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V-Band Balanced Amplifiers using Monolithic
Uniplanar Tandem Couplers

Jeong-Ho Yoo, Pil-Seok Ko, Sam-Dong Kim

Abstract— V-band balanced amplifiers were monolithically
fabricated using the uniplanar tandem couplers and 100-nm
GaAs pseudomorphic high electron mobility transistors. Due to
the excellent low-loss broadband coupling and high directivity of
the tandem couplers, the balanced amplifier showed a very low
input return-loss of -44 dB at 60 GHz which is known to be the
best performance among the monolithic microwave integrated
circuit V-band amplifiers reported to date. Compared to those of
the reference single-ended amplifiers, the balanced amplifiers
also exhibited comparable high S, gains of 814 dB in a
frequency range of 55-65 GHz

Index Terms— V-band, balanced amplifiers, tandem couplers,
coplanar waveguide, return-loss.

[. INTRODUCTION

for the balanced amplifiers operating in a V-bab@-{5
GHz) frequency range. For the comparative studg th
single-ended amplifier was also fabricated as areeice
circuit with the balanced amplifier using the CP\Asbd
tandem coupler structure and 100-nm GaAs pseuddriworp
high electron mobility transistor (pHEMT) monolithi
microwave integrated circuit (MMIC) technology.

Il. TANDEM COUPLER CONFIGURATION

Figure 1 shows a scanning electron microscopy (SEM)
photograph of the fabricated tandem coupler on @68
thick GaAs substrate with air bridge crossoversenghthe
numbers of 1, 2 and 3 represent a direct portualed port,
and an input port, respectively. After Ti and Aurae

A balanced structure is widely used for the powesvaporated on the substrate for the ground methisamal

combination [1], linearization [2], and stabilizati [3] of the
amplifiers by improving the wideband matching irreléss
communication system. The principal advantage of
balanced structure is that any mismatch reflectfoos the
amplifiers pass back through the couplers and appea
anti-phase and therefore cancel at the RF inpub@gput)
port. Reflected energy is diverted to the termidateupler
ports. For this reason, we can easily stabilizeramiave or
millimeter-wave transistors using balanced strietuithout
tight matching network technology [4]. Achieving eth
efficient balanced amplifiers operating at millimetvave
frequencies critically depends on the performantehe
directional couplers with low loss, high directiyitand
broadband coupling as well as easy fabricationgs®clt is
difficult to achieve the tight coupling effect 08 €IB from the
coupled line couplers because of critical precisienessary
for the fabrication process as well as the degradabf
directivity due to the phase velocity mismatch lestw even
and odd modes at the top and the bottom of thermesion
line [5, 6]. When we employ a structure comprisithg
N-section parallel-coupled lines, we can simultarsdp
achieve a tight coupling and a high directivity evéth a low
coupling coefficient of the individual coupler. Taam
couplers take this advantage and connect the lomggled
couplers to form a tightly coupled coupler. In thierk, we
adopted an air-bridge structure to materialize dbplanar
waveguide (CPW)-based tandem coupler as a morualltyi
fabricated uniplanar structure [7]
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lines, the air bridges were fabricated by using our
conventional MMIC process. This type of couplerréiere
@an be monolithically integrated with the activeASaMMIC
with no additional process step. For the couplaigie the
process tolerance first needs to be taken into umtro
however, this 3-dimenesional structure can beeessdlized
because of relatively loose coupling requiremenfs o
individual couplers. The coupling gap and the lingdth of ~8

um could be reliably patterned by our conventiorifédoff
technology. Besides, we can implement a tandemlepop
which coupling coefficient larger than 3 dB by opizing the
coupling gap of individual couplers. Furthermores ghose
two-section CPW parallel-coupled lines of air-coupling
gap [7]. Each coupler unit was designed to haveupling of

~8 dB to give a maximum coupling of 3 dB at 60 GHar the
uniplanar structure at crossover connections, arbriige
structure was used. The air bridge line haguan3ieight from
the underlying metal points and gives more reliable
performance than the wire-bonded structures at
millimeter-wave frequencies [5].

