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The T-gate stem height of InAlAs/InGaAs InP-based high electron mobility transistor (HEMT) is increased from
165 nm to 250 nm. The influences of increasing the gate stem height on the direct current (DC) and radio frequency (RF)
performances of device are investigated. A 120-nm-long gate, 250-nm-high gate stem device exhibits a higher threshold
voltage (Vy,) of 60 mV than a 120-nm-long gate devices with a short gate stem, caused by more Pt distributions on the gate
foot edges of the high Ti/Pt/Au gate. The Pt distribution in Schottky contact metal is found to increase with the gate stem
height or the gate length increasing, and thus enhancing the Schottky barrier height and expanding the gate length, which
can be due to the increased internal tensile stress of Pt. The more Pt distributions for the high gate stem device also lead to
more obvious Pt sinking, which reduces the distance between the gate and the InGaAs channel so that the transconductance
(gm) of the high gate stem device is 70 mS/mm larger than that of the short stem device. As for the RF performances,
the gate extrinsic parasitic capacitance decreases and the intrinsic transconductance increases after the gate stem height has
been increased, so the RF performances of device are obviously improved. The high gate stem device yields a maximum f;
of 270 GHz and fmax of 460 GHz, while the short gate stem device has a maximum f; of 240 GHz and the fiax of 370 GHz.

Keywords: InP-based HEMT, gate stem height, Pt/Ti Schottky contact, gate parasitic capacitances

PACS: 85.30.Tv, 73.40.Qv, 85.30.—z

1. Introduction

In last several years, demand for high frequency transis-
tor is increasing for high speed applications such as in high
frequency wireless systems, broadband satellite communica-
tion and high speed optical-fiber communication system. The
InAlAs/InGaAs InP-based high electron mobility transistors
(InP-based HEMTSs) can be one of the best candidate devices
to achieve the ultrahigh-speed operation because of their high
electron mobility, high electron velocities, and high sheet elec-
tron densities, which have been successfully used in high fre-
quency, low noise, high gain IC designs, and widely applied
to high frequency systems.l'"*1 A variety of effective meth-
ods have been reported to greatly improve the device perfor-
mances, for example electron beam lithography scaling down
gate length, improving Ohmic contact process, and accurately
controlling gate recess. > Up to date, high current gain cutoff
frequency (f;) over 600 GHz and power gain cutoff frequency
(fmax) in excess of 1 THz have been achieved by scaling gate
length down to sub 50 nm. "~

With the gate length shrinking, the influences of device
parasitic parameters on limiting the direct current (DC) and
radio frequency (RF) performances of InP-based HEMTs be-
come more and more non-negligible, so minimizing the par-
asitic parameters of the devices has become an important

DOI: 10.1088/1674-1056/abb30d

subject for further improving the performances of InP-based
HEMTSs, including the reductions of source/drain parasitic re-
sistances and gate parasitic resistances and capacitances. Op-
timization of structure and size of gate and gate recess, has
always been beneficial and worth studying for minimizing the
parasitic parameters of InP-based HEMT. Yun ef al. inves-
tigated the influence of the source-to-drain spacing (Lgs) on
DC and high frequency characteristics of L, = 87 nm InP-
based HEMT, improving the DC and RF responses of these
devices as the Lsp was scaled down to 0.8 pum and yielding
fi =519 GHz, and fnax = 645 GHz."% Moran et al. adopted
a self-aligned T-gate process to reduce the proximity of the
Ohmic contact to the 50-nm gate, making the self-aligned
gate device exhibit an extremely high g, of 1900 mS/mm
and f; of 490 GHz.!'!l Endoh et al. reported that the g, and
ft of 30-nm-gate InP-based HEMT increase with gate—drain
spacing (Lgq) decreasing down to 50 nm, exhibiting an ex-
tremely high ft of 547 GHz.!'”! The aforementioned studies
have revealed that the DC and RF characteristics of InP-based
HEMTsSs can be much improved by shrinking the size of gate
recess, which reduces the source/drain parasitic resistances but
at cost of increasing the gate parasitic capacitances. There-
fore, minimizing the gate parasitic capacitances can be mean-

