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@ Mixer circuit using pulse-doped GaAs MESFET.

@ A pulse-doped GaAs MESFET is employed as
an active device of a mixer circuit. A gate bias point
of the pulse-doped GaAs MESFET is set at the
vicinity of a transition point of a transconductance-

gate voltage characteristic from a portion in which
the transconductance increases with the gate voltage
to a portion in which the former does not vary with
the latter.
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BACKGROUND OF THE INVENTION

The present invention relates to a mixer circuit
used in a converter (frequency conversion circuit),
a measurement device, efc.

Recently, with the fast development of informa-
tion network systems, the demand for satellite
communication systems is rapidly increasing and
higher frequency bands are going to be employed.
Since a down-converter for converting a higher
frequency signal to a lower frequency signal is
required in the satellite communication systems,
the demand for mixer circuits used in the down-
converters is also increasing. Conventional mixer
circuits use, as an active device, a diode, bipolar
transistor, FET, etc. Generally, a usual MESFET
and a HEMT are employed as the FET for such
use.

The most serious problem to be addressed in
designing an FET mixer circuit (i.e., a mixer circuit
using the FET) is that a large-amplitude local os-
cillation signal causes a large variation of the FET
gate voltage, which in turn causes a variation of the
transconductance g, of the FET. As a result, the
gate-source capacitance Cgs and, therefore, the in-
put impedance are varied. That is, when viewed
from the RF signal input side, the FET mixer circuit
operates with its input impedance being largely
varied over time in accordance with the variation of
the local oscillation signal. This will make it difficult
fo design the mixer circuit, and one cannot expect
its stable operation.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
a mixer circuit having a small input impedance
variation.

According to the invention, a mixer circuit com-
prises a pulse-doped GaAs MESFET as its active
device, wherein a gate bias point of the pulse-
doped GaAs MESFET is set at a vicinity of a
fransition point of a transconductance-gate voltage
characteristic from a portion in which the transcon-
ductance increases with the gate voltage to a por-
tion in which the transconductance does not vary
substantially with the gate voltage.

Recently, the pulse-doped GaAs MESFET has
been proposed that has an active layer formed by
a crystal growing apparatus and exhibits superior
performance as a low-noise device. That is, the
transconductance-gate voltage characteristic of this
type of FET has a flat portion in which the fran-
sconductance does not vary with respect to the
gate voltage, which characteristic cannot be ob-
tained by usual MESFETs and HEMTs in which an
active layer is formed by ion implantation. In the
mixer circuit of the invention, since the gate bias
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point of the FET is set at the vicinity of the end of
the flat portion, a large-amplitude local oscillation
signal does not cause a large variation of the
transconductance. As a result, the variation of the
input capacitance and, therefore, the input imped-
ance is small.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a mixer circuit
according to an embodiment of the present in-
vention;

Fig. 2 is a sectional view showing a structure of
a pulse-doped GaAs MESFET; and

Fig. 3 is a graph showing a relationship between
the gate voltage v4 and the transconductance gy,
of the pulse-doped GaAs MESFET.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT

Fig. 1 is a block diagram showing a mixer
circuit according to an embodiment of the present
invention, which employs a pulse-doped GaAs
MESFET 1 as its active device. Typical dimensions
of the gate length and the gate width are 0.5 um
and 280 um, respectively.

Fig. 2 is a sectional view showing a structure of
the pulse-doped GaAs MESFET 1. An impurity-
undoped p~-GaAs buffer layer 22, a Si-pulse-dop-
ed GaAs layer 23 as an active layer and an
impurity-undoped n*-GaAs cap layer 24 are se-
quentially formed on a semi-insulating GaAs sub-
strate 21 by epitaxial growth. In the source and
drain regions, n' ion implantation regions 28, 29
are formed from the surface to the upper portion of
the buffer layer 22. A gate electrode 25, that forms
a Schottky junction with the cap layer 24, is formed
on the part of the cap layer 24 that is interposed
between the source and drain regions. A source
electrode 26 and a drain electrode 27 are respec-
tively formed on the source region and drain region
so as to form an ohmic contact with the cap layer
24. Examples of the thickness of the respective
layers are as follows: buffer layer 22, 10,000 A;
pulse-doped layer 23, 100 A; and cap layer 24, 300
A. An example of the impurity concentration of the
pulse-doped layer 23 is 4.0 x 10'® cm™3. The
epitaxial growth is performed according to the OM-
VPE (organometallic vapor phase epitaxy) method.
More specifically, the vapor phase growth is per-
formed using a Cr-doped GaAs substrate under a
pressure of 60 Torr and a temperature of 650°C
while TMG (trimethy! gallium) and AsHs, and SiHg
are introduced as source gases and a dopant gas,
respectively. The V/III ratio of the source gas in-
troduction is selected at 6 for the buffer layer 22,
40 for the pulse-doped layer 23, and 100 for the
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cap layer 24.

