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Analysis of a Partially Sealed Package
for Microstrip-Line Circuits

Hao-Hui Chen and Shyh-Jong Chung,Member, IEEE

Abstract—A partially sealed package formed by two metal
diaphragms with or without an absorber is proposed and an-
alyzed for shielded microstrip-line circuits. The mode-matching
method, method of lines, and finite-element method are mixed
appropriately to investigate the package. For a specific analysis,
an electric current filament and a microstrip-line gap are chosen
to simulate, respectively, an active circuit element (CE) and a
passive CE to be packaged. The suppression effect of the package
on the spurious (higher order) modes and the influence on the
dominant mode are fully studied by comparing the excitation
and scattering characteristics of the CE’s with and without the
package.

Index Terms—Metal diaphragms, packaged microstrip line,
partially sealed cavity, spurious modes.

I. INTRODUCTION

M ICROWAVE and millimeter-wave circuits are usually
shielded by a rectangular waveguide to prevent the

circuits from mechanical destructions and electromagnetic
interferences (EMI’s) from the environment. In these shielded
circuits, parasitic fields may be excited by active devices
and/or discontinuities in the circuit and propagate in the forms
of the higher order modes (spurious modes) of the shielded
transmission lines. As the signals (which are carried by the
dominant mode) and the parasitic fields from a circuit element
(CE) travel toward another one, the power coupling between
modes would be caused through the latter element (which
is essentially composed of discontinuities of the transmission
lines) and, thus, disturbs the total circuit operation. To avoid
these EMI’s between the CE’s, one of the approaches is to
partition a shielded circuit into several cabinets by attaching
vertical diaphragms to the lid of the circuit [1].

As presented in [1], a metal diaphragm can mostly reflect the
powers of the spurious modes while it has little influence on
the dominant mode. A cabinet formed by two such diaphragms
thus provides the following advantages. Firstly, since the
cabinet is not fully sealed by the diaphragms, the signals
(carried by the dominant mode) can be passed from one CE to
another without being affected by the package. Secondly, the
CE (or sub-circuit) located within the cabinet would suffer very
slightly from the interference of the spurious modes excited
from the adjacent CE’s (owing to the reflection of these modes
by the diaphragms). Thirdly, since the spurious modes excited
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Fig. 1. A partially sealed package for a shielded microstrip circuit.

by the CE located within the cabinet are confined in the
cabinet and are weakened due to the destructive interferences
between the fields of the modes, the strengths of the outgoing
spurious modes from this packaged element are thus greatly
reduced. In short, the cabinet can increase the electromagnetic
susceptibility (EMS) of a CE (e.g., a receiving CE) and/or
reduce the EMI from the element (e.g., a transmitting CE).

However, due to the high reflectivity of the diaphragms (for
the spurious modes), the cabinet would behave like a cavity.
As the integration and/or operating frequency increases, the
electrical size of the cabinet increases and, thus, the resonances
of the spurious modes would be difficult to avoid. If the system
operates at a frequency near one of these resonances, the cou-
pling between the dominant and spurious modes may become
uncontrollable and, thus, alter the electrical performance of the
system. Several techniques for reducing the coupling effects
of the resonant modes can be found in [2]–[7]. References
[2] and [3] used a resistive film coated on a dielectric layer
which was, in turn, fixed under the lid of the package to damp
the undesirable resonant cavity modes. References [4]–[7]
considered a lossy damping layer for reducing the influence
of the resonance effect. In general, the attenuation effect by
using the absorbing layer would be better than that by coating
the resistive film [6]. Also, as was pointed out in [7], the lossy
layer should be placed at some suitable location for effectively
damping the resonant modes.

In this paper, the partially sealed package, composed of
two metal diaphragms and/or an absorbing layer, as shown
in Fig. 1, will be studied. In the analysis, the mode-matching
method together with the method of lines [1], [8] is first used
to determine the scattering matrices of the diaphragms and
absorber. While in order to allow for arbitrary geometries and
inhomogeneities, the scattering matrix of the CE is calculated
by using the finite-element method (FEM) [9]. The total
scattering effect of the whole structure is then obtained by
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Fig. 2. Cross-sectional views of the partially sealed package.

cascading these scattering matrices. The numerical results for
two CE’s will be presented, i.e., an electric current filament
(representing an active CE) and a microstrip-line gap (repre-
senting a passive CE). The suppression effect on the higher
order modes and the influence on the dominant mode (of the
partially sealed package with or without an absorber affixed
inside) will be studied by changing the package length, CE
position, and position and size of the absorber. Finally, a
separate experiment is carried out to verify the analysis.

