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Abstract—Effective high-frequency spectrum usage re- |7-SectionButterwo rthFilter|
quires high-performance filters to have a sharp cutoff fre-

quency and high stopband attenuation. Stepped-impedance / ‘ \

low-pass designs achieve this function best with large ratios of

high-to-low-impedance values. In high-index materials, such as —{ Conventional (Fabricated) | [ Synthesized @abricated) |
Si (11.7) and GaAs (12.9), however, these high-to-low-impedance

ratios are around five, thereby significantly limiting optimum Casel: Low Impedance Section (LI) - Casel:
filter performance. This paper characterizes the use of Si mi- - Substrate Height = 100 ym - Substrate Height = 100 um
cromachining for the development of synthesized substrates, it =380 pm | | L e 8

which, when utilized appropriately, can further reduce the - [High impedance = 100 Q] * Synthesized width = 190 um
low-impedance value or increase the high-impedance value. Both - [High impedance = 100 2]

designs have demonstrated high-to-low-impedance ratios that are
1.5-2 times larger than conventional techniques.

. . - . w2 Low Jmpedance Section (LT - Case 2a:
Index Terms—Filters, micromachining, synthesized substrates. _S“bmtdf;w_zso um _s“bmt:;;‘ﬂgm,"zs':, “:l
- Conventional Width = 980 pm - Syathesized height = 150 um
'—>| - Low impedance =20 Q ~ Low impedance = 19.9 Q le—
- [High impedance = 100 2] * Synthesized width = 573 pm
|. INTRODUCTION - [High impedance = 100 Q]
FFICIENT frequency spectrum usage is required by ' W
variety of communications related applications (e.g., wire - gnu::m height ~ 150
. . . - W nce = 13..
less systems, collision avoidance radars, etc.) and demands * Synthesized width =980 pm
development of high-performance filters for frequency sele: - [High inpedance = 10008 |
tivity. In addition, the need for highly portable and inexpensive @

components encourage the development of planar designs on
high-index semiconductor materials that offer low-cost mant

| 7- Section Chebyshev Filter |

facturing capability. Good planar filter designs use equivaler
transmission-line representation for inductive and capacitiv /
filter elements that result in large high-to-low-impedance ratios | conventional (Modeted) | | Synthesized (Fabricated) |

Although high dielectric-constant semiconductor material

(e.g., GaAs and Si) offer compactness, some designs, such P E—— o T s

. . = dubpstrate e = m 1gn impedance »Sec 'Onjﬂll
the stepped mpedance filter, can suffer frgm shallow rolloff an | . pigh imped,,,’ie= 1500 - Substrate Height = 250 am
poor attenuation in the stopband due to impedance range lii [ fonv:nﬂon:lWidthgolé;m - Synthesized height = 150 pm
Lo .. . . - [Low impedance = - High impedance = 150 Q
itations that preclude achieving large high-to-low-impedanc * Syathestord width 70 uzn
ratios. - [Low impedance = 30 Q]

In this paper, a silicon (Si) wafer is micromachined to form ¢

“synthesized substrate” that can minimize low impedance ana b
maximize high-impedance values. Preliminary findings of this ®)
micromachining approach have been demonstrated in [1] offfig: 1. Micromachined filter design flowchart using the: (a) low-impedance

stepped-impedance low-pass filter design. Similar designs h%}gthgg’&ng'sgsh;e";gggir}cfubi’frgrtzaCh' [l denotes the line printed on the
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TABLE |
SYNTHESIZED LOw-IMPEDANCE (LI) D ESIGN PARAMETERS FORFILTER IMPLEMENTATION, WHERE dpt IS THE FULL THICKNESS (FT) HEIGHT,
d IS THE MICROMACHINED HEIGHT, AND @ IS THE CONDUCTORWIDTH

