
semiconductor has high electron mobility, the most suitable
channel material is GaAs or InGaAs. The undoped semiconductor
layer has low electrical conductivity, the most suitable
material is GaAs. The material used for the etch-stop layer
is different from the undoped semiconductor layer in terms
of the etching rate, for example, using InGaP.

The above-mentioned gate patterns are contained in the
photosensitive layers on the surface of the gate substrate;
the photosensitive layer has been patterned by the process
of exposure and developing. Because of the patterned photo
sensitive layer, some areas underneath the epitaxial layer
are exposed to the air while other areas are not. The
photosensitive layer illustrated here is essentially a
photoresist layer which can be exposed through photo mask and
ultraviolet light. Chemical etching solutions can be any
solutions that have different etching rates to undoped
semiconductor and etch-stop layer respectively; and the
chemical solutions can etch V-groove on the undoped
semiconductor. The airbridge structure is formed by using any
solutions that have different etching rates to the gate and
the layers beneath it. The solutions for etching can be
hydrochloric acid and phosphoric acid solution and sulfuric
acid peroxide-H20 solution.

Detail Descriptions of The Preferred Enbodiments
The following example uses InGaP/GaAs/InGaAs
heterojunction doped-channel FET to illustrate and describe
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the application of the V-groove airbridge gate structure in
transistor fabrication, its processing method and the
demonstrated results.

Figure 1 shows heterojunction epitaxial layer structure.
The uppermost layer is undoped GaAs with the thickness of 1
um, of which the V-groove is etched by anisotropic wet etching
technique. The layer below it is undoped InGaP with a thickness
of 100A(10°® m) and, according to H. Ito et al, in 1995, J.
Electrochem. Soc., 142(10), pp.3383-3386, undoped InGaP is
good for V-groove etching as etch-stop layer because of its
etching selectivity between GaAs and InGaP. And, at the same
time, it also acts as an isulator to doped-channel FET. The

subsequent layers are 3x10'® cm™ N-type doped 100A (10 m) GaAs
and 150A(10™° m) InGaAs, forming the device’s channel layers.
At to the bottom are 50004 (107® m) undoped GaAs buffer and GaAs
substrate (100) .

Figure 2 shows the processing method of FET V-groove gate.
After finishing the job of normal isolation of mega by wet
etching and introducing ohmic contacts of source and draineen
tomesas, spin-on a layer of photoresist on the water, as shown
in Figure 2 (a) . Secondly, define the pattern of the gate strip
with the gate length of 1 um along the direction of (011) on
the photoresist by using conventional optical contact
lithography, as shown in Figure(b). Thirdly, use anisotropic
etchingsolutions (suchassulfuricacid-hydrogenperoxide-H20
solution) toetchon thepatterned gate region. Slopped Ga{11l1l}
is exposed, as shown in Figure 2-(c), inthe anisotropicetching
solution because of zinc-blende structure. When the process
of the anisotropic etching reaches the InGaP stop layer, it
would automatically stop etching and the V-groove is formed
as shown in 2-(d). Finally, use vacuum evaporation method to
deposit Ti/Pt/Au or Cr/Au on the V-groove and define gate metal
region by the lift-off process, as shown in (e). From Figure
2(e), one can clearly see the effective gate length (which
is the length of the contacting parts of the gate metal and
InGaP) of the V-groove gate is significantly smaller than that
of the photoresist layer defined by lithography. If however
right from the very beginning, we have chosen the suitable
thickness and etch solutions for the undoped GaAs located on
the uppermost layer, the effective gate length of the V-groove
gate will be close to 0. In addition to shortening the gate
lengths, the V-groove gate structure still has the following
features: (1) V-groove etching can contribute to close to 100%
successful rateof lifting-off the gatematerial; (2) V-groove
etching help increase thickness of the gate metal and lower
gate resistance; (3) V-groove gate, 1like T-type or
mushroom-1like gate, can have upper part broader and lower part
narrower configuration in cross section, which is suitable
for the realization of self-aligned gates and can lower
gate-to-source and gate-to-drain resistance.

As to formation of air-bridge like gate feeder, please
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refer to Figure 3. First, we spin-on a photoresist layer on
the gate and, then, open up a window in the gate feeder region
by using optical contact lithography. Then, we use sulfuric
acid-hydrogen peroxide-H20 solution and hydrochloric
acid-phosphoric acid solution to do surface micromatching and
etch away the semiconductor materials beneath the gate feeder.
Whereas hydrochloric acid-phosphoric acid solution is used
to etch InGaP, sulfuric acid-hydrogen peroxide-H20 solution
is for GaAs and InGaAs etching. Figure 4(a) and 4 (b) show
respectively traditional gate structure’s top view and
cross-sectionview; while Figure 5(a) and (b) show respectively
air-bridge gate structure’s top view and cross-section view;
the two different pictures show the different gate structures.

Figure 6 shows the cross-section view of the finished
V-groove gate structure. From Figure 6(a), it clearly
demonstrates that a gate length of 0.6 um has been successfully
produced in the V-groove of the undoped GaAs and the bottom
of the gate metal just touching the etch~stop layer of InGaP.
The V-groove gate, however, is produced by 1.2 um line width
of optical contact lithography process technique. While in
Figure6 (b) we use lum line width of the same process technique
to produce close to 0 um V-groove gate length(which means
effective length) in the thicker undoped GaAs layer. It should
be noted that because there is V-groove etch process taken
place before the metal evaporation, the gate metal would be
thicker than average plain gates as a result of the metal
evaporation and the gate resistance can be further lower down.
Furthermore, Figure 6 (b) also shows that even in the case
of lum thick gate metal, the lift-off process can still be
performed successful.

