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Micromachined 28-GHz Power Divider in CMOS
Technology

Mehmet Ozgur, Mona E. Zaghloul, and Michael Gaitan

Abstract—A broad-band power divider is presented in CMOS to 35 GHz. In the same frequency range its predicted isolation
technology. The devices are realized by postprocessing chips thatis petter than 10 dB.
are fabricated in a standard 1.2um CMOS process. Developed
postprocessing includes wire bonding for ground equalization, de-
position of a stress-compensation layer, and selective etching of Il. DESIGN
the silicon substrate. By employing coupled coplanar transmission 1 minimize the area of the power divider, coupled coplanar
lines, the area of dividers is minimized to 0.8 mmx 2.1 mm. A transmission lines are used to realize quarter wavelength lon
20-35-GHz power divider exhibits a coupling of—3.8 dB %+ 0.6 ) ) q g_ 9
dB. sections [9]. In this approach for 50-output ports, the desired
even mode impedanc&() and the isolation resistor are 71 and
1002, respectively. The isolation resistor is realized by using
second-level polysilicon of the CMOS process, which has an
average sheet resistance of 28/3q. (see Fig. 1).

I. INTRODUCTION The even-to-odd mode impedance ratio of +.6s Z./Z,,,

OST-EFFECTIVE fabrication of radio-frequency (RF)which determines the_ band\_/vidth of operation, is chosen. Then,
C components and their integration with analog and digit4l€ cross-sectional dimensions of the coupled coplanar trans-
electronic circuits have become important issues recently wliission lines as illustrated in Fig. 2, are calculated by using
the single-chip communications efforts [1]. In many caselile analytical formulan_on givenin [10]_. By ta_lklng into account
microwave active circuits, passive microwave components, afitf 1-2#:m CMOS design rules, the dimensions ¢, ¢, d) =
low-frequency electronic circuits are fabricated in differerf®0; 150, 170, 500) um that yield the mode impedances of
processes and integrated afterwards by using a chip sdafer Zo) = (72.2 2, 44.1 ) are chosen. To minimize the con-
integration technology [2]. dyctor losses only second-level metallization is used in the de-

Micromachining CMOS circuits is a promising way toS'9"- _ _ _ _
realize high-performance RF components that are inherentlySimulation of the final structure is performed with Sonnet Em
integrated with low-frequency active circuits. Previously‘,s_u'te [_11]_. The resistor is modeled asan ideal high-resistive re-
low-lost coplanar waveguides were demonstrated without usifitpn With ideal contacts. The bond wires that are used for ground
any stress-compensation [3]. However, the internal mechaniggi@lization are also included in the simulations ag66high
stresses in CMOS layers have prevented fabrication of large#m-wide metal strips.
suspended membranes necessary for RF components, such as
Wilkinson dividers. This limitation has been overcome recently I1l. FABRICATION

by the addition of a stress compensation layer on the suspendefihe devices are fabricated in a commercial Ar@-
membrane area [4], [5]. Here, this new technique is furthepoly/2metal CMOS process through MOSIS [12]. The
improved to realize large RF components in CMOS technologyMOS-fabricated devices are ground equalized by using
In this paper, a high-performance low-cost power divider isond wires. Then, the area that will be suspended is stress
presented. This component is important for many applicatiogsmpensated by using a single-component screen-printable
including: high-power amplifiers [6], signal distribution netpolyimide Epotek 600 (Epoxy Technologies). Curing is
works [7], and signal detection circuits [1], [8]. The presentegone in two steps. It starts with a prebake at P&Dfor 1
divider structure is very compact (0x8 2.1 mm) and exhibits h and follows with a final cure at 275C for 30 min. This
a coupling of—3.8+ 0.6 dB over the frequency range from 1%yreates a fairly uniform, low-stress, and low-k; (= 2.4)
dielectric film. The thickness of this layer is controlled by
the thickness of the stencil, but the minimum value that
Manuscript received November 10, 1999; revised January 27, 2000. Thid be achieved is dictated by loop heights of the wire
work was supported in part by the Institute of MEMS and VLSI Technologhponds. Therefore, loop heights are kept to the smallest
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Fig. 1. Micrograph of one of the power dividers before postprocessing. Bond wires are used for ground equalization and terminating the output ports.
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Fig. 2. Cross-sectional view of the coupled coplanar section aleagis. Stress compensation layer and Si&e shown with the dielectrics, and ¢,
respectively.

silicon only under the area that will be suspended. Finally, Bond wi Thick Stress

the exposed silicon is etched by using Xef]. Fig. 3 ond Wires  Compensation Layer
illustrates a cross-sectional view of a postprocessed CMOS
chip.