Filter |Impedance| Length FT Width |LI-Design| FT Width |LI-Design 2a|Impedances |LI-Design 2b
Section | (ohms) (um) | (de=100 pm; 1 der =250 pmy{  Width (Ohms) Width
w/d=3.8) Width | w/d=3.9) |(d=150 pm; (d=150 pm;
(d=50 pm) w/d =3.82) w/d=6.53)
Ll 100 135 10 10 25 25 100 25
L2 20 270 380 190 980 - 573 13 980
L3 100 684 10 10 25 25 100 25
14 20 480 380 190 980 573 13 980
L5 100 684 10 10 25 25 100 25
L6 20 270 380 190 980 573 13 980
L7 100 135 10 10 25 25 100 25

impedance filter is used as a demonstration circuit and has bee ;
realized on both conventional and synthesized substrates, as ou
lined in Fig. 1.

Il. DESIGN CONSIDERATION AND APPROACH

A. Synthesized Low-Impedance Design Approach I * "

This approach attempts to reduce the low-impedance value a
in the stepped-impedance filter design in order to increase the
high-to-low-impedance ratio using silicon micromachining. To w
develop impedance values below 2®n high-index materials N
such as silicon, linewidths must increase substantially for a
moderate reduction in characteristic impedance. Furthermore, - . o ) )

. . . A 19’ 2. Circuit layout for micromachined filter on synthesized low-impedance
these large widths contribute to higher radiation loss due to tg@strate. (top) Stepped impedance microstrip electrode, where individual
large step discontinuity between the high- and low-impedang&e sections have dimensions indicated in Table I. Dotted lines represent
lines. In this approach, the following two objectives Wer@e micromachined cavity region underneath the low-impedance conductor

. ; ; . . Whose widthsae andb are listed in Table IV. (bottom) Cross section of the
sought: 1) the demonstration of a micromachined filter withyicromachined silicon substrate.
increased low-to-high-impedance ratio in comparison to a
conventional filter and 2) the identification of important design
parameters for the reduction of characteristic impedance values

Typical microstrip characteristic impedance valugg)(on
Si (e, = 11.7) range from 20 to 10@2. The use of micro-
machining in this design further reduces the low characteristic "M==
impedance %o, L.ow) by locally reducing the substrate height -
and, as a result, increases the line capacitance. A seven-se
tion high—low Butterworth filter has been designed using Ad-
vanced Design System (ADS) and Lineca#émnd is realized in
two configurations. One configuration is the reference design on
a standard full-thickness silicon substrate, while the other is the Backside Metallzaton
proposed design on a micromachined silicon wafer. This micro-
machined design realizes low-impedance microstrig228@c- Fig.3. Circuitlayout for micromachined filter on synthesized high-impedance

; ; ; ; ; i substrate. (top) Stepped-impedance microstrip electrode layout, where
tions on a Iocally thinned 5@m region, while maintaining the.i dividual L; sections have dimensions indicated in Table Il. Dotted lines

high-impedance microstrip lines on full-thickness Si materi@present the etched cavity region underneath the high-impedance conductor
(200 ;zm). An illustration of the layout and circuit dimensionswvhose widthse and b are listed in Table IV. (bottom) Cross section of the

are shown in Fig. 2 and Table I, respectively. micromachined silicon substrate.
In addition to the specific filter configuration described
above, a parametric study of a low-pass micromachined filtBr
with low-impedance sections on 1%0n locally thinned This approach attempts to increase the high-impedance
sections is performed to determine the effect of the microstvalue in order to produce a larger high-to-low-impedance ratio.
width (w) to substrate thicknesd)ratio on filter performance. Impedance values above 10Don high-index materials such
The results of each design are discussed in detail in the resaisSi require linewidths smaller than 10n, thus resulting
portion of this paper. in high ohmic losses. Additionally, the large geometric step
discontinuities between the high- and low-impedance sections
IAgilent Technologies Inc., Santa Clara, CA. introduce large parasitics, which are difficult to incorporate

Backside Melslization

Synthesized High-Impedance Design Approach
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TABLE I