The above example has illustrated and demonstrated that
V-groove airbridge gate is an effective method of producing
sub-um gate transistor. Compared with the other conventional
methods, it costs less and has higher yield and uniformity,
which makes it suitable for mass production in the industry.
Anyone familiarwiththe above-mentioned innovative technique,
can further develop the novel structure without restrictions
if the basic principles and spirit of the invention are abided
by. However, the claims by the invention, as shown below, shall
be strictly adhered to.

WHAT IS CLAIMS IS:

1. A method of producing sub-um gate transistor using
anisotropic wet etching, comprising the following steps:
(a) provide a semiconductor substrate

(b) grow device’s channel layer(s) on the semiconductor
substrate by epitaxial growth or ion implantating.

(C) grow etch-stop layer(s) on the channel layer.
(d) grow an undoped semiconductor on the etch-stop layer.
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(e) define gate patterns on the undoped layer and use selective
etching to etch away an anisotropic V-groove on the undoped
semiconductor layer and let the etch-stop layer beneath
the undoped layer be exposed to the bottom of the V-groove.

CD put gate materials into V-groove to form gate strip.

(g) remove the semiconductor material under the gate feeder
to form air-bridge gate structure.
The above steps are the method used for producing the novel
V-groove gate structure.

2. With respect to the processing method described above in
Claim 1, the semiconductor substrate can be any
semiconductors upon which other III-V  compound
semiconductors can be grown.

3. With respect to the processing method described above in
Claim 2, the semiconductor substrate is GaAs.

4. with respect to the processing method described above in
Claim 1, the channel semiconductor has high etching rate
of electrons.

5. with respect to the processing method described above in
Claim 4, the channel layer is GaAs or InGaAs.

6. wWith respect to the processing method described above in
Claim 1, the undoped semiconductor has low electrical
conductivity.

7. wWith respect to the processing method described above in
Claim 6, the undoped semiconductor is undoped GaAs

8. with respect to the processing method described above in
Claim 1, the etch-stop layer uses semiconductors that have
different etching rates from those of the semiconductors
used in claim 6.

9. with respect to the processing method described above in
Claim 8, the etch-stop layer is InGaP.

10. with respect to the processing method described above in
Claim 1, the gate patterns are contained in the
photosensitive layers on the surface of the gate substrate;
the photosensitive layer was patterned by the process of
exposure and developing.

11. with respect to the processing method described above in
Claim 10, because some of the patterned photo sensitive
layer are underneath, epitaxial layer is exposed to the
air.

12. with respect to the processing method described above in
Claim 10, because some of the patterned photo sensitive
layer are underneath, epitaxial layer is exposed to the
air while the other areas are not.

13. with respect to the processing method described above in
Claim 10, only the parts that are exposed are being etched
away in step (e).
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14. with respect to the processing method described above in
Claim 10, the photosensitive layer 1is essentially a
photoresist layer which cannot be exposed unless through
photo mask and ultraviolet rays.

15. with respect to the processing method described above in
Claim 1, the chemical solutions used shall have different
etching rates to undoped semiconductors and etch-stop
layers.

16. witnh respect to the processing method described above in
Claim 15, the chemical solutions can then etch away V-groove
on the undoped semiconductor.

17. with respect to the processing method described above in
Claim1l5, the solutionsusedshallbesulfuricacid-hydrogen
peroxide-H20 solutions and the like.

18. with respect to the processing method described above in
Claim 1, the air-bridge structure would use any solutions
that have different etching rates to the gate and the layers
beneath it.

19. With respect to the processing method described above in
Claim 18, the solution used for etching is either
hydrochloric acid-phosphoric acid solution or
sulfuric-hydrogen peroxide-H20 solution in this case.

Abstract

A novel gate structure called V-groove Airbridge Gate, as
well as the processing method to fabricate it, are proposed
here. The gate is formed by anisotropic wet etching of undoped
semiconductor(e.g. GaAs, Si) layer grown on top of the device
active layer(s), followed by standard metal evaporation and
lift-off process. Owing to outward slope of the sidewalls of
the V-groove, the effective gate length that is substantially

smaller than theminimum feature sizecofavailable lithographic - -

technology can always be obtained. However, the vertical
location at the bottom of the gate metal is controlled by
introducinga layer of etch-stopmaterial between the uppermost
undoped layer and device active layer(s). Gate strip and gate
pad are connected by an airbridge-like gate feeder, which is
fabricated by a surface micromatching technique that etches
away the semiconductor materials beneath the gate feeder.

This kind of novel gate structure overcomes the limitations
of the existing lithographic technology, can shorten the
effective gate length without the penalty of increased gate
resistance, andcanachievesmallerparasiticgate capacitances
It has been applied to the fabrication of InGaP/GaAs/InGaAs
heterojunctiondoped-channel FET’ sandrelativelygoodresults
have also been achieved compared with traditional gate
structure. The introduction of the etch-stop layer leads to
high yield and uniformity, which is important in industrial
mass-production applications.
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