ingful for further improving the performances of InP based
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HEMTs. Takahashi et al. adopted a cavity structure around
gate for eliminating parasitic capacitance and obtained supe-
rior RF and noise characteristics of InP-based HEMTs, but
the fabrication complexity of the devices was increased.!!3]
In comparison, increasing T-shape gate stem height can be a
more straightforward method to reduce the gate parasitic ca-
pacitances. Yoshida er al. fabricated T-gates with different
gate stem heights by changing the deposition condition of the
SiCN molds, and revealed that the higher T-gate stem is ben-
eficial to the decreasing of the parasitic gate delay time of
InP based HEMT.!'# Besides, the large gate metal height is
also helpful in enhancing the breakdown voltage of device.[!3!
However, the increase of gate stem height of T gate through
the conventional widely used tri-layer resist process, and the
influence of increasing the gate stem height on the DC and RF
performance of InP-based HEMT, still need further studying.

In this work, we increase the gate stem height of T gate
by increasing the bottom layer resist thickness of tri-layer re-
sist. The DC and RF characteristics of InP-based HEMTs are
demonstrated for the devices with different gate stem heights.
Differences in DC performance among the different gate stem
height devices are found to be caused by the differences in Pt
distribution of Schottky contact metal among T gates with dif-
ferent gate stem heights. As for the RF performances, a small
signal model is adopted to extract the intrinsic parameters of
devices, and an analytical model of f; is used to analyze the de-
vice delay, therefore the influence of increasing T-shape gate
stem height on the RF performances of devices can be fully
explained.

2. Device fabrication

The epitaxial layer of InP-based HEMT is shown in
Fig. 1, which was grown by molecular beam epitaxy (MBE) on
3-inch-thick (1 inch=2.54 cm) InP substrate. From bottom to
top, the layers are a 500-nm-thick Ing spAlg 43 As buffer layer,
15-nm-thick Ings3Gag47As channel layer, 3-nm-thick un-
strained Ing 57 Al 43 As spacer layer, Si delta doping layer with
5%x10'> cm~? doping concentration, 8-nm-thick unstrained
Ing 55 Alp 48 As Schottky barrier layer, 4-nm-thick InP etch-stop
layer for preventing excessive etching and the 20-nm-thick
Si-doped Ing s3Gag 47As composite capping layer. The Hall
measurements were made at room temperature, showing a car-
rier mobility of 8000 cm?/(V-s) and a two-dimensional sheet
density of 3.26x10'> cm?.
HEMTSs mainly contained four steps including mesa isolation,

The fabrication process of InP

Ohmic contact formation, T-shape gate, and gate recess pro-
cess. Firstly, isolating mesa was made by the phosphorus acid-
based wet chemical etching. Next, the source and drain were
spaced by 2.3 um through a lithography process. And then
Ti/Pt/Au was evaporated to satisfy the requirement for Ohmic

contact by electron beam evaporation without being annealed,
and its contact resistance was measured to be 0.032 Q-mm.
The key process was the fabricating of gate recess and dif-
ferent heights of T-shape gate. A 15-nm-thin SiO, film was
evaporated on the cap layer by plasma enhanced chemical va-
por deposition (PECVD). The advantages of introducing SiO;
film were the improving of resist adherence, the determining
of gate footprint and the enhancing of mechanical support for
T-shape gate.!'®! A tri-layer electronic beam (EB) resist con-
sisting of ZEP520A/PMGI/ZEP520A was coated on the SiO,
film. For the increasing of the T-shape gate stem height, the
thickness of the bottom resist layer of ZEP520A was increased
by slowing down the resist coating speed from 6000 rpm/s to
4000 rpm/s, while the upper two coated resist layers keep
the same thickness. Then, EB exposure was carried out to
determine the gate footprint pattern length for the different
thickness values of tri-layer resists. The single step electron
beam lithography (EBL) process for the T-shape gate fabrica-
tion was performed by JEOL JBX-5000LS EBL system.!!”]
The EB exposure line width which defines the gate foot was
varied between 20 nm and 50 nm and the exposure dose for the
gate foot was varied between 700 puC/cm? and 800 puC/cm?.

