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ABSTRACT

A novel multi-feed gate configuration using air-
bridge metallization is demonstrated for low noise
HEMTs. The configuration is designed according to the
detailed analysis of parasitic gate capacitances. Very low
noise figures of 0.55 and 1.6dB have been achieved at 12
and 40GHz for 0.25pm gate AIGaAs/InGaAs seudomor-

l’phic HEMT, respectively. The noise figure o 4.ldB and
the gain of 12.2dB at 40GHz are also obtained for the 2-
stage HEMT MMICS.

INTRODUCTION

The noise performances of HEMTs have been much
improved by reducing gate length to quarter-micron or
less[l,2]. T-shaped gates have been widely applied to the
sub-quarter-micron gate HEMTs for reducing the gate
resistance, which increases drastically with decreasing the
gate length. However, in realizing the T-shaped gate by
electron beam direct writing, rather complicated processes
such as multi-layer resist and/or multi-exposure and
development techniques have been re~uired[3].

On the other hand, it is also efficient for reducing the

F
ate resistance to shorten unit gate width using a multi-
eed (multi-finger)gate configuration. In the multi-feed

gate, the effective gate resistance is in reciprocally propor-
tion to square of the number of gate finger. For example,
the effective gate resistance can be reduced by a factor of
more than 10 using 14-finger gate com ared with that of

Fthe practically used mconfiguration(4- mger) with equal
length(Lg) and total width(Wg).

Moreover, the multi-feed gate has some advantages

i
as follows. 1 As any complicated lithographic processes
mentioned a ove are not required, ultra-short-length gate
can be easily formed with a simple lithographic process. ‘2)
Fabrication processes of the multi-feed gate are compati-
ble with those of conventional MMICS because the air-
bridge connections used for the multi-feed gate are formed
simultaneously with circuitry interconnections of the
MMICS.

Ins ite of these advantages, there have been few rc-
!lports on t e multi-feed gate configuration. This is probably

due to the anxiety about the complicated structure with the
air-bridge connections and the degradation of low noise
performances by parasitic capacitances originated from the
multi-feed configuration.

In this study, the parasitic gate capacitances related
to the multi-feed gate configuration are examined in detail.
On the basis of the results, a novel multi-feed gate HEMT
with excellent low noise performances is developed. Using
this HEMT, Q-band monolithic low noise amplifiers are
also demonstrated.

ANALYSIS OF PARASITIC GATE CAPACITANCES

Figure 1 shows an SEM photograph and a schematic
view of a multi-feed gate HEMT(type A) whose parasitic
gate capacitances we have exammed primarily. In the
configuration, DC/RF si nals are fed to the single gate

“ffinger through the multlp e feeders(5 feeders in Fig.l(a))
from a gate pad. The air-bridges connect the feeders
across the source electrode with an air-ga of about 2Pm.

$A rather long gate length of 0.45~m is use to evaluate the

I I/

(a) b)

Fig. 1 An SEM photograph (a) and a schematic view (b) of a multi-feed gate I-EMT (type-A).
The Wa and Sf are the width of afi-bridge connection and area of feed-point, respectively
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capacitances accurately. The width of the air-bridge
connection and the size of the feed-point(Sf) are
14fim and 14x14pm2, respective , The epitaxial layers of

7n+ -GaAs/n-AIGaAs/i-InGaAs i-GaAs for the pseudo-
morphic HEMT are grown by MBE. About 150nm deep-
recess structure is used.

At first, S-parameters of the HEMTs with different
number of feeders(Nfp) have been measured by on-wafer
RF-probin . As the results, we have found that the current

Fgain cut-o f frequency degrades with increasing the
Nfp. This suggests that additional arasitic gate capaci-

$tances related to the multi-feed co lguration degrade the
RF performances. The de endence of gate-to-source
capacitance(C~s) on the J fp is shown in Fig.2 for the
HEMTs with d~f:t total-gate-widths(Wg). The Cgsn~
calculated the measured fT
transconductance( gm) using a simple equation of
Cgs ‘gm/(2~fT). The Cgs increases linearly with the same
slope for each gate-width as the Nfp increases. The addi-
tional parasitic gate capacitance er a feed-point is esti-

/’mated to be about 16fF from thes ope.
In order to clarify the effect of the parasitic gate

capacitances on low noise performances, the minimum
noise figure(Fmin) and the associated gain(Ga) of the
HEMTs are evaluated at 12GHz as a function of the Nfp
and the results are shown in Fig.3. The dotted line in the
figure is a fitting curve for the Fmin calculated from the
Fukui’s equation[4] with only Cgs as a fitting parameter.
As the curve fits the plotted data well, the degradation of
the Fmin for the Nfps of larger than 3 is concluded to be
due to the increase of the parasitic gate capacitances. The
improvement of the Fmin with increasing the Nfp up to 3
is thought to be attributed to the reduction of the gate
resistance. On the other hand, the Ga decreases linearly
with increasing the Nfp because of little effect of gate
resistance on gain.

!500
Wg

300 P m

400 -

200 Pm
G
+

: 300 - 150pm

s
100pm

200 -

100
# 1 D m #

24681O

Nfp

Fig. 2 The dependence of gate-to-source capacitance
(Cgs) on the number of feed-point (Nfp) for different
total-gate-widths (Wg).
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Fig.3 Dependence of minimum noise figure
(Fmin) and associated gain (Ga) on the number
of feed-point (Nfp).

