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ABSTRACT

Short-gate-length high electron mobility transistors(HEMTs)
developed in our laboratory have exhibited state-of-the-art low
noise performance at millimeter-wave frequencies: minimum noise
figure of 1.2 dB at 32 GHz and 1.8 dB at 60 GHz from 0.25pm
HEMTs. At Ka-band, a two-stage low noise amplifier has
demonstrated an average noise figure of 2 dB from 26.5 GHz to 37
GHz with a gain of 17 dB at 32 GHz, At V-band, a two-stage
amplifier yielded noise figure of 3.2 dB at 61 GHz with flat gain
12.7 ~ 0.5 dB from 59 GHz to 65 GHz. The results clearlY show the
potential of the short-gate-length HEMTs for high performance
millimeter-wave receiver applications.

INTRODUCTION

Recent developments in heterostructure transistor
technology have advanced very rapidly in both the high speed and
high frequency areas. HEMT devices have shown superb low
noise and power results in microwave and millimeter-wave
frequency regions[l -3]. HEMT amplifiers have been
demonstrated at 35 GHz[4] and V-band[5-7]. In this paper, we
report the development of 0.25vm HEMT Ka-band and V-band
amplifiers achieving record low noise performance, and discuss
the potential for future improvement.

DEVICE DESCRIPTION

The devices were fabricated on selectively doped
AIGaAs/GaAs heterostructures grown by molecular beam
epitaxy(MBE). These HEMTs employed large cross-section T-
shaped gates, one of which is shown in Figure 1, to minimize the
parasitic gate resistance[8]. DC extrinsic transconductance, gm,
of 0.25 pm HEMTs is typically 450 mS/mm, although values as
high as 600 mS/mm have been obtained. We have developed a
very effective screening technique based on the device
parameters(g~, C ,, Id,), and iow frequency thermal noise
measurements[9] ?or seiecting devices for the amplifier work.
Table 1 displays the 0.25 Mm AIGaAs/GaAs HEMT noise
performance from 8 to 60 GHz. These HEMTs gave minimum
noise figure of 1.2 dB with associated gain of 10 dB at 32 GHz and
1.8 dB noise figure with 6.4 dB gain at 60 GHz - these are the best
device results yet reported for any microwave transistor. F~ in
Table 1 k defined as the noise figure of an infinite chain of
cascaded single-stage amplifiers. it is a useful figure of merit that
closely approximates the noise figure attainable in a multi-stage,
high gain (>15 dB) ampiifier.

E!Q!IQ Low resistance 0.25 pm gate structure.

Frequency (GHz)I NF(dB) I Ga(dB) I Fm(dB)

8 0.4 15.2 0.41

18 0.7 13.8 0.73

32

II
1.2 10.0 1.31

60 1.8 6.4 2.22

Fm=F+:+~ + .......= ~

Tabie 1. Noise Performance of 0.25um AIGaA:j/GaAe HEMTs
at 300K.
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Ek!!@A Ka-band 2-stage HEMT LNA.

KA-BAND HEMT LNA

Figure 2 is a photograph of the Ka-band two-stage HEMT low
noise amplifier(LNA). A simple, stepped ridge to microstrip
transition was utilized in the amplifier. The amplifier design was
based on 0.25 x 75 pm HEMTs. The input and output networks
included the waveguide to microstrip transitions. The device
equivalent circuit model was obtained from fitting S parameters
measured at low noise bias condition from 2 to 20 GHz using
Super-Compact. We then selected the equivalent circuit topology
and determined some element values for the Ka-band LNA design
based upon the good agreement between calculated and
measured millimeter wave gain performance. The input, output,
and inter-stage matching circuits were designed on 10 mil quartz
substrate with TaN thin film resistors and TiWAu metallization.
The edge-coupled symmetric microstrip DC blocking circuit(two
finger) was used to provide low loss DC isolation and improve
stability out of band functioning as a band-pass filter.

The LNA fixture and DC bias circuits were designed with the
consideration of cryogenic operation, Diode protection was
Included in both the gate and drain bias circuits. Two LEDs were
mounted on top of the cover for the purpose of determining the
light sensitivity of HEMTs at low temperature. No noticeable
difference had been observed in the measurement with or without
the light.