SYNTHESIZED HIGH-IMPEDANCE (HI) DESIGN PARAMETERS ONFULL THICKNESS SILICON AND MICROMACHINED HIGH-IMPEDANCE SECTIONS BASED ON A
10% :90% RTI0 OF Si— AR REGIONS WHERE FT IS THE FULL-THICKNESS SUBSTRATE AND h IS THE FULL THICKNESSHEIGHT

Filter Impedance FT Width FT Length HI Width HI Length
Section (Ohms) (h=250 um) (pm) (10:90), (um) (um)
L1 30 500 268 500 268
L2 150 1.2 271 70 498
L3 30 500 500 500 500
L4 150 1.2 327 70 600
L5 30 500 500 500 500
L6 150 1.2 271 70 498
L7 30 500 268 500 268

into practical filter design iterations. The primary objective ir
this section is to demonstrate that micromachining can provi
a more practical method for realizing very large impedanc
lines (as high as 15Q2) without introducing high ohmic losses.
This high-impedance design approach increases the char
teristic impedanceX,, micn) by locally reducing the effective «
dielectric constant and, thus, increases line inductance. Figis
and Table Il illustrate the layout and dimensions, respectivel
for a seven-section 0.5-dB equiripple Chebyshev low-pass filte
Theoretical calculated values of the effective dielectric consta
and characteristic impedance of the microstrip lines shown
Figs. 4 and 5 are determined from data generated by a p
allelized full-wave FEM simulation tool based on tetrahedre
elements [3], [4]. The high-impedance (18] inductive sec-
tions are printed on a 250m-thick Si substrate that has been

etched locally to create a 22@m air cavity region underneathFig. 4. Effective dielectric-constant data for synthesized high-impedance

