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ABSTRACT

Miniaturized L-band low noise variable
gain amplifiers are demonstrated for portable
mobile communication equipment applications.
The fabricated MMICs use D-mode GaAs
MESFETs and need only positive bias. The
amplifier has a noise figure of 3 dB and a gain of
14 dB. The chip size is approximatcly 1 mm x 1
mm and the current dissipation is only 1.8 mA.

INTRODUCTION

MMICs are very attractive for use in
portable mobile communication equipment [1].
In such applications, the requirements for the
front-end low noise amplifier include low
current consumption, small size, and a high third
order intercept point. Also, positive bias
operation is preferable for battery operation of
portable equipment.

This paper reports low noise variable gain
amplifiers that operate without a negative bias.
Furthermore, these amplifiers have low current
consumption by using D-mode FETs instead of
the conventional E-mode FETs [2,3].

CIRCUIT DESIGN

The noise figure of a microwave low noise
amplifier is determined by the noise
characteristics of the FET and input matching
circuit. The minimum noise figure of the FET
NFmin increases linearly as the frequency
increases [4]. On the other hand, the loss of the
input matching network is, roughly speaking,
inversely proportional to frequency. Therefore,
the dominant factor determining the noise
figure of the circuit is the loss of the input
malching circuit at lower frequencies, such as L-
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band, where the minimum noise figure of the
FET is not so important, as shown in figure 1.

There are two methods to reduce the loss
of the input matching circuit. One is to reduce
the line loss itself by using wider and thicker
metal, but it results in a larger chip size. The
other method is to reduce the ratio of the
impedance transformation of the network in
order 1o shorten the line length. For that
mecthod, lower equivalent noise resistance Rn
and lower optimum reflection coefficient IToptl
are more important than a lower minimum
noise figure for L-band low noise amplifier
design [2].
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Fig.1 Generalized frequency characteristics of
the circuit noise figure.

Noise parameters IToptl, Rn, and NFmin
versus the gate width of the FET and the current
are plotted in figure 2 and 3, respectively. The
FET is an ion implanted FET with 0.6 pm gate
length, A commercially available on-wafer
noise parameter test set was used for
characterizing the FETs. Figure 2 shows that the
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wider gate width FET has lower I[Copti and Rn.
Figure 3 shows that very low current operation
results in higher Toptl, Rn, and NFmin. Also
very low current operation results in a much
lower available gain and linearity. Therefore,
the choice of the optimum gate width is very
important to realize a low noise amplifier in the
low current condition. We chose 0.6 pm gate
length and 300 um gate width FETs.
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Fig.2 Noise parameters versus FET gate width.
(Vds=1.5V)

Wg=400um

\

Noise Parameters
(@)
W

—0— NFmin
e TOPL
—O— Normalizad kn

OO L i
C 10 20 30

Id [mA]

Fig.3 Noise parameters versus bias current.
(Vds=1.5V)

Figure 4 shows the circuit schematic of the
fabricated low noise amplifier. A cascode
connected FET is used for higher gain and gain
controllability. A conventional self-bias
technique is used for positive bias operation.
The circuit employs spiral inductors having 10
pum line width and 5 um spacing to realize the
small chip size. To reduce the loss of the spiral
inductor and still use the conventional
fabrication techniques, we used a stacked spiral
inductor in which a contact hole connects the
lower metal and upper metal. In the spiral
inductor model, the equivalent circuit
parameters are described as a function of the
total line length [5]. Figure 5 shows a
photograph of the fabricated 1.6 GHz low noise
amplifier chip. The chip size is 0.94 mm x 1.15
mm,
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Fig.4 Circuit schematic of the fabricated
low noise amplifier.

Fig.5 Photograph of the chip.



PERFORMANCE

Figure 6 shows typical frequency
dependencies of the noise figure and gain for
the 1.6 GHz low noise amplifier. The amplifier
had a current dissipation of 1.8 mA and a bias
voltage of 3 V. The gain control voltage Vc was
14 V. The minimum noise figure was 3.0 dB
with a gain of 14 dB. The third order intercept
point IP3 of 6.5 dBm was obtained.
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Fig.6 Frequency characteristics of the amplifier.

Figure 7 shows the gain control
characteristics of the amplifier. Conventionally,
a negative control voltage is used in this type of
amplifier, but the noise figure degrades with the
decrease in gain, and negative voltage is not
preferable for battery operated equipment. For
these reasons, we used positive voltage for the
control voltage, so that the gain drops as the
second gate voltage is increased toward the
drain voltage[7]. The conventional amplifier can
be simulated as a 2 stage amplifier in which the
first amplifier is used for the gain control,
whereas this one can be simulated as a 2 stage
amplifier in which the second amplifier is used
for gain control. In this design, the parameters
of FET! are almost constant at every conirol bias
point. Therefore, the input matching condition
and the noise figure do not change much even at
the lower gain condition. The gain can be
controlled from 15 dB to 3 dB with only a 0.6 dB
NF degradation. The low power dissipation
performance was measured by reducing the bias
voltage Vdd, where V¢ was almost half of vdd.
Figure 8 shows the measurement results. A

maximum gain/power
dB/mW was obtained.
the same circuit
fabricated.

quotient [2]

configuration was

to -3 dB gain with a 2 dB NF degradation.
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Fig.7 Gain control characteristics of the
amplifier.
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Fig.8 DC bias versus gain and noise figure.

69

of 4.2
A 2 GHz amplifier with
also
The amplifier, which has a 0.9 mm x
1.1 mm chip size, can be controlled from 14 dB



Figure 9 compares our results with
previous work. Gain/(NF*Ppc), which is an
adequate figure of merit for low noise amplifiers
for portable communication equipment, is
plotted on the x axis. The chip size is plotted on
the y axis. In figure 9, only self-biased MMICs
appear.  This circuit' configuration using the
cascode FET is suitable for the low noise
amplifier with low current consumption. Also, it
is more suitable for the MAMAS (Microwave
Analogue MAster Slice) technique, better than a
dual gate FET configuration. We have developed
a low noise amplifier for the Japanese digital
cellular (JDC) and cordless Personal Handy
Phone (PHP) by using this configuration with
plated spiral inductors. The JDC has 17 dB gain
and a 2.5 dB noise figure and the PHP has 14 dB
gain and a 2.7 dB noise figure (8].
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Fig.9 Comparison of this work
with previous work.
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CONCLUSION
Variable gain MMIC amplifiers were
demonstrated for L-band portable mobile

communication equipment.
the following features:
Very low power dissipation

. Sma]l size

Positive bias operation

. Suitable configuration for MAMAS
. Low noise characteristics

The amplifiers have
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