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Analysis of Shielded Membrane Microstrip Line
Using the Finite-Difference Time-Domain Method

Yun Kwon Nam, Member, |EEE, and Dong Chul Park, Member, IEEE

Abstract—A simpleand efficient analysismethod of the shielded
membrane microstrip (SMM) line using thefinite-differencetime-
domain (FDTD) method ispresented. New FDTD equationsarede-
rived using the contour path FDTD concept for the Yee cell which
contains three thin dielectric sheets of membrane. The character-
istic impedance and the effective dielectric constant of the SMM
lineare calculated using our proposed method. Our method isval-
idated by comparison with the results shown in [1].

Index Terms—Finite-difference time-domain (FDTD), shielded
membrane microstrip (SMM).

I. INTRODUCTION

O FAR, the passive components for many millimeter-wave
Ssystems are made of waveguides, but waveguides suffer
from high production costs and bulky systems. In order to avoid
these drawbacks, the membrane-supported transmission lines,
which are made by bulk micromachining, have been studied
[1], [2]. The SMM line is one of the typical membrane sup-
ported transmission lines and its structure is shown in Fig. 1.
The thickness of the membrane, which mechanically supports
the signal line, is very small compared with other dimensions
of the SMM line. Therefore, if the ordinary FDTD method is
applied to the analysis of the SMM line, the large storage and
long computational time will be required. To overcome these
difficulties, in [1], the effects of the dielectric membrane for the
SMM lineanalysisaresimulated by introducing ten-times’ thick
single-layer membrane instead of the original one. In this|etter,
new FDTD equations are derived using the contour path FDTD
concept used in [3] and [4] for Yee cells which contain three
original thin dielectric sheets of membrane as shown in Fig. 2.
These derived equations are then applied to calculate the SMM
line characteristics having the original dimensionsof the 3-layer
thin membrane. This calculation requires neither large storage
nor long computational time, because the spatial increment can
be much larger than the thickness of the membrane by adopting
our proposed equations in FDTD calculations.

II. DERIVATION OF NEW FDTD EQUATIONS

New equations to advance the electric and magnetic fieldsin
the Yee cell which contains three thin dielectric sheets are
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Fig. 1.  Structure of the SMM line.
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Fig. 2. Yeecelswhich contain threethin dielectric sheets: (a) electric cell; (b)
magnetic cell.

derived from the integral form of Maxwell’s equations:
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Equations (1) and (2) assume that there are no electric or mag-
netic losses because a SMM line is nearly dielectric-loss free
and has no magnetic materials.

Fig. 3 shows two-dimensional cuts of Yee cells containing
three thin dielectric sheets of thickness d,, and permittivity
en(er neo) Wheren = 1, 2, 3, respectively. In these cells, the
electric flux density component normal to sheets, D, (=¢, E.,),
the norma component of the magnetic field, H,, and the
tangential components of the field, such as H,, H., F,, and
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Fig. 3. Two-dimensional cuts of Yee cells containing three thin dielectric
sheets: (a) E.; (b) H..

E., are continuous across the material boundaries according
to the boundary conditions for dielectric materials. The line
integrals are performed assuming that the field (including the
electric flux density) is constant on the segments of the contour,
and the surface integrals are performed assuming that the field
is constant over the area of integration. The time derivative
is ssimply approximated by a finite difference. Applying these
conditions to (1) and (2), update equations for E, and H_ are
obtained as follows:
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where

ernf=(1—R+e1R1 + &, 2Ry + 2, 3R3),
pirng =(1— R+ Ri/en1+ Ra/ey o+ Rafer 3),
R=R; 4+ Ry + Rs, Ry = di/Az,
Ry =dy/Ax, Rs = d3/Ax,
EI} ; » =E(iAz, jAy, kAz, nAt).

Update equations for the £, and H,, are obtained in a similar
manner:

At
E ML —F, _—
y[v,,],k [z S0k 51’, nfEOAZ
) [H [n+1/2 _ [n+1/2 }_ At
Tli, g, k+1/2 *li, j, k—1/2 er nfE0AT
n—|—1/2 n—|—1/2
) [HZ[1‘+1/2 ik HZ[ifl/Q,j,k:| ©)
n+1/2 _ op - 1/2 At
Hy|; 7" =Hyli 0 +N Ar [E liv1y2, 0= E=li1 /2, 4.1 }
for, nf O n
- W |: W[z L, k+1/2 T EW[i,j,k—1/2:| . (6)

Lastly, update equationsfor the £,. and H,. are the same asthat
for ordinary Yee cellswhich do not contain any diel ectric sheets.

These new equations can be easily used together with the ex-
isting absorbing boundary condition (ABC) because these are
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Fig. 4. Characteristic impedances of the SMM line.
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Fig. 5. Characteristic impedances of the SMM line.

similar in form to the normal FDTD equations, as shown ear-
lier.

I1l. RESULTS AND COMPARISON

By using the FDTD method with the derived new equations,
the characteristic impedance and the effective dielectric con-
stant of the SMM line are calculated. The dimensions of the
SMM line are shown in Fig. 1. The width of signal line (w) is
120 pxm, and the thickness of each dielectric sheetis0.4 um (dy),
0.3 um (d2), and 0.7 zm (d3), and the dielectric constant is 4.0
(6r1), 7.5 (1, 2), and 4.0 (&, 3), respectively. For the purpose
of checking the stability of new equations and finding out the
optimum grid condition, three cases of spatial grid are applied
such as Az = 5 um, 10 xm, and 20 pm. On the other hand,
Ay =20 ppmand Az = 20 um are used al thetime. As shown
in Fig. 4, the calculated results converge to afixed value as Az
decreases. According to this convergence, it is evident that new
equations are stableand Az = 5 ymisan optimum grid condi-
tion. Therefore, Az = 5 pm is used in the calculations below.
InFig. 5, the characteristic impedance cal culated by our method
is compared with the result computed by the method proposed
in [1]. In [1], they considered a single dielectric sheet whose
thickness was 15 ym and dielectric constant was 1.1 in order
to approximate their origina three-layer membrane structure.
We applied the same grid sizes as we used above to their sim-
plified structure to check the final results. Two values differ by
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Fig. 6. Effective dielectric constants of the SMM line.

less than 2 2. The calculated and measured effective dielectric
constants are shown in Fig. 6. Our calculated value is close to
the measured valuein [1]. These results prove that our proposed
method is useful.
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IV. CONCLUSION

For asimple and efficient analysis method of the SMM line,
new FDTD equations have been derived using the contour path
FDTD concept for the Yee cell which containsthreethin dielec-
tric sheets. By using these new FDTD equations, the character-
isticimpedance and the effective diel ectric constant of the SMM
line have been calculated. Our proposed method has been vali-
dated by comparison with the results shown in [1].
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