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Short Papers

Efficient FDTD Analysis of Conductor-Backed CPW'’s ;;x
with Reduced Leakage Loss
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Abstract—L_eakage loss of the conductor-backed coplanar waveguide Fig. 1. CBCPW and coordinate system for the analysis.
(CBCPW) is analyzed by using a novel hybrid two-dimensional finite-
difference time-domain/Marquardt curve-fitting technique. The validity
and high accuracy of the method is confirmed by comparison with other T T T

experimental and theoretical results. A modified CBCPW structure with =
a substrate groove in the backside is proposed, which shows over eight D
times smaller leakage loss than a normal CBCPW. <
o

Index Terms—CBCPW, grooving substrate, leakage loss. =~

|. INTRODUCTION

—2D-FDTD
The coplanar waveguide (CPW) is a fundamental and important Curve Fitting
element for microwave integrated circuits (MIC’s) and monolithic
microwave integrated circuits (MMIC’s) due to its ease for mounting
active devices and its compatibility with the flip-chip technology.
Although the original CPW structure [1] has a substrate withotig. 2. Time oscillation of E, at the observation point placed on the
any metallization on the backside, in most practical applications, tR@nter of the middle strip of CBCPW obtained by the 2D-FDTD code and
substrate is backed with conducting material. The conductor—bacl@é’rﬂv_e'?g'gg ;ﬁ‘éhg“fj%(%%erg = 96 um, w =120 pm, b = 100 pm,
CPW (CBCPW) loses its modal power into leaky waves [2]. T B '

In this paper, the leakage loss of a CBCPW is analyzed by using
a novel algorithm that combines two-dimensional finite-differencehosen asAz = 20.0 pm and Ay = 24.0 pum, respectively. In
time-domain (2D-FDTD) full-wave analysis [3], [4] with Marquardt'sthis simulation, 60 and 173 cells are used ferand y-directions,
curve-fitting technique [5]. This hybrid scheme is very efficient antespectively. For the-direction, the FDTD grid is truncated by the
gives accurate results compared to conventional three-dimensiopedfect matched layer (PML) [8] with ten-cell thickness and a fourth-
finite-difference time-domain (3D-FDTD) analysis or the Prony'srder spatial polynomial for its conductivity profile. On the top and
method [6], especially for structures where a single dominant mo@ettom surfaces, Mur’s absorbing boundary conditions (ABC's) [9]
is involved. It is also extremely general and can be applied to tiage applied. Fig. 2 shows the time variation of the normal component
analysis of microwave and millimeter-wave circuits with arbitrary, at the observation point placed at the center of the middle strip,
cross sections. A potentially low-leakage loss CBCPW structure witrresponding to a predefined propagation constant3000. Since
modification of the substrate shape has been analyzed using thiy one dominant mode is supported in this CBCPW structure within
novel numerical technique. By introducing a substrate groove in thige frequency range of our interest, we can accurately determine the
backside, a substantial reduction in leakage loss compared to a normatial frequencyf and the time-domain attenuation constantby
CBCPW has been demonstrated in simulations. applying the Marquardt's curve-fitting scheme as follows:
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Il. CBCPW AND LEAKAGE LOSS ANALYSIS E,(t) = Aexp(—aqut)sin(27 ft + B) (1)

The structure of the CBCPW investigated in this paper is i”us""’m?/%ere the coefficientd andB correspond to the initial amplitude and

in Fig. 1, together with the coordinate system. It is assumed tlm; : : :
o . o ase ofE,, respectively. Although (1) is only applicable to the case
the CBCPW has an infinite extension toward thg-direction. The of single mode, it can be readily extended to the guided-mode analysis

substrate used in this paper is GaAs with= 12.9 andh = 100 um. for multimode structures by using simple superposition. The major

Other param_eters are = 12.0 pm andg = 96 pm [7]. A perfect_ difference with the well-known Prony’s method is that real functions
conductor with negligible thickness has been assumed here sincg

. Ik that th tion | in the CBCPW is dominat F{g used here instead of the superposition of complex exponentials in
IS well known that the propagation 1oss n the IS dominatefle |atter [6]. This not only makes the fitting procedure much simpler
by leakage loss into the parallel-plate mode.

d more efficient numerically, but also presents better compatibility

) . - . a
Flrst, the time varlathns of the electromagnetic flglds are calcula h FDTD since the time-signak, usually takes a real value in
using a 2D-FDTD algorithm [3], [4]. The FDTD cell sizes are selecte ctual simulations

mainly to discretize the structure as accurately as possible and a'%able | shows numerical results of, and # fitted for various
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TABLE | 9. : . : . ; . ;
CURVE-FITTING FACTORS AND ATTENUATION CONSTANTS OF TIME SIGNAL ON [
THE CENTER OF THEMIDDLE STRIP OF THE CBCPW, WHERE PROPAGATION

