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A Ka Band Extended Resonance Power Amplifier

Adam L. Martin and Amir MortazawiMember, IEEE

Abstract—A Ka-band power amplifier based on an extended Gy + jBa 2G4 + jBy2 3.Gd + jBas 4G,
resonance power combining technique is presented. This technique
enables the design of planar microstrip power amplifiers that are q
much more compact than those based on traditional quarter-wave dxlﬂ Cdsz'L—I Cdx3 I Cdx4
hybrid designs. The extended resonance power combining ampli-

fier presented here combines four GaAs MESFET'’s at 32.8 GHz Out
using a planar structure that is more than 40% smaller than a l,

quarter-wave hybrid power combining amplifier design, while the
power-combining efficiency is 92%. The measured small-signal
gain at 32.8 GHz is 4.6 dB, and at 1-dB compression the output In

power is 23.3 dBm with a power-added efficiency of 12.8%. |~?j|_=l Ceua |"I— Ceas rI Cex2 l-'3 Cenl

Index Terms—Extended resonance, Ka band, power combining.

. INTRODUCTION 4G, 3G +By 2G,+Bp  G,+jBy
HE millimeter-wave frequency range is now host to &ig. 1. Generic power combining amplifier based on the extended resonance
T number of consumer wireless communication network&§chniaue.
such as LMDS, VSAT, and digital radio. Affordable implemen-
tation of these systems requires a cost-effective MMIC solutio
to generating sufficient transmit power at these frequencies
Since power-combining of multiple transistors is usually nec-!
essary, one must carefully consider the optimal circuit desigr
in terms of maintaining a high power-combining efficiency,
keeping the overall size to a minimum, and providing isolated'--""k\‘ls
paths for the dc and RF to eliminate bias tees. Planar powe .
combining technigues usually employ quarter-wave hybrids .
to combine power from several individual amplifiers (e.g.,
corporate combiners, series combiners, etc.). The availabl
output power is often dictated by the loss associated with thes}.
hybrids, and this is particularly true for millimeter-wave appli- %
cations [1]-[4]. Obviously, circuit losses can be diminished if &
the overall circuit S.Ize |s.r<.aduced. - -ig. 2. Photograph of a four-device extended resonance power amplifier at 33
Presented here is a millimeter-wave power combining ampéiy;
fier based on an alternative planar circuit design that requires
neither quarter-wave hybrids, nor separated6Matching net- I
works for each transistor and results in a much smaller struc-
ture. An extended resonance technique is used to space trarFhe power combiner in Fig. 1 is a generic example of com-
sistors the proper distance from each other to form a resonhifting four FET’s with extended resonance dividing/combining
power dividing/combining structure with which quarter-wavenetworks. Each network incorporates either the gate or drain ad-
length spacing between transistors can be avoided. Instead,rtigance of each FET into a series of filter-like sections that are
spacing is such that the input/output admittance of one transistach designed so that the resulting voltage magnitude at the edge
is converted to its conjugate value at the input/output of the nesfteach transmission line section is equal [5]. The equivalent
transistor, similar in concept to coupled cavity waveguide fiinput circuit for each FET is a shunt conductan6g, and ca-
ters. pacitance(’;, while the FET equivalent output circuit is a shunt
Gy, andC,. External shunt capacitors/inductors are included
_ . _ ~in both circuits to match the phase delay along each section in
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FET, 2Gg + ](ng — 1Bg1) [Whereng = 27Tf(Cg + ngg)],

to its conjugate2G, — j(By2 — jBg1), at the gate of the third
FET, and so on. Ultimately, the input admittance to the powe
dividing section i3G, + j(Bys — jB,2 + B,1) [whereB,,; =

27 f(Cy + Cyei) for < = 1 to 3], which can be matched to 5D
with a single-stub matching network. The output circuit desigi

100
proceeds in a similar way, however, in the reverse direction, b
ginning at the drain of the fourth FET and progressing in thi
direction of the drain of the first FET.
[ll. DESIGN
A four-device power-combining amplifier at 32.8 GHz has 100

been designed and constructed based on the extended reson: time, psec

approach discussed above, a photograph of the amplifier is

shown in Fig. 2. All external shunt capacitors are realized wiffig-3- Simulated gate_\_/oltage and drain current for each device in the extended
. . . . . . esonance power amplifier.

open-circuited microstrip stubs. The active devices are AIpIHa

0.25um GaAs MESFET chips AF035p1-00 each biased at5 ™

with a drain current of 70 mA. The devices are mounted to tt

ground plane with conductive silver epoxy and the gates a " ,/'

drains are wire bonded to the microstrip lines. The microstr ‘

circuit is constructed on a 0.127 mm thick Rogers TMM: 31

substrated,. = 3).

The simulated gate voltage and drain current waveforms 1
each device in the extended resonance amplifier are showr
Fig. 3. As can be seen the gate voltages and the drain currents
equal to each other confirming the power dividing/combinin
characteristics of this circuit. 27

The measured small-signal gain for the four-device amplific -3
as well as for a single-device amplifier is illustrated in Fig. 4
At 32.8 GHz, the gain of the extended resonance amplifier aiiu
single-device amplifier are 4.6 dB and 5.0 dB, respectively (th€ 4. measured small-signal gain for single-device and four-device extended
single device amplifier was designed using single stub matchirgonance power amplifier.
at the input and output). This agrees well with the predicted gain
of 6.0 dB at 33 GHz for each amplifier based on HP ADS™ sim- 30
ulations. The accuracy between predicted and measured result
would be improved by developing better models for the wire
bonds connecting the chips to microstrip lines. The 1-dB and 3
dB bandwidth of the extended resonance amplifier are approxi-
mately 0.8 GHz and 1.2 GHz respectively, neither of which are
significantly compromised compared to the single-device am-
plifier, which exhibits a similar bandwidth. 5

The large-signal performance of both the four-device ex- Py (1-device amplifier)
tended resonance amplifier and the single-device amplifier have 0 -
been observed by increasing the input power until ultimately 0 5 10 15 0 %5 30
both were driven into 3-dB compression (Fig. 5). The 1-dB Input Power (dBm)
compression point for the single-device amplifier corresponds
to an input power of 17.6 dBm, while the same compressidig- 5. Gain compression curves for the single-device and the four-device
point for the extended resonance power amplifier corresporffd/e" amplifiers.
to an input power of 23.3 dBm. A comparison of the saturated
output from both amplifiers indicates a power-combining
efficiency of approximately 93%. It should be mentioned A Ka-band power amplifier prototype has been presented
that both amplifiers designed were based on the simultanedased on a new power-combining technique that has demon-
conjugate match. strated excellent power-combining efficiency while yielding a

The power-added efficiency of the extended resonance powery compact structure. This type of structure is also capable
amplifier under 1-dB compression is 12.8%, while it increases meeting the bandwidth requirements of many mm-wave
to 15.1% under 3-dB compression. consumer-based communications systems. An MMIC version
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