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A CPW T-Resonator Technique for Electrical
Characterization of Microwave Substrates

Rebecca Lorenz Petersdstudent Member, IEE&nd Rhonda Franklin DraytoiMember, IEEE

Abstract—An impedance independent method is proposed using Port Port
a finite ground coplanar waveguide (CPW) T-resonator to electri-
cally characterize microwave materials. Silicon-based CPW T-res-
onators are designed and measured, with calibrated data agreeing
well with other methods up to 30 GHz. Uncalibrated measurements
produce dielectric constant and attenuation results within 3.7%
and 25%, respectively, of those obtained with calibration. Hence,
the CPW T-resonator can be used to provide rapid and accurate
characterization of microwave substrates with unknown dielectric
properties.

Index Terms—Coplanar waveguide, dielectric constant, res-
onators, semiconductor material measurements.

|I. INTRODUCTION

HE MICROSTRIP T-resonator technique [1] allows quiclfig. 1. Layout of a CPW T-resonator (not to scale).
and accurate electrical characterization of microwave sub-

strates up to 20 GHz [2]. The primary advantages of this tech-
P [2] P y g Zsents well-defined resonances. Under low loss conditions,
th

nique over others are a) easy implementation and testin ,p6 h
] ) y 1P g resonant frequencgy,,) and 3 dB bandwidtlBW,,) around

broadband results, and c) calibration independence of data. . . . .
Two important factors, however, limit the applicability of theeach resonance point can be used to extract effective dielectric

microstrip T-resonator to novel substrates. First, effective dionst@nteeyy, ») and total attenuatiofuio, ), according to
electric constanfe. ;) is a strong function of line impedance

2
and thus of line dimensions and substrate height. Hence, its Eeffim = < n-c ) 1)
use is hindered on substrates with unknown dielectric constant. ’ 4 Lous - fn
Second, the microstrip con_figura?ion cannot be easily imple- 7 -n-BW, dB
mented on all substrates since via holes may be necessary to Qtot,n =8.686 - 77— 7. | Tength )

transfer ground signals to the lower substrate surface. This is

particularly true in assessment of novel materials such as por@userer is the resonance index (= 1, 3, 5, ...) ¢ is the speed
silicon [3], [4] that form an integrated layer on the host substrate light in vacuum and_,,,,; is the effective physical length of
silicon. A coplanar waveguide (CPW) T-resonator approach cgie resonating stub.

be used to overcome both of these issues since the effective digsing Hoffman’s equations [5] and finite ground coplanar

electric constant has weak impedance dependence and all Ggaveguide techniques [6], 50 test circuits are designed with

ductors are printed on one surface. signal line(S), gap(W), and ground planés,) widths of 94,
53, and 400um, respectively, on silicons{ s; = 11.7). Gap
Il. DESIGN AND FABRICATION spacing at the stub open end and feed line ends is algarb3

At odd quarter-wavelengths, a standing wave distribution ex€ T-resonator layout, shown in Fig. 1, has stiib,.;) and

ists along the open-circuited T-resonator stub (see Fig. 1) df§d €Nt Lyeea) of 1.0 cm and 0.2 cm, respectively. Al
circuits are printed on high resistivity silicon wafers [n-type

(100), >200092-cm, 525.m thick] with an evaporated Ti/Au
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Fig. 2. MagnitudeSs; response of a wire bonded CPW T-resonator Witlkig. 4. MagnitudeS., of a wire bonded CPW T-resonator with 0.84 AR

S-W-5, = 94-53-40Q:m, measured with an LRM calibration.

(solid line) measured with an LRM calibration. The solid triandlas indicate
resonant frequency locations for a wire bonded 0.47 AR CPW T-resonator (see
Fig. 2 for complete response).

