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ABSTRACT

Recent MMIC technology advancements, both in PHEMT
devices and in new integrated power circuit techniques, allow
pace setting power amplifier performance to be achieved. This
combination has been key to realizing the full costperformance
inherent in MMIC power technology.

This paper describes two advanced MMIC power amplifiers
covering the 6-18 GHz and 8-14.5 GHz bands. Both chips are
based on a novel two section distributed amplifier structure that
employs bandpass networks instead of the conventional lowpass
image-parameter networks. A new matrix amplifier structure is
also used in the first stage of the 8-14.5 GHz PA. Bias networks
are fully integrated to allow automated assembly. Significant
milestones in wideband power and efficiency have been
achieved.

INTRODUCTION

Broadband power chips have been a subject of interest for some
time [1,2,3,4, and 5. Previous efforts have simultaneously yielded
respectable power and efficiency but too often have been
reported for only one or two stages. When comparing efficiency
results it is important to consider overall gain. Practical attention
to integration of bias circuitry and impedance transforming
circuitry is also important. Platzker, et al[6], have done well in
setting the pace to date with a four stage high performance PA
with integrated bias networks and 50 Q ports.

To provide systems acceptance, the challenge is
simultaneously provide superior gain, power, and efficiency
performance within an affordable chip area. The two chips
presented here offer significant improvements in power, gain, and
efficiency. Affordability also requires integrated bias circuitry for
low cost assemblies. Goals in the TMMS205 (wide-band PA) and
TMMg206 (medium-band PA) developments were targeted to
meeting these requirements. The results presented in this paper
are first design pass.

Itis well known that distributed amplifiers offer lower sensitivity to
process variation[2] than lossy compensated multistage

amplifiers. Other advantages include higher input and interstage
impedances, and lower 1S21! ripple. Historically, distributed
amplifier approaches have not resulted in state-of-the-art
performance.  Conventional ~ distributed  approaches  are
suboptimal power amplifiers for the following reasons:

© A uniform impedance drain network cannot provide
uniform loading to the array of active devices. Optimum
loading can only be provided to one device, at best.

® The internal drain network termination absorbs
significant power at lower frequencies.

© Losses in the gates and gate network result in
diminishing drive to successive devices.

O Drain bias choke inductors in the form of
rectangular spirals contribute additional loss, usually
resonate in-band, and are not capable of passing the
current levels required for a high power final stage.

Clearly, If pace setting power performance is to be achieved with
the benefits offered by distributed amplification these limitations
must be overcome. The resultant distributed amplifier approach,
presented here, is unconventional. The TMMS205 AND
TMMS9206 chips, shown in Figures 1 and 2, are examples of
distributed power amplifiers in which the conventional distributed
amplifier limitations have been overcome. Topologically, the
TMM9205 has two identical channels, each of which are
comprised of three stages of distributed amplification. The
TMMS206 is a single channel amplifier comprised of four stages
of distributed amplification. The driver and final stages are similar
to those of the TMMS205; however, the first two stages are
realized in a novel matrix configuration. Single gate PHEMTS
serve as the active device in each stage. Impedance matching is
provided between stages since distributed amplifier stages are
loaded for power performance.

Both linear and non-linear design simulations were performed.
The linear simulation also provided a quasi-linear analysis of the
loading at each power device. This is necessary as well as more
difficult in a distributed power amplifier, due to the phase
staggered loading.
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