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A Micromachined High&¢) X-Band Resonator

John Papapolymerou, Jui-Ching Cheng, Jack Basmber, IEEE and Linda P. B. Katehirellow, IEEE

Abstract—This letter presents a new structure which can be
used as a microwave high? resonator for the development of
narrow-band low-loss filters in a planar environment. The res-
onator is made of a low-loss micromachined cavity which is easy
to integrate with monolithic circuits. Compared to conventional
metallic resonators, the performance of this resonator is similar,
but the weight and size are significantly reduced.
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ONVENTIONAL microwave high¢) resonators made Side View %
by metallic rectangular or cylindrical waveguides are M

heavy in weight, large in size, and costly to manufacture, ~ Meallizion Cavity
Furthermore, they do not allow for an easy integration with
mc\)/r\}i?::ﬂ’:;](;Irrl:;tglzraiisdoflrl;?ilélrt;’nachining techniques in fabl’i-Fig' 1. The structure of the proposed micromachined bandpass filters.
cating microwave circuits, it is now possible to make minia- )
ture silicon micromachined waveguides or cavities [l]—[éﬂ'VO, techniques are coupled at the slot surface. Due to the
as building blocks for the development of highbandpass exibility of FEM, the shape qf the caV|ty. is not' restricted
filters. The quality factor that can be achieved with thif be_rectangular and the cavity can be filled _W|th _com_plex
technique is much higher than the quality factor of traditiongfaterial. The procedure of applying this technique is briefly
microstrip resonators either printed on a dielectric materigfScribed in the next paragraph. The exact formulation will not
or suspended in air with the help of a dielectric membrarf® Shown here, since it is similar to the one presented in [6].
[5]. A possible high¢) filter geometry is shown in Fig. 1, Fig. 2 shows a cavity .coupled by' two microstrip lines
consisting of input and output microstrip lines and rectangulf}rough two slots. By using the equivalence principle, the
cavities on different dielectric layers. The cavities are madPtS can be replaced by perfect electric conductors with
by Si micromachining and are metallized by convention&lqu'vale”_t magnetic currents fIqwmg above the!r surface at
techniques. Coupling between the cavities and microstrip lin§ location of the slots. In this way, the cavity and the
is achieved via the slots etched at appropriate locations witi{crostrip lines are separated by the ground plane of the
respect to the microstrip lines. Coupling between cavitidgicrostrip lines. Thg field inside or outside the cavity can be
is controlled by the size, position, and orientation of thEPPresented as an integral of the unknown equivalent current
corresponding coupling slots. The vertical stacking of thePurces dot-multiplied by the dyadic Green's function. By
cavities greatly reduces the occupied area when multipﬁ@forc'”g the continuity of tgngenual magnetic f|(_alds across
cavities are needed for filter design. t_he_slots and using Galerkln’s_ rr_leth_od, a matrix _equat!on

In the following sections, a micromachined resonator {4'King the unknown current distribution on the microstrip
analyzed and built. The theoretically calculated results diges and field distribution on the slots is derived. The finite

compared to measurements. T@eof the resonator is com- element technique applied in the c_:avity_links t_he fieldg on
puted and compared to th@ of conventional metallic and the two slots through an FEM matrix. This hybrid technique
planar resonators. reduces to a matrix equation which is then solved to compute

the unknown current and field distributions.

| II.- THEORETICAL ANA-LYSIS . FABRICATION
Athybl\r/'ldl\jleChn('qut"ﬁ [?_] _tthatlcombltnes ttr?edmgtéﬁd _Of MO The X-band resonator is fabricated using standard mi-
ments (MoM) an @ finite-element method ( ) is usecgromachining techniques. For the circuit shown in Fig. 2

in the theoretical analysis. This technique primarily uses t%o silicon wafers, 50Q«m thick, with 1.45um thermally
method of moments to analyze t.he op.en.part of the ;truct fown oxide depoéited on both’sides are used. To measure
and the FEM to compute the fields inside the cavity. Tr} e resonator with on-wafer probing, a coplanar waveguide
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Fig. 2. An X-band micromachined resonator. N
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both the CPW and microstrip is 52. The two microstrip Freq (GHz)