+4
0
-5 \\!/\\\/v\ C. Impedance Independence
g 10H i \/"‘\ - Effective dielectric constarie. ;) is a function of CPW as-
2 -15 A pectratio (AR= S/(S +2W)) and is computed using a two-di-
:,_;’" -20 T 7R mensional simulation of the transmission line cross section.
-25 v“vA-\ ,ﬂ The observed variation ia. s is less than 5% from its peak
-30 v value (at 50) for AR between 0.04 and 0.93.
-35 The measuredsy; response of wire bonded T-resonators
-40 1=0 2=0 3=0 .4=0 20 is plotted in Fig. 4 for aspect ratios of 0.47 and 0.84 with
Frequency (GHz) corresponding line dimensionsS{W-5,) of 94-53-400

and 167-17-40Q:m, respectively. Note that only resonant
Fig. 3. MagnitudeS,; response of a wire bonded CPW T-resonator witlfrequency points are indicated for the 0.47 AR design since full
S-W=5, = 94-53-400:m, measured with no calibration. data is presented in Fig. 2. Resonant frequencies agree within
3.4% across the band and 3 dB bandwidths agree within a factor
A. Odd Mode Suppression for CPW T-Resonators of 2.4. This i_s _excellent agreement given the _Iarge difference in
) characteristic impedance values. Simulated impedances for the
Coplanar waveguide structures can support both the desife@7 and 0.84 AR lines are 48 and 2With effective dielectric
even as well as the undesired odd mode. Unfortunately, discQBnstants of 6.16 and 6.04, respectively. The lower effective
tinuities like the CPW T-junction increase the excitation of thgia|ectric constant of the 2Q T-resonator causes the resonant

latter mode (7], requiring wire bonds to short opposing grounghquency spacing to broaden slightly, as can be seen in Fig. 4.
planes at the junction for odd mode suppression.

Bgfore bquing, only the first three resonance points age £ trocted Electrical Properties
easily identifiable. Above 20 GHz, parasitic modes obscure i . .
the resonant behaviof-parameter data measured after gold USing equations (1) and (2), the electrical properties of the
wire bonding are plotted in Fig. 2. The response is noticeatflf3¢: Sample can be calculated. The valuegf; (excluding the
improved, with visible resonance values through 50 GH@west frequency point)is 6.18 0.11 and attenuatiofu,.) is

(the anomaly around 34 GHz shows response sensitivity }$4 dB/cm at 27.2 GHz. In Fig. 5, T-resonator results are com-

other modes induced or uncompensated by the wire bond¥gred with simulated values as shown in footnote 1 and mea-

The resonant frequencies in both cases agree within 2.894red data from the through-line-reflect (TRL) calibration soft-
indicating that the wire bonds suppress parasitic modes up'{8'e MultiCat [8] for identically dimensioned calibration stan-

30 GHz without significantly changing the resonator responsg@rds on the same substrate. _
Below 30 GHz, the T-resonator results agree well with the

other methods. Above this frequency, the measured resonator
) ) attenuation increases sharply ang; begins to exhibit per-

For comparison, the uncalibrated response of the same Wiighed hehavior, indicating that the T-junction no longer sup-
bonded T-resonator is shown in Fig. 3. When resonance vallrlﬁﬁts single-mode propagation. These perturbations can be sup-

are extracted fronfz; data using an ANSI C program, the LRMpressed by using higher quality bonds (e.g., airbridges [7]) to
and uncalibrated resonant frequencies agree within 1.8% anddlg.ng the frequency band.

bandwidths within 23% across the entire frequency band. Corre-

sponding percentage errors in the calculated effective dielectri(l: 120 E on 2 L bittshurah. PA: Ansoft
constant and attenuation are 3.7% and 25%, respectively. T%ﬂtm"e xiractor, version 2.0.63 (1999). Pittsburgh, PA: Ansoft Cor-
the T-resonator supplies reliable electrical property data regartbg g marks and D. F. Williams, Program MultiCal revision 1.00 (Aug.

less of the presence or quality of calibration. 1995). Boulder, CO: National Institute of Standards and Technology (NIST).

B. Calibration Independence
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e 70 ' ' - - resonator is easy to implement, can provide correct data on
2 g-g T-resonator substrates of unknown dielectric constant, and is calibration
§ 6.4.JLe 2D Simulation / and largely impedance independent up to 30 GHz with simple
o 6'2- / Cf wire bonds. The application of the CPW configuration to the
= . © \d . . .
B 6.0 o * : : T-resonator technigue offers a quick and effective method
g 5.8 [ to characterize novel laminates, thin films, ceramics, and
o 5.6 - / semiconductor substrates for microwave circuit applications.
2 54 MultiCal output
5 5.
L 52
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