S$i 10, Air 90

Si 25, Air 75
~~~~~~ Si 50, Air 50

Si 75, Air 25
- Si90, Air 10

Si 100, Air0

W/H

the line. This results in an effective dielectric constant of 1.ggPstrates using air-silicon combinations.

(see Fig. 6). The low-impedance (20 capacitive section re-
mains on full-thickness silicon with an effective dielectric con-
stant equal to 6.153.

C. Capacitance and Open-End Effects in Synthesized
Substrate Regions

The capacitance of a transmission line is the sum of the pr —
mary line capacitance and the parasitic open-end capacitan: §
The line capacitance in the micromachined sections is con &
puted from a static model’ = A/d, wheree is the effec-
tive dielectric constantA is the area, and is the electrode
separation distance. In this analysis, the assumptions are vi
tical cavity sidewalls and a fixed substrate height. The phase v
locity in the reduced height section is reduced when compare
to the full-thickness ones due of the increase in capacitance.
contrast, the phase velocity in the reduced dielectric-consta
section is increased as a result of the decrease in capacitan
Hence, such variations will cause the micromachined filter de-

sign to experience a shift of the 3-dB cutoff frequency comparé@- 5. Characteristic impedance for synthesized high-impedance substrates
using air-silicon combinations.

to the conventional approach.
The open-end capacitance is a function of the substrate thick-

ness, the width of the microstrip line, and the effective dielectriermined by electrode area and separation, this parasitic radia-
constant of the rest of the substrate. In the micromachined filtgsn effect can also be described by a ratio of conductor width

200

180
160 -
140

120 ‘\“\ ‘\‘

80
60
40
20

0

100 'V;' \

Si 10, Air 90
Si 25, Air 75
Si 50, Air 50 3
Si75, Air 25 4
$i90, Air 10

Si 100, Air 0

design, the parasitic open-end effect [5], which can be repfes) and micromachined substrate heigh). (Values ofw/d

sented by the equivalent transmission-line length computedlawer than the conventional full thicknegg d result in reduced
Table 111, is dominated by parasitic radiation that can comprepen-end effect capacitance and must be accounted for in the de-

mise filter performance considerably. Since capacitance is d#gn on the synthesized substrate.
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TABLE 1lI
OPEN-END EFFECT CALCULATIONS ARE BASED ON EQUATIONS IN [5] AT 20 GHz,AND ASSUME CONSTANT SUBSTRATE THICKNESS OF
100 #m FOR THEFIRST TWO TYPES AND 200 ;#m FOR THE REMAINDER

Type Conductor Width Substrate Height | Effective Dielectric |Characteristic] ~Off-set
(pm) (nm) Constant Impedance |Length (um)
(9]
Full thickness 380 100 9.18 19.95 36
LI-Design 1 190 50 9.05 19.50 18
Full Thickness 980 250 9.64 19.67 91
LI-Design 2a (w/d=3.82) 573 150 9.28 19.19 55
LI-Design 2b (w/d = 6.53) 980 150 9.99 13.13 59
0 | | | | | T
7 -10—: +
= o ]
§ =20 "a‘i‘?;c.%:—
.*é —*— §11-LI-Design 1
_ ses-0--= §21-LI-Design 1 L
@ -30 T osu oY
= NS $21~FT
-40 £ §11 - FEM (synth.) |
r + §21 - FEM (synth.)
e

Frequency [GHz]

Fig. 6. SEM micrograph of synthesized high-impedance section filter. Inset ) . ) . i
figure of high-impedance section of line. SI‘—elg. 7. Seven-section Butterworth filter design. (a) Return-Idgsk1§ and

insertion-loss §21) comparison of conventional full-thickness (FT) design to
synthesized low-impedance (LI) design 1 on 10®-thick silicon.

[ll. RESULTS AND DISCUSSION
A. General Fabrication Approach and Testing Methodology B- Synthesized Low-Impedance Design Results

All circuits are printed on high-resistivity silicon , . .
(1500 ©2-cm) and material is etched locally underneath Two different design approaches have been applied to a

the desired line to a specific depth using wet anisotro Isgven—section Butterworth filter design, and measured data of
P P 9 Pch are compared to a conventional full-thickness reference

: . e
etchants, e.g., potassium hydroxide (KOH) and tetra met . : . -
ammonium hydroxide (TMAH) [6]. Both chemicals use crystta}?f er. One design attempts to validate the micromachining

7 . . o approach by realizing the 2Q-low-impedance sections of
plane selectivity and form pyramidal cavities with S|dewallt<‘ne conventional design onto the micromachined&@+thick

