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ABSTRACT

A monolithic W-band preamplified diode
detector was developed based on 0.1 um pseu-
domorphic AlGaAs/InGaAs/GaAs HEMT tech-
nology. This chip consisted of a Schottky diode
detector with a two-stage W-band low noise
amplifier has a measured detector responsivity of
300 V/mW at 94 GHz and a tangential sensitivity
of -62 dBm. This is the first reported monolithic
preamplified diode detector at this frequency. A
higher sensitivity preamplified detector which was
built by cascade of two monolithic three-stage
W-band LNA with the preamplified detector chip
also shows a tangential sensitivity of -85 dBm.
This monolithic chip is ideal for insertion into the
W-band radiometer and passive imaging array
systems.

INTRODUCTION

Passive millimeter wave (MMW) cameras
have been developed at 94 GHz for imaging ther-
mal radiation from objects in space and on the
earth [1]-[2]. These cameras employed array
antennas and heterodyne sensors constructed with
RF mixers as well as IF amplifiers. They are
highly sensitive and frequency selective, but
require LO power and signal distributions, which
are either expensive, bulky, or difficult to
manufacture due to the small cellular packaging
requirement. An alternate approach is the direct
detection array camera using the video Schottky-
diode detector [3]-[4], which has the advantages
of wide bandwidth, operational simplicity, com-
patibility with MMIC process technology. The
approach does not require LO power, and thus
can reduce the array complexity and manufactur-
ing cost. However, the Schottky-diode detector
sensitivity is low. The typical tangential sensi-

tivity is about -50 dBm at 1 MHz video
bandwidth. Higher sensitivity can be obtained by
incorporating low noise amplifier (LNA) in front
of the detector. The increase in receiver sensi-
tivity enhances the direct detection camera array
resolution. This approach has been proposed by
Weinreb [5] and successfully implemented by
Lam et al. at 44 GHz [6].

Owing to the successful development of W-
band monolithic high gain LNAs using the 0.1
Jm pseudomorphic AlGaAs/InGaAs/GaAs
HEMT technology [7]-[10], it is feasible to
implement the same approach for the direct detec-
tion cameras at 94 GHz. In this paper, we will
present a W-band monolithic preamplified detec-
tor constructed by a 2-stage W-band LNA in
front of a 94 GHz Schottky-diode detector. More
than one order-of-magnitude improvement is
demonstrated. The tangential sensitivity is
increased from -45 dBm for a single detector to
-62 dBm at 94 GHz. The preamplified detector
chip can be easily combined with more monol-
ithic LNAs to obtain additional 2 to 3 order-of-
magnitude improvement. A such unit has been
built by cascade of two monolithic three-stage
W-band LNAs. It demonstrates a tangential sen-
sitivity of -85 dBm and enables passive MMW
radiometry and imaging W-band. To our
knowledge, this is the first reported monolithic
preamplified diode detector at this frequency
range.

DEVICE CHARACTERISTICS AND MODELING

The HEMT devices used in the LNA have
been optimized for high gain operation at W-
band. The 22% PM AlGaAs/InGaAs/GaAs
HEMT uses planar doping to achieve high chan-
nel aspect ratio as well as higher electron transfer
efficiency. The MMIC fabrication process used
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for this work has been previously reported [11].
The 0.1 pm T-gate PM InGaAs HEMTs fabri-
cated using this process typically have a transcon-
ductance of 670 mS/mm with a unit current gain
fr about 140 GHz.

The HEMT linear small signal equivalent cir-
cuit parameters are obtained from careful fit of
the measured small signal S-parameters to 40
GHz. Noise model parameters used for simula-
tion are obtained from fitting measured noise
parameters to 26 GHz. These parameters are
consistent with an estimation based on device
physical dimensions and parameters. The details
of] this modeling procedure were documented in
[71.

The Schottky diode is constructed by con-
necting the source and drain metal of a HEMT
device as the cathode of the diode and the gate
pad is used as the anode so that the diode process
is 100% compatible with our W-band 0.1 pm PM
AlGaAs/InGaAs/GaAs HEMT process. The
series resistance, reverse leakage current and the
ideality factor of the diode are calculated from
the diode dc IV characteristics, while the junc-
tion capacitor and other parasitics are obtained
from the measured §-parameters at various bias
conditions. A cut-off frequency of 450 GHz for
this diode is estimated from the model, and the
diode modeling procedure can be found in [13].

