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ABSTRACT

A novel single-stage monolithic GaAs
traveling-wave power amplifier with 250-mW
power output in the 2-20 GHz frequency
range is described. Design considerations
for power amplification are discussed,

INTRODUCTION

Traveling-wave amplification by adding
the transconductance of several FETs with-
out paralleling their input or output capac-
itances looks very promising for achieving
wideband microwave amplification. Already
2-20 GHz decade band amplification with
30-dB gain has been reported with GaAs FETs
in monolithic form [1]. The relative in-
sensitivity of the amplifier performance
with respect to transistor and circuit pa-
rameter variations, good input and output
match, and stable operation of these de-
vices makes them very attractive for future
commercial and military applications. Be-
cause of these potential applications, the
power performance of the device is also of
great interest:; however, to our knowledge
this problem has not yet been addressed in
the literature,

This work discusses the power-limiting
mechanisms in a GaAs FET traveling-wave
amplifier and describes a new circuit ap-
proach which decreases the effect of some
of these limiting mechanisms. In particu-
lar, design and performance of a 2-20 GHz
power amplifier are presented.

Traveling-Wave Power Amplification
Considerations

Schematic representation of a four-
cell FET traveling-wave amplifier is shown
in Fig. 1. The design considerations and
microwave performance of such an amplifier
with GaAs MESFETs as active devices have
been described in our earlier paper [2],
where it was shown that when drain losses
are small compared with gate—-line losses,
the small-signal gain expression for the
amplifier can be written approximately as
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where
gm = transconductance per FET
n = number of FETs
Zg = input and out line characteristic
impedance
ag = efféctive gate line attenuation per
unit length
tg = length of gate transmission line per

unit cell.

For power amplification, there are
additional constraints. In fact, one can
identify four separate power-limiting mech-
anisms in wmicrowave traveling-wave power
amplifiers.
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Figure 1. Schematic representation of a
four-~cell FET traveling-wave

preamplifier.,
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The first power-limiting mechanism is
the finite rf voltage swing that can be
allowed on the input gate line. This swing
is limited on the positive rf cycle by the
forward conduction of the gate and on the
negative cycle by the pinch-off voltage of
the device. Hence, for a 50-Q 1input imped-
ance amplifier with -4 V pinch-off voltage
FETs and, assuming the devices are biased
at a drain current Iggg/2, the maxlmum
input rf power to the amplifier is limited

by
_(4+0.5%2

5 % =0 0.051 w

P,
in,max

Thus, maximum output power from the ampli-
fier cannot.be larger than Gain x Pjin max
under any circumstances.

The second power-limiting mechanism is
the maximum total gate periphery that can
be included 1in a single-stage design. Re-
ferring to eqg. (1), we note that the total
attenuation on the gate line has to be kept
below a certain value to maximize gain-per-
stage per total FET periphery. In fact,
from the simplified gain expression of eq.
(1), one can show that 3G/3n 0 at
aglgn 1. other factors which also
reduce gain but are not included 1in eq.
frequently force the term agign to be
chosen less than 1. Hence ghe following
equality has to be satisfied for a yiven
design if one intends to employ the FETs
a single-stage design most efficiently:

(1)
in-

in

agzgn <1

Relating the effective gate line attenua-
tion constant ag to the FET input
parameters ry and Cgs' we find

2
gs

Z

o < 2 .

where

rq = gate resistance

C gate-source capacitance

gs

In ey. (3), ry varies inversely and
Cys varies directly with periphery for
given FET 5=« Hence, in terms
periphery w , eqg. (3) pscomes

=4
IS

0L the
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Thus, for a specified maximum frequency of
operation and for a given FET, there is an
upper limit to the maximum total periphery,
nw, that can be employed in a single~-stage
design, This maximum periphery determines
the gain and consequently the output power
of a single-stage traveling-wave amplifier.

The third power-limiting mechanism is
the gate-drain breakdown voltage of the

FETs. The drain terminals must be able to
sustain the amplified rf voltage swings on
the output transmission line. This voltage

is given by

Vimax r Peak-to-peak

< VbreakdowntVpinch-off~Vknee (5)

Gate-drain breakdown voltage is de-
pendent on channel doping. Channel doping
is increased as FET gain and maximum oper-
ating frequency are increased. As a conse-
guence, K-band FETs have substantially
lower breakdown voltages than X-band de-
vices., Thus, for Vpreakdown 15 v,
Vpinch-off * ~4 V, and Vynee =~ 1V, Vpax:
peak~to-peak is around 10 V. For 50-2
output 1mpedance, this translates to 250
of output power. Note that reduction of
output impedance is not a clear-cut solu-
tion to increase the output power because
of the corresponding gain reduction
associated with it.

mWw

The Ffourth power-limiting mechanism is
related to the optimum ac load line require-
ments., Because the ac load line is prede-
termined by the output impedance of the
amplifier, the only flexibility left in the
design is the periphery of the unit FET.
However, the total periphery is also prede~
termined from gate-loading considerations.
We have established that the total periphery
allowed is around 600 um for the 2-20 GHz
amplifier. Hence, for the four-cell design,
each FET has a 150-pm periphery. A typical
optimum load line for such a device is
280 @, representing a significant mismatch
to a 50-9 output impedance.

