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Uniplanar Broad-Band Push—Pull FET Amplifiers
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Abstract—We report the development of completely uniplanar broad-
band balanced push—pull FET amplifiers using slot line and copla-
nar waveguide. The amplifiers employ broad-band uniplanar baluns to
achieve the push—pull function over a wide bandwidth. One ampilifier,
designed in the unconditionally stable region, exhibits a gain of 3.5-5 dB
over the frequency range of 5.4-10 GHz and an output 1-dB compression
point of 19 dBm at 10 GHz. The other amplifier was designed in the
potentially unstable range and achieves a high gain between 10-11 dB
from 2 to 4 GHz and an output 1-dB compression point of 17 dBm at
4 GHz. These results show the feasibility of the push—pull FET amplifier
configuration using uniplanar technology for microwave and millimeter-
wave integrated circuits and systems.

Fig. 1. Push—pull amplifier.

Index Terms—Amplifiers, MIC’s, MMIC’s, push—pull amplifiers, uni-
planar circuits.

. INTRODUCTION

The microwave push—pull FET amplifier is attractive for many p,,..
system applications because of its advantages, such as less distorti6F>t
and more output power. Implementation of the push—pull configu-
ration using uniplanar technology is very desirable for microwave
and millimeter-wave integrated circuits (MIC’s) and monolithic mi-
crowave integrated circuits (MMIC's), as it can create a high-
performance low-cost compact amplifier.

In this paper, we report for the first time the development of
two new uniplanar balanced push—pull amplifiers employing GaAs
MESFET’s, coplanar waveguide (CPW), and slot line. Wide-band
uniplanar baluns were used to achieve the push—pull characteristics
over broad-bandwidths. The first amplifier was designed in the
unconditionally stable frequency range with a measured gain betwe®g 2. Circuit layout of the uniplanar push—pull FET amplifier.
3.5-5 dB over 5.4-10 GHz. The measured output 1-dB compression
point is 19 dBm at 10 GHz. The other amplifier was designed in
the potentially unstable frequency range and achieved a high ggif)power-series expansionsidf andV;,, which then yield
between 10-11 dB from 2 to 4 GHz. Its measured output 1-dB
compression point is 17 dBm at 4 GHz. Vor = Ao + Ay cos wt + Az cos 2wt + Az cos Jwi+, - -+,

Voo = A, — A1 cos wt + As cos 2wt — Ay cos wit+,---,
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II. PUSH-PULL AMPLIFIER THEORY where theA’s are constants. The total output voltabje is propor-

Fig. 1 shows a push—pull configuration consisting of a pair afonal to the difference between the two voltagés and V. and,
FET's and two baluns. The input signal, fed to the balun, is split inttherefore, contain only odd-order terms. This proves that a push—pull
two signals with equal amplitude and I86ut of phase to the gatescircuit will balance out all even harmonics in the output and will
of the FET’s. The output signals from the drains of the FET’s, whicleave the third-harmonic term as the principal source of distortion,
are equal in magnitude but differ in phase by 18@re combined thus possessing inherent spurious-signal rejection of even orders and

via the output balun. less distortion. Furthermore, because no even harmonics appear in the
The input voltages applied to the gates (as seen in Fig. 1) candagtput of a push—pull amplifier, such a circuit will give more output
described in the form&;; = V,,, cos wt andV;z = —V,,, cos wt. power per transistor for a given amount of distortion. In addition,

The output voltagesl,; andV,., of these FET’s can be expressedhe fact that the output voltage contains no even-harmonic terms
means that the push—pull amplifier possesses “half-wave” or “mirror”
Manuscript received March 12, 1996; revised August 22, 1997. This woBymmetry, which implies that the bottom half of the amplifier, when
was supported by TRW, Inc. _ ~shifted 180 along the axis, will be the mirror image of the top half.
Tez;SCA';f\;l‘ S?\(ijvgr's’i\igué%rlll :é‘é‘g'tt;‘titgﬁ ':_)&pa;r;g"f;gfzg'%cgfa' Engineeringhis results in a virtual ground along the axis, which can act as the RF
M. Kintis is with T7RW Electronics ‘Systems & Technolo.gy Division,ground and, hence, eliminates the neeq ‘?f “S'”Q external .elemen.ts to
Redondo Beach, CA 90278 USA. connect the FET's to the ground. This is desirable for increasing
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Fig. 3. Equivalent circuit of the uniplanar push—pull FET amplifier.
to the ground is encountered. It should be noted that these ideal 20
results are obtained assuming two identical transistors. Otherwise, the _
appearance of even harmonics must be expected and a degradation N
in the circuit performance will occur. 1 21
5 == \
m ...
lll. AMPLIFIER DESIGN T 0 7]