?irr]gllﬁg ZEeSgZ?cZ‘tse:jns\;ﬁﬁtzd Irnoxlzi:ﬁétil and T%?lzlé\é[r;—_hesubstrate areas. These capacitive sections are represented by
P y 3 190+u:m-wide lines that maintain thes/d ratio of the con-

plated gold (Au) and have approximately 2 of sputtered ventional design (3.8). The synthesized design compares well

titanium—gold (Ti—Au) on the back of the wafer to form the,; the reference (Fig. 7), having a 3-dB cutoff frequency of
ground plane. In the final stage, each circuit wafer is attache 5 GHz and. thus c.onfi’rming the accuracy of the approach

a metallized support wafer of similar metal composition using ) i
conducting silver epoxyto insure ground-plane equalization N the other design approach, the effects of varying the con-
between the vias and lower metallization. ventional designw/d ratio value is studied for lower imped-

A Cascade Microtech Probe station and an HP 8510C N&fices realized on micromachined 12@-thick substrate areas.
work Analyzer are used to measure the filter performance. THENOT changes in the conventiona)/ d value (3.9) are obtained
thru-reflect-line (TRL) calibration software MULTICAB[7]is Y reducing the linewidth on the micromachined area. The re-
used to eliminate the effects of the 15 air coplanar-wave- Sultingw/d ratio (3.82) shows negligible change in the char-
guide ground—-signal—ground probe tips and the feedline effeBleristic impedance value. This minor change does, however,

from the measured filter response. The results of these measGAk!se the 3-dB cutoff frequency to shift upward due to the net
ments are described in the following sections. reduction in the primary line and open-end capacitance, and is

shown in Fig. 8 as “LI-Design 2a.” Changes in the conventional
w/d ratio to values greater than a factor of 1.5 (6.53) are ob-
tained by maintaining the full-thickness conductor width while
2Epoxy Technology Inc.. Billerica, MA. reduz_:ing the s_ubs_trate height. This_adjustme_nt leads to a sub-
3R. B. Marks, D. F. Williams, Program MultiCal, rev. 1.00, National Institutestantlal reduction in the micromachined low-impedance value
of Standards (NIST), Boulder, CO, Aug. 1995. (132) and causes the 3-dB cutoff frequency, shown in Fig. 8 as
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TABLE [V
PYRAMIDAL CAVITY WIDTHS AT TOP AND BOTTOM OF MACROMACHINED CAVITY , WHERE FT DENOTES THEFULL THICKNESSDESIGN
Design Type FT height Lower cavity width, a Upper cavity width, b
(nm) (nm) (um)
Low Impedance 100 1385 1323
Low Impedance 250 3480 3338
High Impedance 250 570 270
ottt e ‘ 1+ttt
_ 0t T ) [ ]
=] r ] 0.75 T
AN N ] A3 [ — Full Thickness ]
2 2070 T - [ eeemeees LI - Design 2a (w1=573 pm) . ]
3 . B 4 LI-Design 2b (w2=980 pm) 1
= L e i 05T 4
g 0T 7 g [ ]
& [ ] & [ ]
. 40_'_ 4| |— Full Thickness 1 = T 1
W | (O LI-Design 2a (w1=573 yum) ] € 0257 T - _
L s LI-Design 2b (w2=980 jtm) ] = - NS R
_50 LLIIIILJ!:AIIIIIIII}AIIIIIIIIIIII1‘I4II : “AA“ﬁAAéA’A‘ I -
0 5 10 15 20 25 30 35 40 0 IXIIJ‘IIIIIIIII’ILLI{IIII|IIIllllll)ll
Frequency [GHz] 0 s 10 15 20 25 30 35 40
Fr GH
@ equency, [GHz]
0T Fig. 9. Seven-section Butterworth filter design comparison between
3 conventional full-thickness and synthesized low-impedance (LI) designs 2a
[ (w/d = 3.82) and 2b {v/d = 6.53) on 250 m-thick silicon substrate.
= -107
= [
w r
S -20T 0+ -
= L [
g 50+ 10+ -
2 -30 X . N ] ) b
= [ ~—— Full thickness Aa, ] =
- [ ooremmnene LI-Design 2a (w1=573 pm) LYV © =20 -
-407 & LI-Design2b (w2=980 pm) ] e
F | | | | | ! ] ‘50-30 s —— |S11_FT Model -
ST T T e g +++0-+ |S21|_FT Model 1
5 10 15 20 25 30 35 40 -40 [S11{_pMach Model -
--------- [S21]_pMach Model |
Frequency [GHz] 50 T
- T 1 T 1 T
(b) 20 25 30 35 40 45 S0
. . ) . Frequency [GHz]
Fig. 8. Seven-section Butterworth filter design. (a) Return- and (b)

insertion-loss comparison of conventional full-thickness design and synthesized

low-impedance (LI) designs 2avfd = 3.82) and 2b v/d = 6.53) on Fig. 10. Seven-section Chebyshev filter response. Theoretical return

2504:m-thick silicon substrate. (S11) and insertion £21) loss of high-impedance filter design model on
full-thickness (FT) silicon substrate and on micromachineliéch) substrate