T-gate
PAD
source drain

_ n-InGaAs cap

InAlAs Schottky barrier
Si 6-doping
InAlAs spacer

InAlAs buffer

Fig. 1. Schematic cross-section of InP-based HEMTs.

PAD

Fig. 2. TEM images of cross section of InP-based HEMTs with different gate
stem heights: (a) device A with gate length 120 nm and gate stem height
250 nm, and (b) device B with gate length 120 nm and gate stem height
165 nm.
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The 4 groups of EB exposure conditions were used in our ex-
periments as listed in Table 1. After the EBL process, the
bottom of the T-shape gate pattern was replicated on the SiO;
film by reactive ion etching (RIE). The gate recess was formed
by wet-chemical etching through using an aqueous solution
of phosphate and hydrogen peroxide mixture, then Ti/Pt/Au
(3 nm/25 nm/350 nm) was evaporated and lifted off to fabri-
cate the T-shape gate. Finally, after using hydrofluoric acid
(HF) to completely clean the SiO, film, the devices were fully
passivated by an ultrathin Si3N4 layer (20 nm in thickness).
In order to obtain the sizes of T-shape gate, we adopted
focused ion beam (FIB) to obtain the gate cross-section of InP-
based HEMTs of each group. Figures 2(a) and 2(b) show the

transmission electron microscope (TEM) images of the cross
section of T-shape gates with the same gate length and the dif-
ferent gate stem heights: for the higher T-shape gate shown
in Fig. 2(a), the gate length was 120 nm and the gate stem
height was 250 nm; for the shorter one shown in Fig. 2(b),
the gate length and gate stem height were respectively 120 nm
and 165 nm. The gate lengths and gate stem heights of all
the groups are summarized in Table 1. For the convenience
of analyzing the influence of increasing gate stem height on
height on the DC and RF performances of devices, the device
of group 3 is called device A, while the device of group 1 is

named device B.

Table 1. Features of T-shape gates with different gate stem dimensions (gate length and gate stem height) fabricated under different EB

exposure conditions.

Group Exposure dose (uC/cmz) Exposure line width (nm) Tri-layer resist Gate length (nm) Gate stem height (nm)
1 700 20 thin 120 165
2 700 20 thick 100 250
3 700 50 thick 120 250
4 800 50 thick 135 250
3. Result and discussion Gt = —omint 3)
’ 1+ gm,int  Rs

3.1. DC characteristics

The DC characteristics of device A and device B are mea-
sured on wafer by using an HP4155A semiconductor parame-
ter analyzer at room temperature. Figure 3(a) displays the DC
output characteristics of device A and device B, showing that
Vs increases from —1 V to 0.2 V in steps of 0.1 V and Vg
increases from O V to 1.5 V. The drain current of device A and
device B are respectively 1047 mA/mm and 1027 mA/mm at
Ves = 0.2 V and Vg5 = 1.5 V, a kink effect is well suppressed
due to the full passivation of devices. Figure 3(b) shows the
transconductance and transfer characteristics of device A and
device B at Vgg = 1.5 V, Vg from —1 V to 0.2 V. The ex-
tracted V4, of device A is —0.73 V, while the Vy;, of device
B is —0.79 V. Besides, the peak transconductance (gm_ max)
of device A is 1270 mS/mm at Vgx = —0.45 V, higher than
1200 mS/mm of device B at Vs = —0.35 V. Therefore, in our
experiment, the positive shift of Vi, is found to be about 60 mV
and the gy max is increased by 70 mS/mm after increasing the
gate stem height of InP-based HEMTs. As is well known
that the V4, of InP-based HEMT is determined by the one-
dimensional structure under the gate metal, while the g, is
synergistically affected by carrier density, carrier mobility, and
parasitic resistance. The Vjy, intrinsic and extrinsic transcon-
ductances (gm int and gm ext) for InP-based HEMTS can be ex-
pressed respectively as follows:

E ‘ng-d AE
Vip = g+ o LI Do (1)
q € q

o -w-En - Eo

L. -d '(Vgs_vth)“un'n57 2
g

8m,int =

where @y, is the Schottky barrier potential; Efy is the fermi-
level at zero two-dimensional electron gas (2DEG) density; ng
is the ionized donor charge; d is the distance between gate
metal and InGaAs channel; AE, is the conduction band dis-
continuity of heterojunction; L, is the carrier mobility; Lg is
the gate length, W is the gate width, &, is relative dielectric
constant of the material between channel and gate; & is the
vacuum dielectric constant.

1200
—e—device A _ (a)._-
— 10001 _o_ device B = %
g y—4
800} ——$—29
E —o—o—°
< 600 ',__.——0'
E; 400}
=
~ 200}
0
0 0.4 0.8 1.2 1.6
‘/ds (V)
1600 1200
[ ——device A (b)
: 11000
,g 12001k —e—device B =
£ [ 1800 ¢
> <
© 800 1600
) E
- r {400
& 400 ~
[ 41200
0 =10 =66 "0z oz ©
Vas (V)

Fig. 3. (a) DC output characteristic of device A and device B; (b) transcon-
ductance and transfer characteristics of device A and device B.

In order to investigate the influences of increasing the gate
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stem height on the V4, and gy, of device, higher resolution TEM
images of cross section of gate foot of device A and device B
are shown in Figs. 4(a) and 4(b). It can be clearly seen that the
length of the gate foot is expanded at the metal-semiconductor
interface, caused by metal at the gate foot edges spreading into
the gate recess during the gate metal evaporation. So the 120-
nm metallurgical gate length of device A and device B have
accounted into the gate length expanded by the metal spread-
ing. What is more, in Fig. 4(a), obvious dark areas which are
marked with two red ellipses can be observed in the InP etch-
stopper layer, which is the typical phenomenon of metal sink-
ing, while the phenomenon of metal sinking is not obvious for
device B in Fig. 4(b). Obviously, the dark area and the white
area of gate foot are respectively corresponding to Pt and Ti, so
the occurrence of Pt sinking reflects that the Schottky contact
metals contain not only Ti but also Pt. Compared with de-
vice B, device A has a high V4, which can be attributed to the
higher ratio of Pt/Ti in Schottky contact metal, which increases
the ¢, of Ti-based Schottky junction because the Pt-based
Schottky junction has a higher ¢, than the Ti-based Schot-
tky junction.!!®! Besides, the smaller d of device A caused by
“Pt sinking” can also increase the Vi, and g max.' 2> There-
fore, the formation of Pt distribution in Schottky contact metal
can be explained as being due to the middle metal layer Pt
spreading into the gate recess during the gate metal evapora-
tion, which not only expands the gate length but also increases
the Ti-based Schottky barrier height. The differences in Vi
and gm_max between device A and device B are exactly caused
by the differences in Pt distribution.

Fig. 4. TEM images of cross section of gate foot of InP-based HEMTs for
(a) device A and (b) device B.

Differences in DC performance between the devices of
group 2 and group 4 can further reveal that the influence of
Pt spreading into the gate recess is different as the gate stem
size is changed. Figures 5(a) and 5(b) show the comparisons
of transconductance and transfer characteristics of devices of
group 2 and group 4 with those of device A at Vgg = 1.5 V.
As shown in Fig. 5 and Table 1, the Lg increases from 100 nm
of device of group 2 to 120 nm of device A to 135 nm of
device of group 4 with all the gate stems having equal height,
which reflects that the bottom pattern of the tri-layer resist
replicated on the SiO; film becomes wider with EB exposure
line width or the EB exposure dose increasing. Meanwhile,
the Vi, is positively shifted from —0.86 V of device of group 2
to —0.73 V of device A to —0.68 V of device of group 4, and
the gm_max increases from 1220 mS/mm of device of group 2
to 1270 mS/mm of device A and device of group 4 despite