Fig. 2 shows the layout of the new uniplanar push—pull balanced ) S N N S S i 98 ./."
amplifiers. It consists of a pair of FET's, two uniplanar broad- A Ty A
band baluns, input and output matching networks, and gate and el S
drain biasing circuits. Each balun [1] consists of one CPW-slotline -15 S 7
tee junction and two CPW:-slotline transitions. In these baluns, the P S B Nl )
characteristic impedances of the input and output CPW’s are 50 and 4 5 6 7 8 9 i0 11 12
100172, respectively, and the slot lines have a characteristic impedance FREQUENCY (GHz)

of 10002. Less than 0.6 dB and 3.5n amplitude and phase balances
respectively, over an octave bandwidth were demonstrated for t
kind of balun [1]. As such, we expected that these baluns provide

a reasonably good balance between the two sides of each of thgVe first used the commercially available LIBRA computer pro-
push—pull amplifiers; hence, less distortion and more output powgiant to design a CPW single-FET amplifier for maximum gain
can be achieved for the push—pull amplifiers as compared to theirer the design bandwidth. This amplifier has matching circuits
single-ended counterparts [2]. Each matching circuit consists ofs@nilar to the push—pull amplifier. We then combined two individual
CPW open-circuited stub, a cascaded CPW, and a short-circuitedplifiers through the two baluns. It should be noted here that only
CPW. The short-circuited CPW is a part of the bias network, and tlirear analysis was performed for the amplifiers. Fig. 3 shows the
short is electrically achieved at the apex of the CPW open-circuiteduivalent circuit of the complete amplifiers used in the design
radial stub. The gate and drain biasing circuits each consists of higiecess. As LIBRA does not have models for the CPW-slotline tee
impedance CPW'’s and a CPW open-circuited radial stub. The radiahction and CPW-slotline transitions used in the baluns, we assumed
stub provides a short at its apex over the design frequency rangigse transitions behave as ideal in the simulation. The FET’s used
therefore eliminating the impedance loading effect of the biasing feage NEC's GaAs MESFET’s (NE76184AS and NE76084AS). To
line. The FET’s are mounted in a CPW arrangement, in which thelesign the amplifiers, standard small-signal equivalent-circuit models
sources are connected to the ground and their gate and drain gfrthe FET’s were obtained by using LIBRA to curve-fit the models’
connected to the input and output matching networks, respectivefitparameters to values provided in the NEC data manual.

The dc blocking capacitors are located between the {10DPW'’s In the first amplifier, we used NE76184AS transistors and designed
and the matching circuits, blocking the bias currents from leakagee amplifier in the unconditionally stable region from 6 to 12 GHz.
to the input and output instruments while providing a path to thithe other amplifier has the same circuit topology of the previous
high-frequency signal. The input signal is fed to the(3@PW and one, but with different dimensions. We also used different devices
separated by the input balun. These signals arrive out of phasgNE76084AS), and the amplifier was designed in the potentially
the gates of the FET'’s via the dc blocking capacitors and matchiogstable frequency region (2—-4 GHz) where a high gain is possible.
circuits. The output signals are extracted from the drains of the FET's,

the output matching circuits, dc blocking capacitors, output balun,

and 50§2 CPW. 1LIBRA, EEsof, Westlake Village, CA 91362 USA.

ﬁig 4. Calculated gain and return losses of the 5.4—10-GHz amplifier.
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can then be used to achieve a much better agreement between the
amplifiers’ experimental and simulated results. However, these are
beyond the scope of this paper, as our purpose is to demonstrate

the feasibility of the proposed amplifier configuration. The measured
output 1-dB compression points of the 2-4 GHz and 5.4-10-GHz
amplifiers are 17 dBm at 4 GHz and 19 dBm at 10 GHz, respectively.

V. CONCLUSIONS

New broad-band push—pull FET amplifiers have been developed.