2-20 GHz Traveling-wave Power Amplifier
Design

Some of the problems outlined above
have been addressed in the development of
2-20 GHz power amplifiers. Consider the
power amplifier circuit design shown in
Fig. 2. In this circuit the adverse
effects of three of the mechanisms identi-
fied as limiting the maximum output power
are reduced.



First, the input power is equally
divided into the gate lines, each employ-
ing 4 x 150-um FETs, using a Wilkinson
power divider without the isolation re-
sistor; we are able to obtain decade band-
width performance from a single-section
Wilkinson divider because of the good input
match characteristics of the amplifiers.
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Figure 2. Power amplifier with eight 150-um
unit cells,

Second, the FETs excited from two sep-
arate gate lines are combined on a single
drain line, effectively giving 4 x 300-um
drain periphery. Thus the total gate pe-
riphery is doubled without affecting the
loading on the gate lines. In this way,
the gate loading is limited to a 600-um
gate periphery, whereas the output power
will be determined by a 1200-um drain
periphery.

Third, the required load line imped-
ance is halved, since we have twice the
drain periphery on the output line. Thisg
brings its value closer to the optimum load
line impedance.
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This amplifier configuration does
nothing for the drain line voltage break-
down problem. However, in this particular
design the improvements outlined above are
able to bring the output power only to the
point where drain line breakdown will start
to be a limiting factor. Hence the circuit
is optimized with respect to all the con-
straints described above. 1In the design,
-4 V pinch-off voltages are assumed for the
FETs. This allows 50 mW input power per
gate line and twice that for the amplifier.
With 5-dB small-signal gains, approximately
300 mW can be expected at the output. Drain
line breakdown effects should start showing
up at around 250-mW output power levels,
with gate-drain breakdown voltages in the
15-V range.

The predicted performance of the am-
plifier is shown in Fig. 3. Gain is 5 %
0.5 dB. Input and output return loss is
in the neighborhood of 10 dB at all fre-
quencies except at 2 GHz, where the input
return loss is only 7 dB. The increased
input mismatch at the low end is due to
the fact that the input impedance trans-
former is becoming less and less effective
as its electrical length gets smaller and
smaller at the low end of the band.
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Figure 3. The predicted performance of the
traveling-wave power amplifier
in the 2-20 GHz frequency range.

A dc blocking capacitor is included in
the design of the output drain line. This
amplifier is intended as one of the stages
in a chain of cascaded amplifiers. Hence,
dc blocking on one side of the amplifier is
sufficient.



EXPERIMENTAL PERFORMANCE

A photograph of the finished single-
stage power amplifier chip is shown in
Fig. 4. The chip size is 2.31 x 3.64 mm
(91 x 143 mils) on 0.1 mm (4 mil) GaAs
substrate.

CE65883

Figure 4. Single-stage 2-20 GHz power
amplifier chip.

Thin-film capacitors on the chip add
up to a total of 34 pF. The dielectric
material is plasma-enhanced CVD silicon
nitride. The thin-film resistor material
is titanium; it is evaporated by electron
beam and patterned by photoresist liftoff.

The total gate periphery on the chip
is 1200 um. The amplifier design was
completed using 0.8-um gate length, -4 V
pinch-off voltage FET models. However,
the actual gates on the wafer turned out
to be 1 um long.

The measured small-signal performance
of the amplifier is shown in Fig. 5. 1Its
gain is 4 £ 1 dB in the 2-21 GHz frequency
band, which is about 1 dB lower than pre-
dicted. The input and output return loss
curves areé about 2 dB higher than
predicted,
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Despite the lower gain, this amplifier
achieved 250 mW power outputs in the 2-18
GHz band. The output power is 160 mW at
20 GHz. Power performance of the amplifier
is shown in Fig. 6.
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Figure 6. Performance of the power amplifier
in the 2-20 GHz range.

pPower added efficiency of the amplifier
varies from 7% to 14% in the 2-18 GHz band.

CONCLUSION

A GaAs traveling-wave microwave ampli-
fier is examined in terms of its large-
signal power amplification capabilities;
several mechanisms which may limit the out-
put power are identified. A new circuit
configuration which doubles the output power
of the amplifier is described in relation
to a 2-20 GHz power amplifier design. The
experimental performance of the amplifier
with 4-dB gain and 250-mW power output is
presented.
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