lines are gold electro-plated with a total thickness of jZtB  Fig. 3. Measured and theoreticSitparameters for the resonator of Fig. 2.
in order to minimize losses. Infrared alignment is used in order
to correctly align the two slots on the back of the wafer with s
the microstrip lines printed on the other side. .
The cavity is fabricated on a second wafer by using chemica,
anisotropic etching (EDP or TMAH) until a depth of about 465 §
pm is achieved. Once the wafer is etched, it is metallized,
with a total thickness of 2um. The two wafers are then
bonded together with silver epoxy that is cured at T80
The alignment between the two wafers is achieved by openi
windows on the top wafer during the etching process to align_ |
to marks that are placed on the second wafer.

IV. COMPUTED AND MEASURED RESULTS

A resonator with the dimensions shown in Fig. 2 is built & R
and the S-parameters are measured and compared with th8 ¢' ©°2 03 04 05 06 07 08 05
computed results. The reference planes for the measurenfémt4. Computed:-component of the electric field density on the bottom
are at the middle of the slots and de-embedding is achiev¥dhe cavity.
using a thru-reflect-line (TRL) calibration with the standards
fabricated on the same wafer. Computed and measured resydfen de-embedded. The load@d@;) of the cavity defined as
can be seen in Fig. 3. Note that although the cavity is not
rectangular, we find that the first resonant frequency is very Q= fo (1)
close to that of a rectangular cavity of similar size. The small Afs—an
difference (1%) in the center frequency is partly due to the

finit 4 deling th tical | f1h .}Nhere fo = 10.285 GHz is the resonant frequency and
inite accuracy in modeling the nonvertical slopes o ecav%fg_dB — 0.5 GHz is the 3-dB bandwidth, is found equal

and partly to the inherent numerical error of our simulatio% 20.57. The external of the resonator)., which includes
technique. Fig. 4 shows thecomponent electric field density ﬂe in.pui—output loading effects, can be %und from [5]

on the bottom of the cavity at the resonant frequency (10.

GHz). The field pattern also matches quite well to that of the Q

first resonant mode of a rectangular cavity of the similar size. S21 (dB) = 20 logy <@> (2)

The figure is drawn according to the physical dimension of '

the cavity. The two coupling slots are located at 1/4 and 3yhereSz; was measured to be 0.36 0.04 dB. The error is

of the length of the cavity as indicated in the figure. attributed to calibration accuracy and fabrication tolerances.
In order to evaluate the unload€ (Q,,) of the cavity the Equation (2) gives). = 21.44 £ 0.1. Knowing Q. and @,

losses due to the excess length of the lines from the refereM@ can find@,, from the known relation

planes, which is needed to tune the slots, must be removed. 1 1 1

For this reason the ohmic loss on the feeding lines is found 6 = Q_ + Q_

from the TRL standards and is used to compute the loss on the ! “ ¢

two open end stubs extending beyond the center of the slotsUsing the above definitions and the measured resalts,

For the measured results shown in Fig. 3 this loss has alreaslyfound to be equal to 506- 55 and is very close to the

(3)
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TABLE | cavities is presented. The use of Si micromachining enables the

COMPARISON OF MEASURED () FOR SEVERAL RESONATORS AT X-BAND integration of a cavity resonator with microstrip components

type size (mm x mm x mm) | Q. without affecting the planar character of the circuit. The
non-planar | metal (rectangular) 19.8x22.9x10.2 8119 size and weight of this component is significantly reduced
metal (rectangular) 16x32x0.465 526 compared to conventional resonators made by metallic cav-

planar micromachined cavity [6x32x0.465 506 ities, while demonstrating an increased quality factor when
membrane-microstrip 5.3x7.1x0.35 231 I compared with other planar resonators. We should note here

microstrip 2.65x3.55x0.5 125

that this highé) resonator can be used as a basic element in
the design and fabrication of high-bandpass filters.

theoretical value of 526 for a metallic cavity with the same
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