These amplifiers employ CPW and slot line and are completely

uniplanar. One amplifier exhibits a gain of 3.5-5 dB over 5.4-10 GHz

e T e 7 8 9 10 11 12 and an output 1-dB compression point of 19 dBm at 10 GHz. The

FREQUENCY (GHz) other amplifier has a measurec_i gain _from 10 to 11 dB over 2—4 GHz

and an output 1-dB compression point of 17 dBm at 4 GHz. These

Fig. 5. Measured gain and return losses of the 5.4-10-GHz amplifier. amplifiers demonstrate a successful implementation of the push—pull
amplifier configuration using uniplanar technology for MIC's and

20 MMIC's.
1:
21 ACKNOWLEDGMENT
1 ~
5 l \ A The authors wish to thank L. Fan and M. Li for their technical
@ ﬂ\ \// \__ support. They also are grateful to the anonymous reviewers for their
B ORI si1 ‘\ valuable comments and suggestions.
AV ER . . Lo
S5V \._ [ PP B I ’ y ‘_a\:.... o
4 W I N Bl et s \ REFERENCES
-1 4 H ,-' ul \ [1] C. H. Ho, L. Fan, and K. Chang, “New uniplanar coplanar waveguide
i 622 HH \ hybrid-ring couplers and magic-T'SJEEE Trans. Microwave Theory
=20~ = s Aot L Tech.,vol. 42, pp. 2440-2448, Dec. 1994.
15 2 25 3 35 4 45 5 55 6 65 7 [2] S. A. Maas,Nonlinear Microwave Circuits. Norwood, MA: Artech
FREQUENCY (GHz) House, 1988.

Fig. 6. Measured gain and return losses of the 2—4-GHz amplifier.

IV. AMPLIFIER PERFORMANCE

The new uniplanar push—pull amplifiers were fabricated on  The Method of Lines for the Hybrid Analysis of
1.27-mm RT/Duroid 6006, having a relative dielectric constant Multilayered Cylindrical Resonator Structures

of 6.15. Figs. 4 and 5 show the calculated and measured gains
(S21) and input 611) and output §32) return losses of the first

amplifier, respectively, designed using NE76184AS. The calculated
magnitude ofS;; is greater than 0 dB below 5 GHz, indicating

a potential instability problem in the amplifier. This was expected Apstract—A very powerful numerical model based on the method of
as this transistor is only unconditionally stable from 6 to 11 GHines (MoL) is developed for the hybrid analysis of composite multilayered
The measured gain is between 3.5-5 dB from 5.4 to 10 GHgylindrical dielectric resonator structures. These structures are composed

Fig. 6 shows the measured gain and input and output return Ios%teg number of coaxial rings which are arbitrarily layered in the axial
Ifection. The resonant frequencies, as well as quality factors caused by

of the other amplifier using NE76084AS. The _gain is betweeRgiation or dielectric loss and the corresponding field distributions of
10 and 11 dB from 2 to 4 GHz. As seen in Figs. 4 and 5, th&l resonant modes can be determined with the described algorithm.
measured and computed results for the 5.4-10 GHz amplifier diee theory is verified in case of the conical dielectric resonator and a
not in a good agreement. A similar discrepancy was seen for tfrmparison of our numerical results with those of other authors shows

o . . excellent consistency.
2—-4-GHz amplifier. These discrepancies were expected because many
approximations were involved in the design process; for examplendex Terms—Eonical resonator, MoL, multilayered cylindrical dielec-
the effects of the discontinuities in the uniplanar circuits and tHEC resonators.
transitions used in the baluns were not taken into account in the
circuit simulations. In addition, we used the-parameters of the  Manuscript received June 27, 1996; revised December 1, 1996.
FET's from the data manual which do not represent accurately theD. Kremer was with Allgemeine/Theoretische Elektrotechnik, Fern Univer-
S-parameters of the actual devices used. It should be noted h@%g%%‘aggg;d%?fgeé‘ér%‘grr]“a”y- He is now with E-Plus Mobilfunk GmbH,
th‘r’}t the discontinuities and transmon,S can be accurately mode% . Pregla is with Allgemeine/Theoretische Elektrotechnik, FernUnigrsit
using full-wave methods, and the FET's used can also be accuratglgsoga Hagen, Germany.

represented by measuring théisparameters. These accurate models Publisher Item Identifier S 0018-9480(97)08238-0.
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