COPLANAR BIAS
STABILIZES GAIN
IN FINLINE AMPS

DC inputs provide low-VSWR impedance to prevent
oscillations at frequencies below cutoff.
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INLINES enable micro-
wave amplifiers to operate efficiently
at frequencies at which other trans-
mission lines become lossy or diffi-
cult to fabricate. At frequencies be-
low cutoff, however, finlines hecome
reactive and tend to cause unwanted
oscillations. Fortunately, low-fre-
quency transmission lines can be
used in the bias networks to provide
stability without compromising per-

formance.

Unconditionally stable amplifica-
tion is difficult to achieve in finline
environments. Impedance matching
and the suppression of undesirable
feedback are more difficult in finline
than in other transmission strue-
tures such as microstrip. Additional-
ly, at frequencies below cutoff, fin-
line becomes reactive with high
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1. A 17-GHz finline amplifier uses parallel finlines separated by a thin metallic wall or septum. Microstrip
lines provide DC bias and stable impedances below the finline cutoff frequency. (Photo courtesy of the

Dept. of Communications, Canada.)

VSWR, increasing the potential for
oscillations at lower frequencies.
To overcome these difficulties,
some designs place the FET in a mi-
crostrip mount with antipodal fin-
line transitions to the input and out-
put waveguide ports. To stabilize
the device at frequencies below cut-
off, dissipative slots are added to
each transition. Although good RF-
to-DC isolation can be achieved with
this technique, the absorbing mate-
rial and long, lossy transitions de-
grade the amplifier's performance,
particularly when it is integrated
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into a finline subassembly.

By modifying a configuration pro-
posed by Jacob and Ansorge,' an un-
conditionally stable finline amplifier
can be realized (Fig. 1). Rather than
placing input and output finlines at
right angles, the modified amplifier
uses parallel finlines. Shielded from
each other by a thin metallic wall or
septum, both of the unilateral, sin-
gle-fin lines exhibit half the imped-
ance of symmetrical finlines. The
transistor is mounted in a narrow
opening of the septum (Fig. 2), and

fcontinued on p. 74)
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(continued from p. 73)
is coupled magnetically to the input
and output lines with bond wires
(Fig. 3).

In the prototype amplifier, both
ports originate with WR-42 wave-
guide and are tapered to single-fin,
unilateral lines with a gap width of
0.18 mm (Fig. 4). The single-fin lines
have a power-voltage impedance of
83 () and an effective dielectric con-
stant of 1.11 at 16.8 GHz. Bond
wires attached to the gate and drain
pads of the transistor are bonded to
the metallization across the input
and output slots. The source pads of
the FET chip are grounded to the
central metallization. For maximum
magnetic coupling, the finlines are
short-circuited about one-quarter
wavelength beyond the bond wires.
Input and output ports are matched
to the FET by using silver paint to
adjust the length of a tuning slot
connected in series with each line.

PRINTED CIRCUITRY

The ecircuit is printed on 0.010-in.-
thick RT/Duroid (Rogers Corp.,
Rogers, CT), which has a dielectric
constant of 2.22, Metallization is uni-
lateral except for the serrated
clamping regions, the microstrip
sections, and the central strip. A se-
ries of plated-through holes extend
the septum through the dielectric.
The holes have 0.35-mm diameter,
and their centers are 1 mm apart.

sections to form single-fin lines.

Because the spacing between holes
is much smaller than a wavelength,
the central strip forms an effective
electric wall between waveguides
(wavelength in the substrate is ap-
proximately 12 mm at the design
frequency). Parasitic RF coupling
between input and output ports is
less than —30 dB from 15 to 20 GHz
(Fig. 5).

The transistor chip, an NEC
NEG67300 (California Eastern Labo-
ratories, Santa Clara, CA), was se-
lected for its low noise performance
at the frequency of interest. A stan-
dard transistor model was used in
the design and analysis of the ampli-
fier. The characteristics of the mod-
el were based on S-parameters pro-
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Input and output waveguides are split into two sections. The printed circuit is mounted between

vided by the manufacturer for fre-
quencies between 2 and 18 GHz and
50-0) characteristic impedance. The
inductance of each pair of bond
wires that couple the transistor ter-
minals to the slots was estimated to
be 0.5 nH.

Maximum available gain of the
NE67300 is about 10 dB at 17 GHz.
However, corresponding input and
output impedances are very close to
unstable regions on a Smith chart.
To improve stability, the amplifier
was designed for only 9-dB gain.
The selected source and load imped-
ances are 10 + j16 and 31 + j46 Q,
respectively. These impedances are
situated well within stable regions
on a Smith chart.

Input- and output-matching net-
works contain adjustable elements
in the form of short-circuited stubs
connected at appropriate distances
from the FET.> Again, fine tuning
was achieved by adjusting the
length of the stubs with silver paint.

STABILIZING BIAS

Special gate and drain bias cir-
cuits were developed to overcome
the problem of amplifier instability
at frequencies below the finline cut-
off frequency (6 GHz) without de-
grading amplifier performance. To
achieve this goal, bias circuits must
be electrically invisible to the tran-

(continued on p. 76)
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AMPLIFIER WORKS INTO
ANY LOAD IMPEDANCE.