CONSTANTS ARE CHOSEN AS 3 = 500-7000 BN >
8 2nf / o a | /(GHz) i
(rad./sec) | (GHz) | (l/sec) | (dB/mm)| [FFT] 587 1
500 | 5.234E+10 8.330 | 2.361E+05 0.020 8.6 E ]
1000 | 1045E+11| 16.639 [ 9.748E+05 |  0.081 168 g ° Hybrid Method 1
1500 | 1.565E+11 24908 | 2.205E+06 0.184 250 [ ° FFT ]
2000 | 2.082E+11 33.138 | 3.816E+06 0.318 333 [ ]
2500 | 2.594E+11] 41283 | 5.683E106]  0.476 414 75—y ——4p 60 80 100
3000 | 3.099E+11 49,321 | 8.248E+06 0.694 49.4 f(GHz)
3500 | 3.604E+11 57.357 | 1.068E+07 0.901 57.5
4000 | 4 101E+11 65266 | 1 328E+07 1.125 654 Fig. 4. FreqL_Jency dispersion c_haracteristics (gffective permittivities) of
4500 | 4 590E+11 73.054 | 1.635E407 1392 31 CBCPW obtained by the conventional FFT technique and hybrid method.
5000 | 5.078E+11 80.820 | 1.977E+07 1.690 80.9
5500 | 5.563E+11| 88.546 | 2.293E+07 1.969 88.8 e —
6000 | 6.041E+11 96.144 | 2.592E+07 2.236 96.4 — 1 |
6500 | 6.511E+11 | 103.632 | 2.905E+07 2.519 103.6 =)
7000 | 6.978E+11 | 111.051 | 3.226E+07 2811 110.8 <0
:}
T T T EL 7
| < e w g £ =3000
i
T+ opFDID ] T — ]
| 3D-FDTD
Measurement [7]
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Fig. 5. Time oscillation ofE, at the observation point on the center of the
middle strip of CBCPW with a groove whetg = 60 pm andZ = 984 pm.
The other parameters are the same as Fig. 2.
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Fig. 3. Space-domain attenuation constants of conventional CBCPW as a —0— L504 gm: 60um
function of frequency. o —A— 744 ym: 60um i
— —O0— 984 ym: 60um
£ X 984 ym: 40pm
£ —®— 10 groove
Meanwhile, since the dominant CBCPW is quasi-TEM in nature, a
we can calculate the space-domain attenuation constafitom the hagyis
curve-fitted time-domain attenuation constantusing the following 8
relation [6]:
as = ae3/2mf. (2 0 30 100 150

Fig. 3 plots the space-domain attenuation constant, as listed in
Table I, as well as those calculated by the conventional 3D-FDTiBg. 6. Space-domain attenuation constants of CBCPW with grooving sub-
method as a function of frequency. For comparison, the measufé@te.
data and numerical results by spectral-domain analysis (SDA) [7]
are also shown in the same figure. Very good agreement betweenihg

results obtained by the hybrid 2D-FDTD/Marquardt method and thoaggﬁiign4 :nrg ?;:I%;slofﬁ ;ngﬁg:fyaétgtg?:;gnb;:/otrr]f:al\r/]lgrr(;Ltjgfdstpc?lfr(\a/e

by other experimental and theoretical approaches has been obtai%ﬁmg are 0.16 dB/mm and 75.2 GHz, respectively. For comparison

confirming _the V.a"d'ty and accuracy of this new s_cheme. . _the frequency estimated by using the FFT is 75.3 GHz. At this
Meanwhile, Fig. 4 shows the frequency-dispersion characterist f8quency, the proposed CBCPW with a grooved substrate can reduce
of the CBCPW. The two dispersion curves obtained by using d Y prop 9

conventional fast Fourier transform (FFT) and the hybrid methotge Ieakagg loss by over eight tlm_es corr_1pared_ o a (?onventlonal
agree very well, confirming once again the high accuracy of tfg BCPW with the same cross-sectlonal_ dimensions. Fig. 6 shows
' Re frequency dependence of attenuation constants of CBCPW's
proposed scheme. . . ;
with various groove lengths, as well as that of a conventional
CBCPW. The effect of grooving deptth{ = 60 and 40 xm) on
ll. NoveL CBCPWwITH REDUCED-LEAKAGE LOSs attenuation is also shown for the caselof 984 um. As expected,
Using this new 2D-FDTD algorithm, we have simulated a poterthe attenuation constant drops radically with the introduction of
tially low-leakage-loss CBCPW with a groove on the backside, dse groove, and decreases slightly when the groove lethhis
shown in the inset of Fig. 5. The dimensions are assumed the sam@eased. Meanwhile, the grooving depth;) is found to have
as that of the CBCPW in Fig. 2, except the grooving widtrend less significant influence on the line loss as long as it is chosen
depthh, . Fig. 5 also plots the time variation @, at the observation to be around half of the substrate thickness. These results indicate
point placed at the center of the middle strip, corresponding tbat by modifying the substrate geometry using techniques such as
the case of3 = 3000, where the dimension of the groove isbackside etching or micromachining, we can design low-loss CBCPW
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structures to improve the performance of millimeter-wave MIC’s and
MMIC’s. Alternative groove geometries, as well as their optimal
dimensions for minimum leakage loss in CBCPW structures, Wi||[1]
be investigated in the future. 2]

IV. CONCLUSIONS [3]

Power leakage characteristics of CBCPW's are studied with a
novel hybrid 2D-FDTD/Marquardt curve-fitting technique. Attenu- [4]
ation constants obtained by this scheme agree well with independent
theoretical and experimental results. This method is much faster th?ﬁﬁ
direct 3D-FDTD and more compatible with FDTD than the Prony’s
method, and can be readily applied to a wide range of microwave
structures with arbitrary cross sections. Finally, a modified CBCPW®]
structure with reduced leakage loss is proposed and analyzed. Nu-
merical simulations indicate that the power decay in the CBCPW
can be reduced significantly by introducing a substrate groove on its
backside. [71
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