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[rn this project, we study 1he interference on
coplanar lines and microstrip lines caused by an
incident plane wave by calculating the induced
current on their surfaces. lotegeal equations in
terms of the induced currents are formulated.
P solved by applyviog method of moments.
ol the TM and TE polarized plane waves in-
cident from directions aligned and prependicular
Lo the transmission lines are considered. The dis-
tributions of induced currents on the transmis-
sion lines with different geometrical parameters
are presented . The induced current distributions
incor nedse on the transmission lines and deceri-
arnte signal integrity significantlv. [lenee, they
shoudd e considered in the design phase.

1 Introduction

Claptanar Tiees are aselol o MEC ancd MNIC de-
gien wher cornponem s can be casile imounied

withou! wsing vias,  The seattering problems
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of coplanar lines and similar transmisgion lines
Fave B s neliedd by using integral equations of
Sonnreerfeld-type (1], In (2], the scattering prop-
erties of a single surip or coplanar strips are in-
vestigated by combining the Fourier transform
with singular integral equation methods. In |3]
the scattering problem of 8 symmetric double-
atrip grating 15 solved by deriving & Carlemen’s
integeal equalion and a Cauchy-type singular in-
tegral oo,

Coplanar lines are aseful component for mi-
crowave cireuils for 1he ease of fabrication and
no eed for vias,  Poe o sbe reduction of in-
tegratet] circuits, coupling between neighboring
lines cansed by external feld becomes more seri-
ous. The corrent induced on the vietim lines may
lead to o mallunction in the connected loads,
Hence, 11 is imporiant to analyze the induced
currenis o the coplanar lines.

Ly this paper. four situations associated with
cdifferem incident divections and plane wave po-
larizations are formuolated. Referring wo Figure
1, they are (1) T'M-polarized wave incident in a
direction aligned with the coplanar lines (in the
rz-plane ), [2) TE-polarized wave incident in a
direction perpendicular 1o the coplanar lines [in
the z-plane 1. 03 TE-polarized wave incident in
a direction alizned with the coplanar lines {in the
wa-plane |oand (4) TM-polarized wave incident
i & elirection perpendicular to the coplanar lines
(in the ze-plane }. Both single steip line and two
coplanar lines are considered. The variation of
incluced corrents with different parameters such
as frecuency, incident angle, strip width, strip
seperation. and sobstrate disleciric constant ane
antrlyaed,



2  Solution Procedure

Figire | shewes a plaoe wave eicdent apon (e
coplanar lines which are laid along (he g diree-
tion. A plane wave is defined to Tave an aligned
incidence when the wave number veetor is in the
irz plane, and is defined to have a side incidence
when its wave nurmber vector is in the zz plane.
The field components inesch region can be ox-
pressed as integrals in the spectral domain plus
the incident and rellected plane waves. Applving
the houndary conditions that (1) Hpe = Hye
Kg,l:- Hﬂ'!.l - ngr —M Bor = Bz Eﬂp.l = E!y
at 7 = 0, and (2) £y = Fag, By = Fay, Hir =
Hyro Hyy = Hay at 5 = 0. the feld coefficients
insidde the integrals can be espressed o rerme of
the surface corrent coefficients, hnpose the hst
bt the tangentinl electrie
fields vanish on the coplapar line sarface o olb-

Fronaraelary coneition o
tain two coupled imtegral equations. To solw
the integral equations by using method of no-
ments, first chooee set2 of basis function: Lo ex-
pand the surface currents, then subatitute 1hese
expansions into the integral equations.  Next,
chose the same so1s ol basis et ions as weight-
ing funetions, then take the inner procdoct of each
weighting function with the integral equations 1o
ohtain & matrix equation,

The curvent distribotion is obtained by solv.
ing this matrix equation.  For the microstrip
structure which has a ground plane, the fields in
layer [2) wanish, and the continuing conditions
Al —iy i5 replaced by the condition vl
the tangenial elecirie Reld components vanish
|"i|.

The other three situations are formulated in
similar manners.
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3 Results and Discussions

The inclueod corrent is normalized with respes
Lo Ll enagnitudde of the ineident magnetie Gelbd
(M) in all the cpses. Wi have verified Lhe paoeu-
racy of our approach by comparing results in [1],
ane the results matched reasonably well.
Figire 2 shows the total induced currents as a
function of strip widith when the incident angle

i 10AY wraring,
he o,

Near sraxing meidence, both
and , components dodoced by the TM
teslerare close v those an normal incidence. The
mwagninelo el he d o component indeced by the
TS waae 8 abonn 1wo onder smaller at grazing
incidence,

For the side-incidence TE wave, the [, com-
ponent is induced by the combined electiric field
comsisting of the incident and the reflected waves.
li the absencr of the strips, the combined feld
has s standing wave form which is zero a1 the
ground plane.  The piteh of the field patiern
in the & direction i3 much small at normal inei-
dence than at grazing incidence. Thus, the Held
strength on the position of strip surface when
tue =irip b5 absent is much smaller sl normal
inciclenee hen a1 erasing incidence, so ame the
indnced suefaee correms,

P tlwe TAD wases at normal incidence, both
the incidlent and the reflected fielkd COTLpROnEnts
are large compared with those at grazing ine-
dence, anel e cancellation of these two compo-
venls renders thie total electrie field to be about
the zame at normal anegd grazing incidences.