using Advanced Design System. See Table Il for dimensions.

“LI-Design 2b,” to shift to much lower frequencies (16.5 GHz)

as a result of an increase in primary capacitance.

Fig. 9 shows a comparison of the loss between the various
cromachined cases and indicates that a narrow-band peak nedr seven-section Chebyshev low-pass filter design is investi-
cutoff for the highw/d value (6.53) is due to the steeper slopgated using 15@ high-impedance lines for the inductive sec-
in the return-loss response. This steeper slope can be attributeds of theL-C circuit. As discussed in the design section, the
to an increase in the high-to-low-impedance ratio from 5 to 7iBpracticality of fabricating such high impedances resulted in
in the 13€) design, which has been confirmed by ADS simulasimulation data only of the reference design on the full-thick-
tions. A 10-dB improvement is also observed in Fig. 8(b) in theess silicon substrate. A similar ADS model has been devel-
rejection band compared to the 2Ddesigns. Therefore, reduc-oped for the micromachined design in which high-impedance
tion of the characteristic impedance in the capacitive sectiolitses are printed on locally reduced effective dielectric-constant
of L-C filter produces sharper rejection band edge in a low-passgions. The simulation results are shown in Fig. 10 for models,
design. where a lossless substrate is assumed with finite metallization

r%i'— Synthesized High-Impedance Design Results
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0 I - : y + 1
_-10
m F
=
D -20 ] .
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Fig. 11. Seven-section Chebyshev filter response. Total lbss|511]% —
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(w*1*h = 2000 x 4000 x 20 xm?®) underneath the filter
into the HFSS simulationproduced good agreement between
measurement and simulated results, thereby validating the real-
ization of the proposed design approach. The assembly issues
encountered in this study can be easily addressed today by using
a metal-to-metal bonding technique [8] to eliminate the air gap
between the two metal surfaces. In addition, vertical cavities
can be realized with the use of deep reactive-ion-etching
(DRIE) techniques [9]. Finally, this micromachining approach
shows promise for applications at much higher frequencies,
such as¥-band, where narrow conductor widths can result in
unacceptably high ohmic losses.

|521]?) calculations for the high-impedance filter design on full-thickness (FT)

and micromachined{Mach) substrate based on ADS simulations.

O—WU\rvvil'vu"’ ‘-"“i’”udo' ‘ I
10 J, o T
= e e 7 A N
5 4
» -20 T
=
£
§° -30 1 —— [S11]_Measured |
S cee+0=oe |S21]_Measured ]

-40 + |S11|_Simulation -
E e |S21|_Simulation
=50 T e
20 25 30 35 40 45 50
Frequency [GHz]

Fig. 12. Seven-section Chebyshev filter response. Measurement data

synthesized high-impedance filter design 26®-thick silicon substrate.

IV. CONCLUSIONS

A micromachined approach has been used to develop syn-
thesized substrates that extend the useful range of high- and
low-impedance microstrip values on high dielectric-constant
materials. We have realized various low-pass filter designs with
either reduced low-impedance or increased high-impedance
values on the synthesized substrate sections, and have observed
value improvements by a factor of 1.5. The micromachined
approach for reducing the low-impedance value has been
validated and best impedance improvements occur when
the full-thickness conductor width is maintained over the
micromachined substrate. Furthermore, in the filter response,
sharper rejection band edges have been achieved for increased
hfigh-to-low-impedance ratios by a factor of 1.5. In the mi-
cromachined approach for increasing the high-impedance

value, two primary advantages are observed: 1) reduction in
fabrication and design tolerances, which allow for practical

thickness (3.52:m). This reduced geometric effectiv_e diellecmc'realization and 2) reduction of ohmic losses as a result of
constant approach offers several advantages. First, it reduggs wider conducting lines. Successful realization of the

the geometric step-discontinuity ratio between the high- a

rF‘n‘?’gh—impedance filter design shows promise f@r-band