R

IV. RESULTS

All of the measurements are performed from the backside
of the chips by using 50-GHz HP 8510C Network Analyzer.
SOLT (short-open-load-thru) calibration method is employed
in the probe tip measurements. During fabrication of thgy 3 cross-sectional view of the postprocessed CMOS chip with enclosed
samples, one of the output ports of each power divider lisnd wires and thick stress-compensation layer alowagis.
terminated with a 5@2 load by using bond wires. These
termination loads are designed immediately adjacent to the
output ports by using second-level polysilicon. As a resu
all the dividers are measured as two-port devices. Excelle |
divider characteristics are observed in the frequency band
interest (2035 GHz). The results shown in Fig. 4 exhib -101
good agreement with the simulation results. The differenca
between measurement and simulation are due to inaccura®
in bond-wire, dielectric and conductor modeling, assumpticvg 20 -
of zero-thickness metallization, and, most importantly, dL§,
to probing difficulties in microwave measurements. CMOS -2
pads are covered with a thin layer of aluminum oxide thi
prevents high quality electrical contacts.

Isolation between output ports cannot be measured in 1 -as -
available test chips, since a termination resistor at the input p
was not included in the design. Bonding to an existing on-ch
50+ termination is not possible because of the excessive d
tance to the nearest termination. Therefore, as shown in Fig. 4,
we report only the simulation results for isolation. It is higheFig. 4. Measured and simulated responses of the power divider.
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Beside the process variations, resistor geometry is important
at high frequencies, as well. Parasitic effects are minimized in
502 terminations by using the same width as for®Q@rans-
mission lines. On the other hand, the width of the isolation re-
sistor is determined by the impedance ratio of coupled lines and
the sheet resistance of polysilicon layer. This results in unde-
sired capacitive effects at high frequencies as shown in Fig. 5
for the resistordiy; and Rs.

The frequency of operation can be extended without major
changes in the presented structure. The main limitation for the
bandwidth of operation comes from the signal line to ground
line separation. When the metal strips are closely spaced, not
only the fabrication, but also the design of the divider becomes
extremely difficult.

V. CONCLUSION

A 20-35-GHz power divider was fabricated in CMOS
technology with an improved postprocessing procedure. This

low-cost power divider is monolithically integrated with
low-frequency electronic circuits. It exhibits a coupling of

—3.8dB+ 0.6 dB.

Fig. 5. Frequency dependencies of three polysilicon test resif&tors.,
and R are measured up to 50 GHz. All three resistors are fabricated by using
second-level polysilicon layer and have resistances of 63.6, 118.3, and236.1
respectively, at dc.

[1]
than initial estimations due to variations in the sheet resistance
of polysilicon. 2

One of the difficulties with the fabrication of power dividers
in CMOS technology is that the isolation resistor can only be re-
alized by using polysilicon available in CMOS processes. The
process-dependent variation in sheet resistance can be as Iarésé
as 10% from the mean value. In this work, all polysilicon re-
sistors are realized by using second-level polysilicon layer. In4l
the run from which the data in Fig. 5 is taken, the sheet resis-5
tance was 10% higher than average. This translates into a 10%
increase in all resistors. The terminations, which are designed®!
as 4812, are fabricated as 52Q. Similarly, the isolation re-
sistor turned out to be 112 with the contact resistances. In
electromagnetic simulations, this resistor is modeled with the
measured value of the sheet resistance. The result of the eleg]
tromagnetic simulation, which includes coupled lines and iso-
lation resistor, is used together with the wire-bond model andl
the measured response of on-chip terminations to obtain the re-
sults shown in Fig. 4. Simulations with various sheet resistancg9]
values indicate that the performance of the divider is not very
sensitive to the process variations. The changg:nandsSs;  [1q)
due to these variations is estimated to be less than 0.1 dB. The
change in return losses can be as large as 3 dB only around thﬁ]
center frequency, but the overall change can be neglected, 2]
cause the return losses remain to be more than 40 dB.
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