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ABSTRACT

An X-band monolithic low noise amplifier (LNA)
with 0.5m-gate pulse-doped GaAs MESFETs was
successfully demonstrated for a direct broadcast
satellite (DBS) converter. This LNA shows excellent
VSWR matches of under 1.4 as well as a noise figure of
1.67dB and a gain of 24dB at 12GHz . The yield of
chips within microwave specifications is 62.5%.

INTRODUCTION

Since Japanese DBS began in 1984, households
receiving DBS have been increasing, and the number
has already risen above three million in Japan. R&D
of consumer-adaptable MMICs such as in DBS
converts is becoming vigorous today, owing to recent
advances in GaAs materials and processing[1][2]. The
merits of monolithic integration are miniaturization,
reduction of the assembling cost and improvement of
reliability. For high volume consumer application,
cost is the most important problem.

The objective of this work is to develop a cost-
effective and mass-produceable LNA for consumer
application. GaAs MESFETSs with highly doped, very
narrow active regions, known as pulse-doped
MESFETS, are applied for this purpose. AlGaAs/GaAs
high electron mobility transistors (HEMT) are the
most popular device in microwave application today,
because of their excellent low noise and high gain
performance, It is our view that pulse-doped
MESFETSs are more suitable than HEMTs from the
standpoint of productivity because of their simple
structure based on OMVPE-grown materials and their
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easy fabrication process based on conventional
photolithography techniques. Excellent low noise
characteristics comparable to HEMTs with the same
dimensions and high uniformity were reported, and an
MMIC amplifier was also demonstrated in previous
works[3][41[5].

This paper describes an LNA with improved
performance and fabrication yield, which was designed
with an emphasis on VSWR matches as well as a low
noise figure and a high gain. To the best of our
knowledge, this MMIC achieves the lowest VSWR

. matches with the highest yield reported so far for this

kind of 12GHz monolithic LNA. Thus, troublesome
cutting and pasting to tune the matching circuit can be
eliminated from the assembling process of DBS
converters.

DEVICE TECHNOLOGY AND CHARACTERISTICS

Figure 1 shows the structure of a pulse-doped
GaAs MESFET, A planar structure is one of the most
important factors for MMIC application to improve the
uniformity and reproducibility of FET characteristics.
To fabricate this structure, an undoped p~GaAs buffer
layer (1um), a Si-doped GaAs active layer (4X
1018/cm3,100A), and an undoped n-layer (3004) were
successively grown by OMVPE on a semi-insulating
GaAs substrate. The active areas were isolated by
mesa etching. The submicron gates were defined using
conventional photolithography techniques based on T-
shaped dummy gate self-alignment. A T-shaped resist:
mask with a 0.2.m undercut was formed by
anisotropic RIE. The n+ regions were formed by the
self-align implantation of Si ions. Ohmic contacts
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Fig.1: Structure of pulse-doped GaAs MESFET

were formed by evaporating Ni/AuGe and successively
alloying at 450°C. Gate metals of Ti/Pt/Au were
substituted for the dummy gate. The gate length was
0.5um, gate metal length was 1.2,m and source/drain
electrode spacing was 4.0um,

Monolithic integration was realized using via-
holes for grounding, MIM capacitors employing 3000A
thick silicon oxi-nitride, and airbridges for gate-feed
circuits, etc. The substrate thickness was 100xm. A
schematic cross-section of the MMIC structure is
illustrated in Fig. 2.
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Fig. 2 : Schematic cross-section of MMIC

Each FET consisting of this LNA has a size of
0.5mX280um. The typical DC characteristics of
these devices are an Idss (Vd=2V) of 57TmA with a
pinch-off voltage of —1.0V and a maximum
transconductance of 90mS. Figure 3 shows measured
minimum noise figures (Fmin) and associated gains
(Ga) versus drain current (Id) at 12GHz. Minimum
noise figures of 1.23dB with associated gains of 9.0dB
were measured at 12GHz and were relatively
independent of drain current. These superior features
make it possible to design low noise amplifiers with a
large margin for bias conditions.
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Fig. 3: Measured Fmin and Ga versus Id/Idss

CIRCUIT DESIGN

The principal aim of the design is to attain
excellent VSWR matches with high uniformity so that
the LNA can be employed without any impedance
tuning outside the IC. The key to the design is to
optimize series feedback inductance. This is a well-
known technique to achieve a simultaneous noise
match and an input VSWR match, and a large margin
for process fluctuations[6]. However, detailed study of
the relation between FET parameters and series
feedback inductance has not been extensively reported.
Therefore it was examined in detail how basic
parameters of a pulse-doped FET changed with the
series feedback inductance using simulation and
experiments[5].

The design goal was a noise figure of less than
2.0dB, a gain of 24dB and VSWR matches of under 2.0.
Based on the fundamental consideration as described
above, performances of an amplifier per stage were
simulated by varying stub length, because series
feedback inductance was formed by a stub between the
source and ground as shown in Fig, 4. Figure 4
illustrates simulation results where matching
networks are synthesized so that an amplifier per
stage has the minimum noise figure (called noise
match below). Figure 5 shows this in the case of the
maximum gain (called gain match below) as well. The
first stage should be designed with noise match. The
stub length needs to be more than 400um to
accomplish input VSWR of under 2.0 as shown in
Fig.4. 400.m is, however, just enough length to be
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Fig. 4 : Amplifier performance for noise match
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Fig. 5 : Amplifier performance for gain match

lower the input VSWR of 2.0 and there is no margin for
process fluctuation. When the stub length of the first
stage is set at more than 500xm and the following
stages are designed as gain match, it is shown in Fig. 5
how many stages are needed to obtain the overall gain
of the design goal. In the case of a three stage
amplifier, a gain of 8.8dB per stage is needed in the
following stages but figure 5 illustrates that this is
impossible. Thus an amplifier which meets the design
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Fig. 6 : Micro-photograph of monolithic LNA

goal must have a four stage configuration. In the case
of a four stage amplifier, the required gain per stage is
6dB and figures 4 and 5 show that stub lengths can be
selected up to 800 m. From the above-mentioned
study, 700m was decided upon for the length of the
stubs of all the stages. A micro-photograph of the LNA
is shown in Fig. 6. Each stage has the same
configuration because VSWRs are low enough for
cascade connection.

RESULTS

Figure 7 shows the frequency characteristics of
LNA performances. It shows a very good input VSWR
match of 1.3 and an output VSWR match of 1.4, as well
as a noise figure of 1.67dB and a gain of 24dB at
12GHz. Figure 8 shows the distribution of the LNA
performances which are from two 2-inch ¢ wafers of
the same lot. The noise figures of 62.5% of the chips
are within 2.0dB, the gains of 75% of the chips are over
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Fig. 7: Frequency characteristics of performances
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22dB, the input and output VSWR matches of 93.8%
are under 1.4, The yield, which is defined as the
percentage of chips within all the above microwave
specifications, is as high as 62.5% and very high
uniformity is achieved.

CONCLUSION

An X-band MMIC Amplifier with Pulse-doped
GaAs MESFETSs has been successfully demonstrated.
It exhibits very good VSWR matches of under 1.4 as
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well as a noise figure of 1.67dB and a gain of 24dB at
12GHz with high yield of 62.5%. In the assembling
process of DBS converters, the input matching network
is usually tuned by cutting and pasting strip lines in
order to optimize their noise figure. This LNA makes
it completely unnecessary to tune anything. The
results of this monolithic LNA prove that the MMIC
technology based on pulse-doped MESFETSs is quite
promising for consumer application.
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