MONOLITHIC CIRCUIT DESIGN

Fig. 1(a) shows the photograph of the
monolithic Schottky diode detector chip. The
size of the chip is 2.0 x 1.2 mm?. The detector
employed a two finger 16 um diode. The diode
matching network is constructed by cascaded
high-low impedance microstrip lines on 100 um
thick GaAs substrate. A quarter-wave high
impedance line together with a radial stubs is
used to lead the diode bias voltage. A low-pass-
filter with a shunt microstrip line is placed at the
diode output port for low frequency signal and dc
return,

Fig. 1(b) shows the photograph of the
monolithic preamplified detector chip. The chip
size is 3.2 X 1.2 mm“. It consists of a two-stage
W-band LNA and the Schottky diode detector.
The LNA is a two-stage single ended design.
Each stage utilizes a 40 um HEMT with four
gate fingers. The input and interstage matching
networks are designed for low noise figure and
also realized by cascading high-low impedance
microstrip lines. Metal-insulator-metal (MIM)
capacitors are used for dc block and radial stubs
are employed for RF bypass. N* bulk resistors
and MIM capacitors are used to ensure bias net-
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Fig. 1. The photograph of the monolithic 94 GHz
(a) Schottky diode detector, and (b) preamplified
detector.

work stability, and reactive ion etching (RIE) pro-
cess is used to fabricate back side via holes for
grounding. The overall circuit design is similar
to the previously published W-band monolithic
LNAs [7]-[9] except that the shunt resistors on
the bias network were replaced by series RC net-
work. This approach eliminates the dc power
consumption in the bias network. Also, the gate
and drain bias lines on the two stages were con-
nected for ease of operation.

MEASUREMENT RESULTS

The Schottky-diode detector chip alone was
tested first and then the complete monolithic
preamplified detector chip was evaluated. The
measured input-output transfer characteristics and
frequency regponse of the Schottky-diode detector
are shown in Fig. 2. The measured responsivity
of a diode detector is 7.2 V/mW at 94 GHz and
the tangential sensitivity is -45 dBm. Fig. 3
presents the results of a preamplified detector
chip. The responsivity increased to 300 V/mW at
94 GHz and tangential sensitivity became -62
dBm owing to the two-stage preamplifier.
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Fig. 2. Measured (a) responsivity, and (b) fre-
quency response of the monolithic 94 GHz diode
detector.

A higher sensitivity preamplified detector
was built by cascade of two monolithic three-
stage W-band LNAs with the preamplified detec-
tor chip. Edge coupled lines fabricated on a 5-
mil thick quartz were placed between the monol-
ithic chips for dc blocking. The block diagram of
this unit is shown in Fig. 4(a). The three-stage
LNA using the same design as reported in [9] but
fabricated by passivated HEMT process and
without re-optimization for better performance
has a small signal gain about 13 dB. The
transfer characteristics is plotted in Fig. 4(b).
The measured tangential sensitivity is about -85
dBm, which is suitable for passive imaging appli-
cation.
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Fig. 3. Measured (a) responsivity, and (b) fre-
quency response of the monolithic 94 GHz
preamplified diode detector.

SUMMARY

We have presented a monolithic preamplified
diode detector using on 0.1 pm pseudomorphic
AlGaAs/InGaAs/GaAs HEMT technology. The
measured detector responsivity was 300 V/mW at
94 GHz and tangential sensitivity was -62 dBm.
This is the first reported monolithic preamplified
diode detector at this frequency and ideal for pas-
sive imaging application. A higher sensitivity
preamplified detector which was built by cascade
of two monolithic three-stage W-band LNA with
the preamplified detector chip also shows a
tangential sensitivity of -85 dBm.
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Fig. 4. (a) The block digram, and (b) the respon-
sivity plot of the integrated high sensitivity
preamplified detector unit.
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