The 525LA is an extraor-
dinarily versatile source of
power that will find wide ap-
plication in virtually all RF
labs. Covering the frequency
range of 1 to 500 MHz, with
a flat 50 dB of gain, the
525LA is driven to its full
Class A linear output by any
signal or sweep generator.

Like all ENI amplifiers, the
525LA features unconditional
stability, absolute protection
from overloads, and it will
work into any load im-
pedance. So if you need a
rugged source of RF power
for RFI/EMI, RF transmission,
component testing, NMR or
transmitter design, the 525LA
amplifier could just be the
most useful tool in your
laboratory.

For more information, or a
full-line catalog, contact ENI,
100 Highpower Road,
Rochester, New York 14623
Call 716/427-8300 or telex
671 1542 ENIUW

POWER SYSTEMS

The advanced design line of
RF power amplifiers.
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4. Half-wavelength coplanar lines extend from the waveguide wall to the FET. Finlines are terminated one-
quarter wavelength from the FET with tuning stubs connected in series. (Photo courtesy of the Dept. of
Communications, Canada.)

COPLANAR BIAS

(continued from p. 74)
sistor at RF while presenting stable
loads at lower frequencies where
the finlines become reactive and pro-
duce high VSWR.

The bias circuits use coplanar
waveguide formed by two narrow
parallel slots in the fins. At the am-
plifier's center frequency (16.8
GHz), the coplanar sections mea-
sure one-half wavelength between
the bond wires and the waveguide's
outer wall. The half-wavelength
lines transform the RF short circuit
at the waveguide wall into an RF

short circuit at the finline edge. The
length of the coplanar sections (7.11
mm) could only be accommodated in
WR-42 waveguide by running the
sections at an angle of about 45 deg.
At the outer broad wall, the copla-
nar section is transformed into a mi-
crostrip line that is terminated with
a 50-Q load through a bias tee. A
microstrip low-pass filter reduces
RF leakage into the bias circuit.
Leakage at the amplifier's operat-
ing frequency is approximately 27
dB (Fig. 6). Because the bias circuit
is composed of microstrip and copla-
nar waveguide, stable 50-) imped-
(continued on p. 78)
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(continued from p. 76)
ances are easily presented to the
FET from DC to the cutoff frequen-
cy of the microstrip filter. Beyond
the filter’s cutoff frequency, stable
impedances are presented by the
finlines.

To guarantee unconditional sta-
bility, it is important to consider all
potentially unstable operating con-
ditions. For the NE67300 FET, the
most unstable frequencies are be-
tween 4 and 5 GHz (Fig. 7). To pre-
vent the transistor from oscillating,
the bias circuit was designed for
minimum VSWR in this frequency

The performance of the bias cir-
cuits was verified by replacing the
transistor with a 50-0) chip resistor
and measuring the reflection coeffi-
cient at the bias input ports. Return
loss was better than the minimum
required for all frequencies. From
3.5 to 5.6 GHz, S,, was less than -18
dB (Fig. 8).

Tuning was performed while mea-
suring the amplifier response in a
network analyzer. The tuning stubs
were accessible through an opening
in the sidewall of the housing that is
situated above the transistor. Once
the amplifier was tuned, the open-
ing was closed with a brass cover.
Since most of the electromagnetic

range. energy is concentrated in and
10GHz \ 8 GHz soH: | 4GH: =
7. Input and output
2GHz | stability circles indicate

that the transistor is
most likely to oscillate at
frequencies between 4
and 5 GHz The bias
circuit was designed fo
present minimum VSWR
to the transistor at these
frequencies.
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around the finline slot, the sidewall
opening has no significant effect on
the circuit’s response.

AMPLIFIER PERFORMANCE

Before tuning, the ecircuit had
only about 4-dB gain at the design
frequency. This was probably due to
the fact that the influence of the
plated-through holes on finline im-
pedance had been ignored. After
tuning, the amplifier was uncondi-
tionally stable at all frequencies,
and gain was better than 6 dB over a
1-GHz bandwidth centered at 16.8
GHz (Fig. 9). Noise figure was 3.5
dB at that frequency.

Failure to achieve 9-dB gain is
probably due to several factors that
were not considered during the de-
sign. Losses in the input and output
networks, tolerances in device pa-

o I Y
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9. The finline amplifier achieves 7-dB gain with
3.5-dB noise figure and demonstrates an effective
method of directly embedding active devices in a
finline environment.

|

rameters, and differences in the cir-
cuit environment could reduce the
amplifier’s gain. Additionally, the
50-) S-parameters that were used in
the design were not measured using
a finline mount. The electromagnet-
ic fields in finline would probably
have produced slightly different val-
ues.

However, the techniques of mag-
netically coupling the transistor to
the finlines and biasing the device
through coplanar waveguide were
successful. The amplifier’s perfor-
mance encourages the design of oth-
er finline components, such as oseil-
lators, mixers, and frequency multi-
pliers, using these techniques.

Although microwave oscillators
can be realized by mounting FETs in
finline, spurious oscillations are of-
ten a problem. The use of coplanar
bias in finline oscillators should en-
able greater control over oscillation
conditions. ee
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