Air-bridge connection

EIl
Fig.4 The model of gate-to-source capacitances in the
multi-feed gate HEMT.

Table I Gate-to-source capacitances

~

Lgl Wg =0.45 /200p m, Nfp=5
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To derive some guides to reduce the arasitic gate
capacitances related to the multi-feed con 1 uration, we

‘! *have divided the Cgs into the components o Ca, Cl, C
and C3 as shown in Fig.4. The C and Cl are intrmslc art

f!fringing capacitances of the ate m~er, and C2 and C3 are
capacitances related to the eed points and the cross-over
parts between the air-bridge connections and the source
electrode, respective . The each component is calculated
from the Wg and N dependencies of the C s. Table I

fsummarizes the resu ts for a Lg/Wg = 0.45/20fPm and 5-
feed(lO-finger) HEMT. The C2+ C3, which is the addi-
tional capacitance due to the multi-feed gate configura-
tio~ occu ies 2590 of the total capacitance even in such a

{long-lengt (0.45pm) gate having large Co When the C is
?reduced by shrinking the gate length, the effect of he

?
+ C3 becomes more serious. Particularly, we should pay

at ention to the ~ which is larger than the C . From these
$investigations, we conclude that it is crucial or reduction

of the parasitic gate capacitances to miniaturize not only
the width of the air-bridge connection but also the
area of the feed-point(Sf).

To confirm the effect of miniaturizin~ the Wa and Sf
in the practical quarter-micron gate dewces, the Sf de-
pendence of the Cgs is examined with the Wa as a parame-
ter for Lg/W =0.25/200pm HEMTs and the results are

fshown in Fig. . The Cgs is successfully reduced from 28! to
220fF by mmiaturizin the Wa/Sf from 14~m/196~m to

%5pm/6pm2. It should e noted that the reduction of the
Cgs is mainly attributed to that of the

%
by miniaturizing

the Sf. Considering tha~ the ~+ C3 has een 80fF for the
Wa/Sf of 14~m/196pm , the residual parasitic gate capaci-
tance related to the configuration is estimated to be about
20fF. which is mainlv the capacitance of the cross-over
parts’ (C3).
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Fig.5 The feed-point area (Sf) dependence of
gate-to-source capacitance (Cgs) in the HEMTs with
air-bridge metall~zadon width-(Wa) of 14 and 5pm.

A NOVEL MULTI-FEED GATE CONFIGURATION

In order to reduce the residual parasitic gate capaci-
tance further, we have desi ned a novel multi-feed gate

Econfiguration(type B) as s own in Fig.6, in which the
Wa/Sf are also reduced to 5pm/6vm2. In the configura-
tion, the feed points are interconnected by an air-bridge
formed just above the gate finger so that no air-bridge
connection crosses over the source electrode. The depend-
ence of the fT on the Nfp is compared with that of type A
in Fig.7. The degradation of the f with increasing the Nfp

%is considerable suppressed in type .
1Figure shows the dependencies of both Fmin and

Ga at 12GHz on the Nfp in type B HEMTs havin 0.25~m
&gate. The Fmin is decreasing with increasing the fp up to

11. The curve for the Fmirt m the figure is calculated using
the Fukui’s equation with fixed parameters except for the
gate resistance. The effective gate resistance of the HEMT
with 11 feeds, whose unit ate width is as small as 6.8~m, is

Eapproximated to be less t an O.In. Since this curve fits the
data well, we can be convinced that the arasitic ate

J’fcapacitances originated from the multi-fee gate con lgu-
ration in type B have little effect on the low noise per-
formances.

(a)

(b)

Fig.6 An SEM photograph (a) and a schematic view (b)
o~a novel multi-feed-gaie HEMT (type-B).
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The HEMT with 11 feeds shows the best Fmin of
0.55dB and the associated gain of 10.2dB at 12GHz. The
dependence of the Fmin and the Ga on the drain
current(Ids) is shown in Fig.9. At 40GHz, the Fmin of
1.6dB is also obtained. These low noise performances are
satisfactory compared with those of the state-of-the-art T-
shaped gate GaAs based HEMTs with the same gate
length.

To demonstrate the advantages of the HEMT for
MMIC, Q-band low noise MMIC amplifiers using this
multi-feed gate configuration have been develo ed for

“Fmillimeter-wave communications. In 2-stage amph ler, the
noise figure of 4. ldB and the gain of 12.2dB are obtained
at 40GHz.

CONCLUSIONS

We have realized super low noise HEMTs with a
novel multi-feed gate confi uration which is designed

f“accordin to the detailed ana ysls of parasitic gate capaci-
$tances. he minimum noise fi ures of 0.55 and 1.6dB are

dachieved for 0.25pm gate HE Tat 12 and 40GHz, respec-
tively. Using the multi-feed gate HEMT, low noise 2-sta e

EMMIC amplifiers with the noise figure of 4.ldB and t e
gain of 12.2dB at 40GHz are also realized.
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Fig.9 Drain current (Ids) dependence of minimum
noise figure(Fmin) and associated gain(Ga).

Fig.8 The Nfp dependence of Fmin and Gain
the type-B HEMTs. The Fmin curve is fitted
using the Fukui’s equation with only the gate
resistance variable.
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