low-impedance sections from 416 in the impractical convenyjications, where small conductor dimensions can result in
tional design to seven in the micromachined one (see Table }hacceptably high losses. Finally, design and modeling of the
Second, the increase in conductor width for the simulated ni,ctures can be accomplished using commercially available

cromachined case, as seen in Fig. 11, shows substantially dgmputer-aided design (CAD) tools as well as finite-element
duced losses, at least 4 dB lower than the conventional desjgBinod (FEM)-based field simulation solvers.

primarily due to lower current density.

The realized micromachined filter design has the inductive
sections printed on a reduced effective dielectric-constant re-
gion localized at the positions of the air cavities (see Fig. 3).[1]
The air cavities are pyramidal in shape and have top and bottom
widths equal to 270 and 570n, respectively, for corresponding  [2]
lengths indicated in Table Il for the high-impedance filter de-
sign. From simulations, the filter response is observed to depends]
on the shape and size of the cavity. In test cases, the design filter
was simulated with vertical walls corresponding to either 270-
or 5704:m widths and were observed to have a 3-dB cutoff fre- [4]
quency shift from 30.5 to 42 GHz, respectively, as the volume
of the air space increased. This effect is important to the inter-[5]
pretation of measured data of the micromachined design.

The measured results of the synthesized filter shown in[6]
Fig. 12 indicated an upward shift in the 3-dB cutoff frequency.
This shift indicated that the air volume in the filter is larger [7]
than expected and is attributed a 20+ air gap introduced
during the application of the conducting epoxy during filter

REFERENCES

R. F. Drayton, S. Pacheco, J.-G. Yook, and L. Katehi, “Micromachined
filters on synthesized substrates,1EEE MTT-S Int. Microwave Symp.
Dig., 1998, pp. 1185-1188.

C. Personet al, “Ultra low-cost membrane technology for millimeter-
wave applications,” inEEE MTT-S Int. Microwave Symp. Djdl998,

pp. 1835-1838.

J.-G. Yook, N. Dib, and L. Katehi, “Characterization of high fre-
guency interconnects using finite difference time domain and finite
element methods,|IEEE Trans. Microwave Theory Teghvol. 42, pp.
1727-1736, Sept. 1994.

J.-G. Yook, D. Chen, J. Cheng, and L. Katehi, “Parallel electromagnetic
solvers for high frequency antenna and circuit design,” presented at the
DoD HPC 1998 User Group Conf., Houston, TX, June 1-5, 1998.

M. Kirschning, M. Jansen, and R. H. Koster, “Accurate model for
open end effect of microstrip linesElectron. Lett, vol. 17, no. 3, pp.
123-125, Feb. 1981.

K. E. Bean, “Anisotropic etching of siliconfEEE Trans. Electron De-
vices vol. ED-25, pp. 1185-1193, Oct. 1978.

R. B. Marks, “A multiline method of network analyzer calibration,”
IEEE Trans. Microwave Theory Teghiol. 39, pp. 1205-1215, July
1991.

assembly. Inclusion of this additional thin air—-space volumeHFSS, Ansoft Corporation, version 6.0, Pittsburgh, PA.



314 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 2, FEBRUARY 2001

[8] K. J. Herrick, “W-band three dimensional integrated circuits utilizing Jong-Gwan Yook (S'89—-M'89) was born in Korea.
silicon micromachining,” Ph.D. dissertation, Dept. Elect. Eng. Compu He received the B.S. and M.S. degrees in electronics
Sci., Univ. Michigan at Ann Arbor, Ann Arbor, MI, 2000. engineering from Yonsei University, Seoul, Korea, in

[9] E. H. Klaasenet al,, “Silicon fusion bonding and deep reactive ion - - 1987 and 1989, respectively, and the Ph.D. degree
etching: A new technology for microstructures,” ifiransducers s from The University of Michigan at Ann Arbor, in
‘95/Eurosens. IX Tech. Digvol. 1, Stockholm, Sweden, June 25-29, P | 1996.

1995, pp. 556-559. === He is currently an Assistant Professor at Yonsei

. interests are in the area of theoretical/numerical
. , , . ‘ F electromagnetic modeling and characterization
Rhonda Franklin Drayton (S'85-M90) received of microwave/millimeter-wave circuits and com-
the B.S. degree in electrical engineering from Texa§gnents, very large scale integration (VLSI) and monolithic-microwave