L, increasing. Comparing with the influence of increasing the
gate stem height, similar increases in Vi, and gm max are also
found with increasing the gate length, illustrating that the in-
fluence of Pt spreading on the gate recess at the gate foot edges
increases with the bottom pattern of the thick tri-layer resist
widening. Through comparing the device of group 2 with that
of device B, it can be found that the L, of device of group 2 is
smaller than that of device B, so the thick tri-layer resist seems
to be easier to obtain the narrower bottom pattern than the thin
tri-layer resist under the same EBL exposure conditions. The
reason is that the thin resist is not thick enough to cover the
whole SiO, film under the unexposed resist in the RIE pro-
cess, which causes the SiO, film to be excessively etched,
and thus widening the bottom pattern replicated on the SiO,
film."3! In addition, the smaller Vi, and Zgm.max Of device of
group 2 reflect that the Pt spreading is limited by the narrowed
bottom pattern of the thick tri-layer resist of group 2, and so
is the “Pt sinking”. Therefore, comparing device A with de-
vice B, it can be found that a wider exposure line width of
50 nm is needed for the thick tri-layer resist to make the Ly of
device A equal to that of device B. The more Pt distributions
in Schottky contact metal of device A can be explained as
the fact that the slightly narrower bottom pattern of the thick
tri-layer resist is obtained after the EBL exposure, and for the
thick tri-layer resist of device A, the influence of Pt spreading
into the gate recess is larger, which expands the gate length to
the same value of device B. Up to here, it can be concluded
that the influence of the spreading metal at the gate foot edges
can be increased with gate stem height or the gate length in-
creasing, leading the devices to manifest the differences in the
DC performances. However, as for the further reason for the
difference in spreading metal among different gate stem sizes,

1200
—e—device of group 2
2 1000} ——device A
—e—device of group 4
g 800 (a)
<
600
£
400
=
200
0 . .
—1.0 —0.6 —0.2 0.2
Ves (V)
1400
. 1200 (b)
g 1000}
o 800r
E 600}
S 400} —e—device of group 2
——device A
2001 —e—device of group 4
0 —1.0 —0.6 —0.2 0.2
Vs (V)

Fig. 5. (a) DC output characteristic of device A, devices of group 2 and
group 4; (b) transconductance and transfer characteristics of device A, de-
vices of group 2 and group 4.

018501-4



Chin. Phys. B Vol. 30, No. 1 (2021) 018501

we believe that it is the result of internal stress balance among
the different metal layers in gate. The Pt is subjected to tensile
stress in the Ti/Pt/Au gate stem, [24] which can increase with
gate stem height or the gate length increasing, thus leading the
more obvious phenomenon of Pt to spread into the gate recess.

3.2. Microwave characteristics

Microwave performances of device A and device B are
characterized via Agilent 8363B PNA vector network ana-
lyzer. Their S-parameters are measured and extracted at cer-
tain bias points. The test frequency range is limited from
0.1 GHz to 40 GHz. On-wafer open and short methods are
used to exclude the effects of pad capacitances and induc-
tances from the measured device S-parameters. The cutoff
frequency f; and the maximum oscillation frequency fnax are
obtained by extrapolating the curve of current gain (H,) fol-
lowed by a slope of 20 dB/dec and Masaon’s unilateral gain
(U,) followed by a slope of 20 dB/dec. Figures 6(a) and 6(b)
show the H,{, maximum available gain, and maximum stable
gain (MAG/MSG), (U,), and stability factor (k) against fre-
quency for device A and device B at Vgs =1.0V, Voo = —0.3 V,
where the maximum value of f; ( ﬁmax) is achieved. From
Figs. 6(a) and 6(b), the fimax and the fiax of device A are
270 GHz and 440 GHz, respectively, while the f; max and the
Jfmax of device B are 240 GHz and 367 GHz, respectively. The
RF characteristics are found to be obviously improved after
the gate stem height of devices has been increased. The f; and
Jmax are expressed as