The measured S-parameters of the couplers are simown
Fig. 2. A maximum coupling of 2.5 dB was obtained2
GHz from the coupled port, and average coupling36 dB
was measured over the entire frequency range 3Gz
with a 0.5 dB power loss. The coupler exhibited a2
bandwidth of 83 % where the power difference betwie
direct and the coupled ports was maintained withidB.
Return-loss and isolation were smaller than -23 -4:6ddB,
respectively, over the entire our measurement &equ
range. The measured phase angle difference bettireen
direct and the coupled ports was varied from 82&din the
same frequency range.

Published By: g
Blue Eyes Intelligence Engineering \®
& Sciences Publication Pvt. Ltd.




V-Band Balanced Amplifiers using Monolithic Uniplanar Tandem Couplers

with the CPW transmission lines, Ti resistors, avitM
capacitors. The top view of the fabricated balareaglifier
is shown in Fig. 3. The performances of the amgtfiwere
characterized using an on-wafer probe station anfigient
8510C network analyzer with V-band test set. Figushows
the S; gains of 8.5-15 dB in our design frequency ranfje o
55-65 GHz measured from the reference circuit of
single-ended amplifier. The frequency ranges far ithput
and output return-losses smaller than -10 dB welaively
narrow (56-70 GHz for 3, 60-68 GHz for &) due to the
unavoidable wideband reflection mismatch. The bzddn
amplifier showed comparable,;Sgains of 8-14 dB in the
same frequency range of 55-65 GHz as shown inFi@n
the other hand, the input and output return-loggze smaller
than -10 dB over the entire V-band frequency raofges-75
Fig. 1 SEM photograph of the fabricated tandem couglr. GHz. At a design target frequency of 60 GHz, tl"[mtr.and
output return losses were -44 and -22 dB, respagtiAs

summarized in Table 1, this is the best performamd¢erms

of input return-loss among the V-band MMIC ampli§ie
STt —— . OO [8-10] reported to date.
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Fig. 2 Measured S-parameters of the fabricated tarem coupler.

Fig. 3 Top view of the fabricated balanced amplifiel(2.8 x 2.2
[ll. CHARACTERISTICS OF BALANCED AMPLIFIERS mm?) amplifiers.

We used the pHEMT monolithic technology with 100-nm
gate length andxZ0 um gate width for the amplifier design. 20
The fabricated HEMT showed a maximum transcondeetan 10
of ~340 mS/mm, a maximum oscillation frequency @86
GHz, and a cut off frequency of ~113 GHz. In orteobtain
the required transducer power gain 510 dB) at 60 GHz,
an amplifier with two cells in cascade was desigaed
optimized through the simulations. In the bias meks, A/4
75 Q and 500 impedance transmission lines were adopted. In =401
order to decouple the circuit from the externaslsiucture, a
good RF short circuit was introduced using
metal—lns.ulator-metal cgpaC|tor§7el¥1 l.me nge. Gz.ate-blas Fig. 4 S-parameter measurements of the single-endadplifiers.
network includes a resistance in series with Xheline to
prevent the low-frequency oscillations. We desigoleds-A
single-ended amplifier to obtain a stable outp@rahteristic
and good linearity. The input stage utilize a cgape
matching method to maximize the power flowing inie
device, and the power matching method was usedhfor
output stage to obtain high 1-dB compression ouypouwer.
Finally, a balanced amplifier was constructed witto
uniplanar tandem couplers and two unit amplifiesshown
in Fig. 3 by using the designed single-ended aieplés unit : y , ‘ . ;

ap . . 50 55 60 65 70 75

amplifier. The 5@ Ti resistors were used for the frequency, GHz
terminations.

The single-ended and balanced amplifiers were dated
using our standard 100-nm GaAs pHEMT MMIC process Fig. 5 S-parameter measurements of the balanced afifiers.
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IV. CONCLUSIONS

The V-band balanced amplifiers of very low retuosd
were successfully demonstrated by using uniplaaaddgm
couplers. The fabricated coupler configuration shdw
broadband coupling, low loss, good isolation, aintbat flat
qguadrature differential phase responses over thireen
frequency range of 30-90 GHz. Due to performancéhef
uniplanar tandem couplers of tight coupling, lowgdpand
high directivity, the fabricated balanced amplifignowed
very low return losses and high stability with cargble
small-signal gain with that of the single-ended hfiep.
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