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Abstract—This letter describes the excellent performance of
a Ka-band monolithic variable-gain amplifier monolithic mi-
crowave integrated circuit (VGA MMIC) using dual-gate Al-
GaAs/InGaAs pseudomorphic high electron mobility transistors
(HEMT’s). The dual-gate HEMT can be fabricated by the same
process as a single-gate HEMT. To achieve low-noise perfor-
mance, a single-gate HEMT is employed in the first stage of the
VGA MMIC. However, in the second and third stages, dual-gate
HEMT’s are used for gain control performance with higher gain.
The VGA MMIC achieves more than 30-dB gain with more than
50-dB gain control range from 30 to 35 GHz. A noise figure of Fig. 1. Microphotograph of the VGA MMIC.
1.4 dB with an associated gain of 29.2 dB is achieved at 33 GHz
when biased for a low-noise performance.

carrier concentration of 5 10'2 cm2 is inserted into the
AlGaAs layer in order to obtain a high transcondutance.

The 0.15uzm T-shaped gate is defined using photo/EB hy-

M ILLIMETER-WAVE is very attractive for future COM- pjq exnosure with a double-layer resist [5]. This process
munication systems that require larger capacities. 10 oycellent in terms of wafer throughput because it utilizes

satisfy the demand, monolithic microwave integrated CirCUiLStep—and-repeat exposure to fabricate the wide head of the T-

(MMIC's) haye been wide_ly_ invgstigated because they_ h_a\éﬂaped gate structure. A narrow source-to-drain space of 1.5
advantages in terms of miniaturization, good reprodu0|b|lltd¥gm in the single-gate structure is employed for reduction of

. INTRODUCTION

and low cost in high production, without undesirable wir ulk resistance in order to achieve high-gain and low-noise

connections that strongly impact assembly yield and ra ﬂ)%rformance. The dual-gate configuration can be fabricated at

frequency (RF) performance for the millimeter-wave range.. . < me time as the single-gate configuration by the same

Gain control technologies hav_e allso bee_n widely in.ves.t"rocess. Noise performance of a dual-gate HEMT is usually

gated for temperature compensation in satellite commumcan%l? . . i -
. . . inferior to that of the single-gate HEMT because of parasitic
systems, improvement of the sidelobe level in the phased-arrag. ) : i S :
rﬁs istance. For this reason, a single-gate HEMT is utilized in

radar sy_stems,_ etc. [1].’ [2] T_h_ere are, rymovyever, fE.N.V repoE e first stage of the multistage amplifier in order to obtain a
concerning variable-gain amplifiers (VGA'’s) in the millimeter-

wave range [3], [4]. We have recently reported on the firgntlgh-gam low-noise monolithic variable-gain amplifier.

millimeter-wave VGA that consists of a low-noise MMICHESI\T_?"'S'gnaI equ:jvafler;’ig parame’;ers tﬁftthe smgle-gactje
amplifier (LNA MMIC) and a VGA MMIC [3]. Our previous are extracted from>-parameters that are measure

work indicated the potential for simultaneously fabricatin nder hot and cold bias conditions [6]. Noise parameters are

the dual-gate high electron mobility transistor (HEMT) wit alculated from measured noise parameters at relatively lower

the same process as the single-gate HEMT. In this wotk€duency using the noise modeling [7], [8]. Small-signal

we describe a monolithic Ka-band three-stage variable-gdirameters of the dual-gate HEMT's are obtained by cascode

amplifier that achieves high gain, low noise, and Wide—gaﬁpnneCting two single-gate HEMT'S and are compared with
control performance. measured-parameters of the monitor HEMT of the dual-gate

configuration.

The first stage of the VGA MMIC utilized a single-gate
HEMT with a gate width of 120um, considering the best
noise performance for Ka-band [9]. A lightly series feedback

A microphotograph of the three-stage VGA MMIC is showns ytilized in order to simultaneously achieve better noise
in Fig. 1. AlGaAs/InGaAs pseudomorphic HEMT's are useflgyre and voltage standing-wave ratio (VSWR). A radial
in the VGA MMIC. Epitaxial layers are grown by molecularsyp connected with a 1/4-wavelength high-impedance line is
beam epitaxy (MBE). A Si-planar-doped layer with shegfseq for the bias circuit because of its low insertion loss and
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Fig. 2. Measured gain control performance of the VGA MMIC.; Ny
signifies the first stage drain current arigh v 4 signifies the voltage applied
to the fist gates of the second- and the third-stage dual-gate HEMT.
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Fig. 3. Measured noise figure and associated gain of the VGA MMIC when

biased for low-noise performance. ¥ s signifies the sum of the second-
and third-stage drain currents.
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figure of 1.4 dB is obtained with the associated gain of 29.2
dB at 33 GHz. The noise figure is less than 1.8 dB with the
associated gain of more than 28.9 dB from 30 to 35 GHz.

A Ka-band high-gain low-noise monolithic three-stage vari-
able gain amplifier has been successfully developed using
dual-gate AlGaAs/InGaAs pseudomorphic HEMT’s. The 0.15-
p4m gate dual-gate HEMT can be fabricated by the same
process as a single-gate HEMT, and at the same time. Gain of
more than 30 dB is obtained from 30 to 35 GHz. The minimum
noise figure of 1.4 dB is achieved with the associated gain
of 29.2 dB at 33 GHz when biased for a low-noise figure.
This performance is well suited to millimeter-wave front-end
components.

CONCLUSION
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