Emi
27 (Cgs + Coa)[1 + &oi (Rs + Ra)] + Ced - gm(Rs + Ra)

ft.,int
fmax = )
2\/goi(Rg +Rs)+7 “frint - ng(Rg +Ry)

fi= , (4)

®)

where Cyg is the parasitic capacitance between gate and source;
Cqq is the parasitic capacitance between gate and drain; Rg,
Ry, and Ry are respectively the parasitic resistances of gate,
drain, and source; gp,; is the intrinsic transconductance; go; is

the conductance between the drain and the source; f; iy is the
value of f; for the core part of HEMT without any parasitic re-
sistance, and capacitance. It is obvious that the f; and fiax of
InP-based HEMT are influenced by the intrinsic transconduc-
tance, parasitic resistance, and capacitance, which are related
to the passivation layer, the shape of gate and the gate recess
design. In our experiments, since the process of passivation
and the gate recess of all devices are the same, so the main fac-
tor that influences the RF performances of InP-based HEMTs
is the shape of gate. In order to explain the increase in f;
and fmax, a small signal model based on InP-HEMT's biased at
fi,max 1s developed by using the deembedded S-parameters. (23]
The small signal model parameters are tuned repeatedly until
the measured and simulated S-parameters are fitted very well,
which is shown in Fig. 5. The main small signal model param-
eters are summarized in Table 2.
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Fig. 6. RF characteristics of InP-based HEMTs for (a) device A at fi max and
(b) device B at f; max-

Table 2. Parameters of small signal equilibrium circuit of device A and device B biased at fi max.

Device  Cu(F)  Cua(fF)  gmi(mS)  go(mS)  Re(Q)  R(Q)  Re(Q)  fi(GH) fuux (GH2)
A 68 11.7 144 13.3 1.5 0.5 2.3 270 460
B 71 15.1 140 13.5 1.5 0.5 2.5 240 370

Based on the small signal model, after increasing the gate
stem height, the value of gp; increases from 1400 mS/mm to
1440 mS/mm at the bias of f; max, while the values of Cgs and
Cyq decrease from 71 {F to 68 fF and from 15.1 fF to 11.7 {F,
respectively. The higher gate resistance of device B can be
influenced by the voids formed in gate head during the gate
metal evaporation. The increase of gp; for the high gate device
is because of the reduced distance between the gate metal and
the InGaAs channel, resulting from the occurrence of the Pt

sinking. And the parasitic capacitances Cgs and Cyq decrease
because the distance between gate-source and gate—drain in-
creases with the gate stem height of device increasing. Ac-
cording to Egs. (4) and (5), the f; and fpax are both propor-
tional to gy and inversely proportional to the Cgs and Cyq.
Therefore, the decreasing of parasitic capacitance of T-shape
gate can be a very effective way of improving the RF perfor-
mances of InP-based HEMT, because the smaller parasitic ca-
pacitances have shorter charge—discharge time, which makes
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the RF frequency response of device faster. For further ex-
plaining the improvement of RF frequency response brought
by increasing the gate stem height, an analytical model of f;
based on small signal equivalent circuit is adopted and shown
in Fig. 7, which consists of extrinsic parameters Ry, Rs, Cysexts
and Cygex; and intrinsic parameters Cggij, Cogi> &mi> and goi.[26]
All the parameters can be substituted into the expression of fi,
and the total delay 7 can be divided into three parts, which can

be given as
fi= 8Emi c . ,
gs \ &oi
Zﬂ{cgs +Cad +nggmi(Rs +Ry) {1 + (1 + > :| }
ng 8mi
Cgs = Cgsi + Cgsexta ng = ngi + ngexta (6)
T= 27l'f1 = Tt+Text+TpaI7 @)
Cosi+Coqi L
=Bl _ e ®)
8Emi Ve
Toxt = Cgsext + ngext ’ 9)
8mi
Cgs 8oi
Text = Cod(Rs +Rq) | 1+ 1+C7 —, (10)
gd/ 8mi