The ampiifier broadband performance is shown in Figure 3.
It exhibited average noise figure of 2 dB from 26.5 GHz to 37 GHz,
At 32 GHz, it demonstrated 1.7 dB noise figure with 17 dB
associated gain. The gain is 17.0 dB + 0,5 dB from 29 to 34 GHz.
Figure 4 displays the noise performance upon cooling at 32 GHz.
At -60”C, the amplifier yielded 0.9 dB noise figure with a gain of 18
dB. The noise measurement was performed by the hot/cold
method. For the room temperature swept frequency
measurements, the ENR values of the solid state noise source
were calibrated using hot/cold standards, It appears that the
improvement caused by cooling of the HEMTs is more
pronounced than that of the conventional GaAs FETs.
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EQ!E.3 Gain and noise performance of Ka-band 2-stage
HEMT LNA.
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E!Q!E?l Cooled temperature dependence of noise
performance for Ka-band 2-stage HEMT LNA.
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HQ!Ez Measured performance of V-band E-field probe
fixture with a 50 ohm through line.
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V-BAND HEMT LNA

E-field probes were used for the V-band waveguide to
microstrip transition. Microstrip circuits and adjustable
backshorts were also included in the fixture to optimally match the
radiation impedance to 50 ohm to achieve best transition
performance. The V-band fixture with a 50 ohm through line
containing two edge-coupled Iines(necessary to provide DC
blocking) has a measured insertion loss of 1 dB from 58 to 62 GHz
asshownin Figure5. Theinput return lossisapproximately 20dB
in the test band.

0.25 x 50 urn HEMT devices selected for the V-band LNA
work were determined on the trade-off between optimum
impedance matching, power handling capability, intermodulation
distortion, and power dissipation. The parasitic, tee/cross
junctions, steps, and gaps of the circuit elements were carefuliy
analyzed and modelled using Super-Compact and Jansen fuil
wave analysis. The gate and drain bias circuits which consisted of
high and low impedance quarter-wavelength transmission line
network, bonding wires, chip capacitors and resistors, were
designed to be unconditionally stable from low
frequency (megahertz range) to 94 GHz.

The two-stage HEMT low noise amplifier performance from
55 to 65 GHz is shown in Figure 6. The minimum noise figure is
3.2 dB with 12.7 dB at 61 GHz. The flat gain response of the LNA
is 12.7 dB ~ 0.5 dB from 58 GHz to 65 GHz with a noise figure of
less than 4 dB across the band. The input return loss of the LNA is
approximately 10 dB from 56 GHz to 64 GHz, which is significantly
better than that of a GaAs FET LNA. This is because the optimum
source impedances of HEMTs for minimum noise and for gain
match are closer than those of the FETs. The noise source usad
in this measurement was also calibrated by the hot/cold method.

FUTURE IMPROVEMENT

In addition to conventional HEMTs based on AIGaAs/GaAs
heterostructures, new structures such as lnGaAs HEMTs have
shown great promise. Theoretical investigational O] has shown
that the FET performance can be improved by reducing the gate
length if the ratio of gate iength to channel thickness can be
maintained. We minimized the short channel effect in the 0.1 pm
HEMT device by adopting an AiGaAs/lnGaAs/GaAs planar doped
structure[l 11 and were able to obtain the extrinsic gn as high as
930 mS/mm from 0.1 x 50 pm devices. The device structure is
described in Figure 7. A maximum gain of 19.3 dB has been
measured at 18 GHz.

The 0,1 pm HEMT device with a normal triangular-shaped
gate has a very high gate resistance, approximately 20 times
higher than the 0.25 urn T-shaped device. In spite of the high gate
resistance, a single stage amplifier using 0.1 f.rm HEMT has
demonstrated a noise figure of 3.1 dB and gain of 7.4 dB at 59
GHz as compared with 2.4 dB noise figure with 5.4 dB gain
obtained using a 0.25 pm HEMT(not correcting for fixture ioss).
Figure 8 displays the measured results of both singie-stage
amplifiers from 58 GHz to 62 GHz. By employing the multi-finger
air-bridged gate or T-shaped gate to reduce the gate resistance,
our calculations indicate that a noise figure of less than 2.4 dB
with gain of 10 dB at 60 GHz can be achieved in single-stage
amplifier using 0.1 urn HEMT.
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Hwm Gain and noise performance of V-band 2-stage
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and solid line for 0.25um HEMT,
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CONCLUSION

We have demonstrated state-of-the-art Ka-band and V-band
low noise amplifier performance using our 0.25 m HEMT devices.
The results clearly show their great potential for millimeter-wave
low noise receiver applications. Due to HEMTs’ lar9e 9aln-
bandwldth product and large noise bandwidth, the HEMT LNA is
well suited for broadband applications. Further advances in
transistor technology will lead to improved performance at all
frequencies, and will also make it possible to develop transistor
amplifiers at frequencies through 94 GHz. The low minimum noise
figure and broad bandwidth of HEMTs will also make low-noise
HEMT MMICS very attractive for high performance receiver
applications.
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