As shown in Fig. 1, an input circuit 2 and an
output circuit 3 are respectively connected to the
gate and the drain of the pulse-doped MESFET 1
thus formed. The input circuit 2 is designed so as
to provide a function as an isolation filter for isolat-
ing an input high frequency signal (RF signal) from
a terminal 5 and a local oscillation signal (LO
signal) from a terminal 4 so that they do not
interfere with each other. Further, the input circuit 2
is designed so as to provide the input impedance
matching and the attenuation of an image fre-
quency component. A terminal 6 is an input termi-
nal of a DC bias voltage to be applied to the gate
of the pulse-doped MESFET 1. The output circuit 3
includes a local oscillation signal short-circuiting
circuit for preventing the local oscillation signal
from leaking to an output terminal 7, and a low-
pass filter for transmitting only an intermediate
frequency signal (IF signal) as an output signal.

As in the case of the conventional FET mixer
circuits, the mixer circuit of the present embodi-
ment performs the frequency conversion by utiliz-
ing the nonlinearity of the fransconductance. There-
fore, the mixer circuit of the embodiment is re-
quired to operate at a gate bias point providing a
nonlinear relationship between the transconduct-
ance gm and the gate voltage vg4. Further, among
the gate bias points satisfying this condition, a
point at which the input impedance does not vary
largely with respect to the gate voltage variation
caused by the large-amplitude local oscillation sig-
nal is selected as the final gate bias point.

Fig. 3 shows a relationship between the gate
voltage v4 and the transconductance gn of the
pulse-doped GaAs MESFET 1. The vicinity of each
of the four points indicated by reference numerals
32-35 can be the gate bias point at which the
transconductance g, is nonlinear with respect to
the gate voltage v4. A large conversion efficiency
can be obtained in the vicinity of these points 32-
35. On the other hand, a point on a flat portion 31
can be selected as the gate bias point at which the
input impedance does not vary largely with respect
o the gate voltage variation.

The flat portion 31 of Fig. 3, in which the
transconductance gy, does not vary with respect to
the gate voltage vy, is specific to the pulse-doped
GaAs MESFET, and is not obtained by the conven-
tional devices. The invariability of the transconduc-
tance g, means that the variation of the input
capacitance, i.e., gate-source capacitance Cgys is
small. Further, the input impedance of the FET
largely depends on the gate-source capacitance
Cgs. Therefore, as long as the gate voltage vg
varies within the flat portion 31, no large variation
occurs in the input impedance. The input imped-
ance Z;, is approximated as:
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Zin = Rg + 1/juCg + Rin + Rq

where Ry is a gate resistance, R;, is a channel
resistance and Rg is a source resistance. This
equation indicates that the input impedance largely
depends on the gate-source capacitance Cgys.

From the above consideration, it is understood
that the vicinity of each of the points 33 and 34 can
be the gate bias point which satisfies the two
conditions: nonlinearity of the fransconductance g,
and stability of the input impedance with respect to
the temporal variation of the gate voltage v,4.Further
considering the factor of small power consumption,
the point 33 is finally selected as the desired gate
bias point. That is, the vicinity of the transition point
from the portion in which the transconductance gy,
increases with the gate voltage v4 to the portion in
which the former does not vary with the latter
should be the desired gate bias point.

As described above, according to the mixer
circuit of the invention, the pulse-doped GaAs
MESFET is employed as the active device, and its
gate bias point is set in the vicinity of the transition
point from the portion in which the transconduc-
tance increases with the gate voltage fo the portion
in which the former does not vary with the latter.
As a result, the mixer circuit can be realized which
has a small input impedance variation and a suffi-
cient conversion efficiency.

Claims

1. A mixer circuit comprising a pulse-doped GaAs
MESFET as its active device, wherein a gate
bias point of the pulse-doped GaAs MESFET
is set at a vicinity of a transition point of a
transconductance-gate voltage characteristic
from a portion in which the transconductance
increases with the gate voltage to a portion in
which the transconductance does not vary sub-
stantially with the gate voltage.

2. The mixer circuit of claim 1, wherein the pulse-
doped GaAs MESFET converts a higher fre-
quency signal to a lower frequency signal.

3. The mixer circuit of claim 2, further compris-

ing:

an input circuit connected to a gate of the
pulse-doped GaAs MESFET, for receiving an
input high frequency signal, a local oscillation
signal and a gate bias voltage; and

an output circuit, connected to a drain of
the pulse-doped GaAs MESFET, for outputting
an intermediate frequency signal.
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