where 7; is the transit time proportional to intrinsic capacitance
and inversely proportional to gpni; Ve is the average electronic
velocity under T-shape gate; 7. is the parasitic delay propor-
tional to extrinsic capacitance and inversely proportional to
gmi; Text is the delay mainly associated with Rq and R;!"! 7
is equal to L /Ve, so the 7, is the same for device A as that for
device B. But because of the larger g, of device A, the in-
trinsic capacitance of device A must also be larger than that of
device B to ensure that they have the same 7;, which is caused
by the Pt sinking. What is more, for device A, the whole para-
sitic capacitances Cgs and Cyq are smaller than those for device
B, so it can be deduced that the extrinsic capacitances Cgsext
and Cggexe should be also smaller than those for device B from
Eq. (6), which is obviously due to the increasing of the height
of gate stem. So far, based on Eq. (9), it can be determined that
the Text of device A decreases compared with that of device B.
As for the T,y in the total delay, through calculation, the Ty,
of device A can be smaller than that of device B because of
the smaller parasitic capacitances Cgs and Cyq and the larger
gmi for device A.

Through the analytical model of f;, it can be concluded
that one main reason for the improvement in RF performance
brought by increasing the gate stem height is the effective de-
crease of the Cgeext and Cydexi. More specifically, as the dis-
tance between the gate head and the source/drain increases, the
external parasitic capacitance between them decreases. An-
other reason is the larger gn,; of the high gate device, caused
by the closer distance between Pt in Schottky metal and the
channel. Apart from the increasing of the gate stem height,

other methods are also adopted for minimizing the gate para-
sitic capacitance in our experiments: the SiO, layer, which is
usually used to help to fabricate the T-shape gate, is removed
after the gate has been fabricated, thus eliminating the the in-
fluence of the SiO, layer on increasing parasitic capacitance.
Furthermore, the 20-nm-ultra-thin SizNy layer is used to fully
passivate the surface of device so that the value of gy, can be
increased and meanwhile the increase of Cyq can be limited by
the ultra-thin passivation layer.*’]

T-gate

source Cgsexi( »ngext drain

Fig. 7. Small signal equivalent circuit model.

4. Conclusions

In this paper, we investigated the influences of increasing
the gate stem height of T-gate fabricated by tri-layer resist pro-
cess on the DC and RF performances of InP-based HEMTs.
The gate stem height of InP-based HEMT with a gate 120 nm
in length is increased from 165 nm to 250 nm through increas-
ing the thickness of the bottom resist layer in our experiments.
The distribution of Pt in Schottky contact metal of the gate
foot edges of the high gate stem device is found to be more
than that of short gate system, leading the Schottky barrier
to rise and the “Pt sinking to occur”. So the threshold volt-
age and the transconductance of the high gate stem device
are larger than that of the short gate system. The distribu-
tion of Pt in the Schottky metal is because the middle layer
metal Pt in Ti/Pt/Au gate spreads into the gate recess to form a
Schottky contact, which varies with the gate stem height or the
gate length. We find that the spreading Pt in Schottky contact
metal of gate foot edges can be increased with increasing the
gate stem height or the gate length, which further expands the
gate length. Therefore, it is suggested that the control of the
expanded gate length deserves attention while the gate stem
height is increased. As for the RF performances, the high gate
stem device exhibits higher f; and fnax than the short gate
stem device because of the lower extrinsic parasitic capaci-
tance and the higher intrinsic transconductance, both of which
would be essential in reducing the parasitic delay in the total
delay of device. As the parasitic delay plays a more and more
important role in improving the RF performance by scaling

018501-6



Chin. Phys. B Vol. 30, No. 1 (2021) 018501

down the gate length, the increasing of the gate stem height

can be an adoptable method to further improve the RF perfor-

mances of InP-based HEMT. Moreover, with radiation damage

mechanism studied adequately and the effective anti-radiation

hardness proposed, the the InP-based HEMTs’ applications in

space can be expected in near future. >8]
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