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Abstract—A miniaturized K-band balanced upconverter that of 0.55 mn?. This is due in part to the narrow-width thin-film

effectively uses the three-dimensional monolithic microwave inte- microstrip (TFMS) lines and broad-side couplers.
grated circuit (MMIC) structure is presented in this paper. This

upconverter consists of two unit mixers with stacked matching A. Marchand Bal
circuits and a newly developed Marchand balun. This balun “* archan alun

is composed of two broad-side couplers and realizes a great The Marchand balun consists of two broad-side couplers
reduction in circuit area. Each component’s area is less than 0.13 [4], connected as shown in Fig. 1, with a short intermediate

mm?, resulting in a total area of only 0.55 mnt. This three- I f hip | t Each ler | tructed of t
dimensional MMIC upconverter achieves conversion gains of Ine for chip layout. £ach coupler IS constructed or two

greater than 1 dB and local oscillator (LO) leakage suppression narrow conductors (6 and gm width) stacked on the top
rates of greater than 30 dB over the 17-18.5-GHz frequency band. and the second-top layers of the polyimide films with an

associated ground plane on the wafer’s surface. The length
of the broad-side couplers is designed to be less than a quarter
. . . of the wavelength of the center frequency. This is due to the
ABALANCED_upconverter is a key device for transmitter§yjyehand operation frequency of the Marchand balun. The
and transceivers that must be implemented as smallglgjgned amplitude and phase errors are within 1 dB afd 10

chips with lower cost. The balanced upconverter is ConStrUCtFé%pectively and the loss is5 dB (2-dB insertion loss) from

by cpmbining two unit mixgrs and a lB(D!ybrid ortwo 96 14 g 30 GHz. This frequency range is six times wider than
hybrids [1], [2]. In the chip of conventional upconvertersy o+ of the following mixer.

the passive components dominate the monolithic microwave

integrated circuit (MMIC) chip area. Therefore, it is MOSE  Unit Mixer

efficient to reduce the area of the passive components in ) _ o o
upconverter chips. Three-dimensional (3-D) MMIC's [3]—[8{ A gate mixer conf|g_urat|0n_ is employed for the unit mixers
are very useful in solving this problem. The 3-D MMICE provide a conversion gain of nearly 0 dB. Intermedl_ate
broad-side coupler reported in [4] is a very compact hybriieduency (IF) and local oscillator (LO) signals are applied
component and is easily combined with another broad-sitf the field-effect transistor (FET) gate as shown in Fig. 1,

coupler, with very little increase in area, to form the Marcharf@'d the radio frequency (RF) signals from the FET drains
balun, a replacement for the 18@ybrid. are directly combined with an associated short stub for output

This letter introduces a miniaturized balanced upconvertgfPedance matching. The matching circuits and IF/RF feeder
that offers a very small MMIC chip. It is realized as a 0.74§nes are designed to be stacked above and below an interme-

mm x 0.69-mm chip and consists of two unit mixers formediate ground plane to halve the mixers’ area. The lower lines

as stacked matching circuits; the Marchand balun is compodé¥erted TFMS lines) are as wide as i# for a characteristic
of two broad-side couplers. The size of the presented thré@Pedance of 34z and lower loss. The upper lines (TFMS
dimensional MMIC balanced-mixer is a mere one third that §f'€S) aré 10sm wide for a characteristic impedance of §0
the minimum-sized planar balanced-mixer MMIC [1]. The gate width of each FET is 20@m.

I. INTRODUCTION

C. Balanced Upconverter
Il. CIRCUIT DESIGN

. h he circui f the miniaturized b The total circuit design was performed using a quasi-
Fig. 1 shows the circult structure_ of the _rmmatunze ) ahnear approach [1], which treats the LO and RF ports as the
anced upconverter. The cross section of this structure is a(l‘;tsrﬂplifier's input and output; the assumption is that out-of-

shown in Fig. 2. A Marchand balun is designed to reducg,»qe |F inputs switch the mixing FET. This method provides

the size of the passive components. A pair of gate MiX€LSy,qq insight for achieving the same gain and out-of-phase

are directly connected to the balun's output ports. The Mqgtihe required frequency range. The predicted amplitude and
significant feature of this upconverter MMIC is that all passiv hase errors were within 0.3 dB and Bom 17 to 20 GHz

circuits are formed as a three-dimensional structure. The ﬁgpectively and the quasilinear gain wa4.5 + 1.5 dB
of 2.5-um-thick polyimide films results in the very small area ’ ' ' '
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Fig. 2. Cross section of the three-dimensional MMIC.
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Fig. 3. Photograph of the fabricated balanced upconverter.
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Fig. 4. Measured results of small signal balance characteristics.

circuit areas of the Marchand balun and a unit mixer are 0.3
mm x 0.42 mm and 0.4 mnx 0.33 mm, respectively. They
are nearly the same due to the three-dimensional structure as
shown in the microphotograph. The total circuit area is a mere
0.79 mmx 0.69 mm. The Marchand balun was implemented
by combining two 1.5-mm-long broad-side couplers and an
intermediate line 0.2-mm long, resulting in a size reduction of
1/6 to the conventional planar 18@ybrid [9].

The quasilinear characteristics of the fabricated upconverter
are shown in Fig. 4, where the solid lines and the dotted
lines are measured and calculated value, respectively. Mode
A indicates that a FET is “on,” and the other FET is “off.”
Mode B indicates the opposite state of mode A. The for
both states is a small-signal gains. The difference between the
small-signal gains for mode A and B is less than 2 dB and,
at the same time, the phase difference between both modes is
less than 1® over the frequency range 17-20 GHz. The gain
flatness is within 3 dB in this frequency range. These results
indicate that the developed Marchand balun provides good

gate MESFET IC process and a following 251 x 4-layer balance in amplitude and phase for practical mixer impedance
polyimide process [8], where all miniature transmission lineslues.

are meandered and spiraled with narrow line-to-line spacingsFig. 5 shows the frequency characteristics of the balanced
of less than 3Qum. The line-to-line spacing is wide enoughupconverter when a 10-dBm LO and 0-dBm IF signals are

for the maximum 1Q:m thickness polyimide substrate.

Thesupplied, where the IF frequency of 140 MHz was used. The
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5F . . . 5 50 exhibited an area of just 0.55 nfrand a conversion gain of 1
usB - dB, from 17 to 18.5 GHz, with significant local suppression.
0r - =45 m
—_ LSB <2
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