A&M University, College Station, in 1988, and iyteqrated-circuit (MMIC) interconnects, and RF MEMS devices using
the M.S. and Ph.D. degrees from The Universityrequency- and time-domain full-wave methods, and development of numerical
of Michigan at Ann Arbor, in 1990 and 1995, {echniques for analysis and design of high-speed high-frequency circuits

respectively. ) with emphasis on parallel/super computing and wireless communication
In 1998, she joined the Electrical and Computepyyjications.

Engineering Department, University of Minnesota,
as an Assistant Professor. From 1996 to 1998,
she was an Assistant Professor in the Electrical
Engineering and Computer Science Department,

University of lllinois at Chicago. Her main research interests are in the areanf]da P. B. Katehi (S'81-M'84—SM'89—F'95) received the B.S.E.E. degree

design, fabrication, and testing of high-frequency planar circuits and antengasy, the National Technical University of Athens, Athens, Greece, in 1977,

using silicon micromachining. She is also interested in advanced packagg}qj the M.S.E.E. and Ph.D. degrees from the University of California at Los

and interconnect design for microwave/millimeter-wave and RF photonjg, eles, in 1981 and 1984, respectively.
applications. She has co-authored over 25 refereed publications and haj september 1984, she joined the faculty of the Electrical Engineering and
contributed to several book chapters. ) ) Computer Science Department, The University of Michigan at Ann Arbor, as
Dr. Drayton was the recipient of the 1994 First Prize for the Best Studenf assistant Professor, and then became an Associate Professor in 1989 and
Paper presented at the IEEE Microwave Theory and Techniques Society (IE5Gtessor in 1994. She has served in many administrative positions, including
MTT-S) International Microwave Symposium. In 1998, she was the recipient gfirector of Graduate Programs, College of Engineering (1995-1996), Elected
a CAREER Award and Presidential Early Career Award for Scientist and Engjramper of the College Executive Committee (1996-1998), Associate Dean for
neers from the National Science Foundation and the White House, respectivglaqate Education (1998-1999), and Associate Dean for Academic Affairs
(since September 1999). She has authored or co-authored 410 papers published
in refereed journals and symposia proceedings and she holds four U.S. patents.

Sergio Palma Pachecovas born in Salvador, Bahia, Brazil on November 225h€ has also generated 20 Ph.D. students. ) )
1969. He received the B.S.E.Eum laudg¢ and M.S.E.E. degrees from Auburn Dr. Katehi is a member_ of the IEEE Antennas and_ Propagan_on Society
University, Auburn, AL, in 1993 and 1995, respectively, and is currenti{/EEE AP-S), the IEEE Microwave Theory and Techniques Society (IEEE
working toward the Ph.D. degree at the University of Michigan at Ann Arbor MTT-S), Sigma Xi, Hybrid Microelectronics, and URSI Commission D. She

His interests are in the implementation of microelectromechanical systel}{as & member of the AP-S AdCom (1992-1995). She is an associate editor for

(MEMS) in microwave and millimeter-wave circuits for wireless applications 1€ IEEE TRANSACTIONS ONMICROWAVE THEORY AND TECHNIQUESand the
E TRANSACTIONS ONANTENNAS AND PROPAGATION. She was the recipient

Mr. Pacheco is a member of Omicron Delta Kappa, Eta Kappa Nu, and ’ )
Beta Pi. He was the recipient of a Judge’s Award at the Student Paper C@ththe 1984 IEEE AP-S W. P. King (Best Paper Award for a Young Engineer),

petition presented the 1998 IEEE Microwave Theory and Techniques Socid§ 1985 IEEE AP-S S. A. Schelkunoff Award (Best Paper Award), the 1987
(IEEE MTT-S) International Microwave Symposium. National Science Foundation Presidential Young Investigator Award, the 1987

URSI Booker Award, the 1994 Humboldt Research Award, the 1994 University

of Michigan Faculty Recognition Award, the 1996 IEEE MTT-S Microwave

Prize, the 1997 International Microelectronics and Packaging Society (IMAPS)
Jianei Wang, photograph and biography not available at time of publication. Best Paper Award, and the 2000 IEEE Third Millennium Medal.

ﬂfll-.i. University, Seoul, Korea. His main research




	MTT023
	Return to Contents