I ther absence of ground plane, the reflected
wave by the substeate s much simaller than Lhe
incident wave. For the side-incidence TE wave,
the &, component observed at the sirip position
is almost the same either at normal incidence ar
grazing incidence. For the aligned-incidence of
TM polarization. the E, eomponent at normal
ineidenes = moch larger than that at seazing in-
cidence, =0 is the ndoced f; component. By 1he
sarme argnment. the fy component indoced by
the altaned-incidence TF wave is insensitive Lo
the inciclent angle, whibe the f; CONponenl in-
cuced by 1he side-incidence TM wave is abou
ome order smaller at grazing incidence than at
normal ineicenee.

Next, consider the structure with two identical
eoplanar Tines. The total indueed carrent can be
separated into Lwoomodes. One s Che common-
mode current defined as £. — (fg 4 1)/2. and the
other is the differential-mode current defined as
Ig = (g — 1)/ 2 where fy and {7 are the wotal in-
duced currents on the left-strip and right-scrip.
respectivelyv. Notice that the common-mode cur-



rent will reradiate and create interference Lo
neighboring circuitries, but the differential-mode
current tends to be guided along the strips.

Figure 3 shows the 1otal induced currents 1,
with a sice-ineidenee TX plane wave. [t is oh-
served that the common-mode current is larzer
than the associated differential-mode current.
and the magnitude of both components increase
with frequency. When the incident angle is in-
creased from 45% to 89, the current is reduced
by about two orders of magnitude.

Figure 4 shows the frequency dependence of
the induced common mode curcent witlh an
aligned-incidence TM plane wave.  The diffier-
ential mode current is vanishingly small at boh
oblique and near grazing incidences due to sym-
metry.  The common-mode current at abligue
incidence is larger than that near grazing in-
vidence, The comunon-mode [, component in-
creases slightly with frequency, The [, comnpo-
nent of the differential-mode is vanishingly small
due to symmetry. The common-mode current
decreases monotonically with frequency. The
current near grazing incidence is alwavs smaller
than that at ohlique incidence,

The effect of strip separation on the total in-
duced current [y with a side-incidence TE plane
wave is shown in Figure 3. The strip separation
is defined as the distance between the centers of
the two strips. [t is shown that the total indoesd
current increases with separation for both the
common-mode and the dillerential-inode. The
increasing rate of the dilferential-inode cierent
is larger than that of the common-mode, The
discrepancy between the two differential mode
curves at ohlique incidence and near grazing inci-
dence is smaller than that between the common-
mode curves. The discrepancy between the two
curves of the saine node is larger when the sub-
strate dielectric constant is increased (o, for in-
stance, €7 = lik,.

4 Conclusions
T this paper. an integeal egusion approacl and

el bl ol imoinents are applicd 1o soady the in-
duced current on single strip and coupled copla-

rar lines. Sitpations with either TE or TV iei-
dent plane wave, either side-incidence or aligned-
incidence are considersd. Results of induced cur-
rent are presentecd oo analvze the interference
cansed] b incident plane waves on the roplanar
lings. These results are nseful in predicting the
interference caused by external sources.
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Figure 1: Gesmerrcal confgonration of a plane wave

- dneident npot o coplaar lnes, (a) side-incidenee

(B} aligred-incidenen,
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Figure 2. Effects of scrip width on the toral induced  Figure 4: Total induced common mode coreent on
current on a single steip line, f = 1 GHz, by = 2 two coplanar lines with an aligned-incidence T
mm, 0 = BI°, ey = €2 = £, 6] = Iy, ——=: [, plane wave at different frequencies. w= 1 mm, fy
of side-incidence TE maode, o0 {y of aligned-incidence = 2 min, 8 = 3 mm, gy = €3 = £, F = Do, ——
T™ mode, === [p of side-incidence TM mode, «: [ at §; = 45%, === [, at # = 807, —o-0—: [, at
I. of aligned-incidence TE mode. =45, —x—2—: I at f; = 39°%,
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Figure 3: Total indueod enrcent [o on two coplanar - Figure T Efferts of strip separation on the total in-
lines with a side-incidence TM plane wave at differ-  duced coreent Jy, on two coplasar lnes with a side-
ont frequencies, w= 1 mm, by = 2 mm. s = 3 mm,  incidence TE plane wave, f = 1 GHz, w0 = 1 mim,
fg = Fy = £g, €] = 2, == cvmimon mode at Ry o= 2 mim, ey =f1 = feo ) = 2, — COLITIOL
fl; = 45°, = ==: common mode at & = 89, —u—o— mode at f; = 45°%, = = =: common mode At 8, = 80°.
differential mode at 8; = 457, — = — « — differontial  —o—o—: differential mode at & = 45%, = » — = —
mode at #; = 807, differential mode at #; = 89°



