DESIGN FEATURE

Reactance compensation
matches FET circuits

Transmission line sections smooth impedance paths
over medium bandwidths by equalizing reactances
at either end of a C-band GaAs MESFET amplifier.

OR octave-bandwidth GaAs
MESFET designs, computer tech-
niques give the best results. But such
programs can require considerable
time and can be quite tedious. An an-
alytic approach, rather than computer

optimization, may the efore be 5}1(5, <

most desirable method. {6, rrdm
A good place to begin the analytic -
approach is at the active loads. The
requirements for matching active
loads are stringent. For example, the
theorem for maximum power transfer
from a synthesized load and a particu-
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lar device impedance requires that re-
sistive parts be equal in value. In addi-
tion, the reactive elements must also
be equal but opposite in sign over the
entire frequency band of interest.

Because the impedances of a GaAs
MESFET generally can be simulated
by series or shunt RLC circuits, an el-
egant method of matehing is to res-
onate each equivalent circuit at the
center frequency, and then, before
matching resistive parts, to compen-
sate the reactive slope of each result-
ant circuit by the reactive slope of its
dual.? By that means, and depending
on the Q factor of the transistor equiv-
alent circuit, bandwidths of 20 percent
or greater are possible.

A GaAs MESFET amplifier for 3.7
to 4.2 GHz well illustratee the
transmission-line matehing technigue

for both shunt- and series-resonant
circuits. The amplifier is designed for
flat in-band gain and a good input and
output VSWR.

To synthesize a matching network
for GaAs MESFET input and output
impedances, a circuit must be able to
transform the real part of the device
impedance into the real part of the
load. Also, the reactive slope parame-
ter of the resonated device's imped-
ance at the center frequency, d,/d.,
must be equal to and of the opposite
sign of the reactive slope of the
transforming-circuit impedance.

A quarter-wavelength transformer
readily handles the first requirement,
but the second is a bit more difficult.
One way to do it is by means of react-
ance compensation, using circuits that
have different resonant impedances.
In a Jumped-element circuit (Fig. 1),
the input impedance of a GaAs
MESFET, represented by the RyLyCr
circuit, is resonated by an added in-
ductance, L,. The resulting resistance
i tranoformed to the impedance Z; by
a wideband transformer. The reactive

(continued on next page)
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1. Inductance L, added to a lumped-slement circult, helps cancel reactance for betler circull Impedance maiching.
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component is compensated by a reso-
nant parallel circuit.

Transmission lines can also be used
for compensating the reactance si mply
by adding a series or parallel resonator
to a quarter-wavelength transformer.
For this technique, several different
matching topologies, along with their
respective design equations, can be
used (Fig. 2). The two most important
device parameters in the equations are
Qr, the quality factor of the resonant
device impedance, and Ry, the real
part of the device’s impedance.

Depending on the values of Z; and
Zy, each circuit provides either positive
series-resonant) or negative(para]lel-
resonant xlope-reactance compen-
sation. However, because of a GaAs
MESFET’s impedances, the first two

(continued from p. 98)

topologies are more suitable for shunt-
ing RLC circuits, the d two to-
pologies, series circuits. >
The design equations were devel-
oped first by an analytical evaluation
of the complex impedance of the
matching circuit's input. Next, the Q
faetor is found by using the reactance
slope parameter at the center fre-
quency:
Q=g Zle @)
Finally, the Q of the matching net-
work is added and is treated as being
equal to but of the opposite sign from

the value of the device's impedance at
resonance. The resulting equation is

solved for Z; and/or Z,. An analytieod-

evaluation of bandwidth requires cal-
culations of second derivatives, a diffi-
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cult task best left to a computer.

To design an amplifier, the tran-
sistor’s equivalent input and output
impedance must first be found from
measured S-parameters and cireuit
theory.® Next, to determine the value
of Ry, an external element must be
added to resonate the circuit. The tran-
sistor’s input and output Qr factor is
caleulat ’next,‘" be Jorts,
of the appropriate topology for a per-
fect match.

Occasionally, the solution will not be
practical because it will not match the
capabilities of existing microstrip and
dielectric-substrate technology. To
avoid a dead-end design path, a series
of design graphs corresponding to the
four topologies can be used (Fig. 3).
The curve parameters, Z, and Zy, tra-
vel within practical limits for com-
monly used substrates.

An RC parallel circuit with an Ry of
1002 and a ngH.S)s a good example
of how the graphs are used. Topology A
yields an impedance of 70  for 7, and
80 @ for Z,. Topology. B produces an
impedance close tf)o
shunt stub and the'same value for 2,

To demonstrate the effectivencss of |
the matching technique, a one-stage
amplifier was designed using an
NEC24483 GaAs MESFET. To ensure
unconditional stability over the
8.7-t0-4.2-GHz range, a 15-Q series res-
istor was added to the gate circuit. The
bilateral source and load impedances
were calculated for a conjugate

tched amplifier using conventional
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fmatching circuil. Four differing p

tion 10 a fon-fine i

topologies are shiown

and series
along with their design equations. Topologies A and B suit shunted ALC circuits,

and C and D series types,
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circuit theory.

The equivalent input and output
impedances dictate a series RC circuit,
so high-impedance line sections are
used to resonate both circuits at the
center frequency, 3.95 GHz. Although
the design procedure does not require
use of computer analysis and opti-
mization, such theoretical information
can be helpful. For example, an anal-
ysis shows that topologies C and
which are quite adequate for the
function when compared to the more
classical quarter-wavelength trans-
former, provide a gain ripple im-
provement of more than 0.6 dB and a
reduction in the maximum VSWR
from 2.3 to 1.5 through a 500-MHz
bandwidth,

Thedesign graphs show that neither
topology C nor topology D can be con-
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3. Design graphs help determine the suitability of a subsirate type for a particuiar topology. The matching impedance
values, Z, and Z, are appropriate for microstrip lines on popular dielectric substrates.

O = 28

Re = 13821 -
B

Oungen circuit
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4. A suitable ii d: teh for an NEC24483 GaAs MESFET using I 5. A mask shows the suila
D requires the componenr values shown. The quality factor of the device's VLG

impedance, Qy, as well as the real part of the impedance, Ry, must be determined

before use of the design equations.

strueted on a soft substrate because of
the required circuit dimensions. How-
ever, by varying the value of parame-
ter T, the electrical lengths of the stubs
used for topology D can be modified to
create the correct impedance for Z,.
Parameters Ry and Qr for the project,
along with the final parts values for
topology D input and output matching
circuits, are shown in Fig. 4. The mask
used for fabrication of the circuiton a
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soft substrate is shown in Fig. 5.

Measured circuit characteristics
closely match those predicted by com-
puter simulations. For example, in-
band gain is 11.0+0.1 dB and return
losses are about 20 dB. ee
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2. A resonator adds reactance compensation 1o a transmission-line impedance-
matching circuil. Four drffenng parallel- and series-resonant fopofogies are shown
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