II. A NALYSIS

Fig. 2 shows the cross-sectional views of the structure for
analysis, where two diaphragms (regions 2 and 8) with depth

and thickness are attached to the top cover of the shielded
microstrip line, forming a partially sealed package with length

. A CE (region 6), which may be active or passive, is
confined inside this package at a distance from the left
diaphragm. Also, an absorber having length, thickness ,
and width may be affixed to the top of the cabinet for
damping the spurious modes. The distance between the center
point of the absorber and the left diaphragm is. For
simplicity, the microstrip line is located symmetrically in the

-direction and has a width equal to the thickness of
the substrate (leading to an impedance of about 50for a
substrate of ). The dimension of the waveguide cross
section is set to be . The dominant and spurious
modes of the shielded microstrip line may be incident from the
left side (region 1) toward the package or be directly excited
by the (active) CE inside the package.

To tackle the problem, the diaphragms, absorber, and CE are
treated as discontinuities in the shielded microstrip line. The

scattering effect of each discontinuity is solved as follows.
For the diaphragm and absorber, we calculate the scattering
matrices by using the mode-matching method together with
the method of lines [1], [8]. The modes, including propagation,
evanescent, and/or complex modes of regions 1 (3, 5, 7, 9),
2 (8), and 4, are first solved by the method of lines. Following
the procedure described in [10], the following homogeneous
matrix equation is obtained:

(1)

where and are two vectors representing theand
components of the current distributed on the strip, andis
the effective dielectric constant of the corresponding mode.

To get nontrivial solutions of the current distributions, the
determinant of the impedance matrix should be zero,
from which the effective dielectric constants are obtained.
In the calculation, the ’s for the modes of regions 1 (3,
5, 7, 9) and 2 (8) are calculated by searching the zeros of

on the real axis of the plane.
However, since is complex, the ’s for the
modes of region 4 are obtained by finding the zeros of
within the region

(2)

Here, only the modes having the attenuation constants
mm are considered. (The real part of

is assumed to be greater than the dielectric constant of the
substrate , if not, should be replaced by in (2).)

With known, the propagation constants, current distri-
butions on the strip, and all normalized fields of each mode
are explicitly calculable. The scattering matrices

of the junctions formed by regions and
can then be obtained via the mode-matching method [11].
The details of calculating can be found in [1] and
[8]. Once the scattering matrices are determined, those
of the diaphragms and the absorber can be
obtained by cascading the scattering matrices , ,
and , , respectively.

However, for the CE (region 6), in order to allow for arbi-
trary geometries and inhomogeneities, the FEM [9] is adopted
to determine the scattering and excitation characteristics of the
element, which yields the following relation:

(3)

where and are the amplitude vectors for the incoming
and outgoing modes, respectively. is the scattering
matrix of the CE without sources. is the amplitude vector
for the excited outgoing modes due to the source in the (active)
CE.

After determining the scattering matrices and/or the source
vector of the diaphragms, absorber, and CE, the scattering
characteristics of the whole structure can then be obtained by
cascading these matrices and vector.
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Fig. 3. Modal amplitudes of the shielded microstrip line excited by a current
filament.

III. RESULTS AND DISCUSSIONS

In this section, we set mm, ,
, and the operating frequency GHz.

Under this choice of parameters, there are three propagation
modes for the microstrip line with housing . The first
two (i.e., the dominant mode and the second-order mode) are
even modes and the last one is an odd mode. The two identical
diaphragms are with thicknesses of 2 mm and depths
of . From [1], the reflected power of the dominant mode at
each diaphragm is 78.01 dB, while those of the second- and
third-order modes are 0.49 and 0 dB, respectively.

Two CE’s are considered. One is a unitary electric-current
filament of length placed symmetrically under the microstrip

elsewhere.
(4)

The other is a microstrip-line gap of length mm.
For the first CE, which is an active element, the package is
expected to suppress the excited spurious modes, especially the
propagating higher order modes, while cause little influence
on the dominant mode. For the second CE, which is a passive
one, the power coupling between the dominant and higher
order modes occurs when a dominant or higher order mode is
incident upon the element. The package confining this CE can
directly reflect the powers of the incident higher order modes
and, in the meanwhile, when a dominant mode is incident on
the element, weaken the excited spurious modes.

Before studying the effects of the partially sealed package,
the excitation and scattering characteristics of the two CE’s
are first examined. Fig. 3 shows the modal amplitudes of
the first 30 modes excited by the current filament without
the package. The first mode is the dominant mode of the
shielded microstrip line and the second and third modes are
the other two propagation modes. It is noticed that, due to
the symmetry of the current filament in the-direction, the
third-order mode and the other odd modes (modes 6, 7, 9,
etc.) are not excited. The good agreement between the two
curves ensures the validity of the treatment of the FEM in the
CE region.

For the microstrip-line gap without the package, the finite-
element analysis shows that dB,

dB, dB, dB, and
dB, dB, dB,

Fig. 4. The suppressions of the package (without absorbers) on the excited
modes of the current filament as a function of the package length(Lc).
Ls = Lc=2, f = 25 GHz.

dB. Here, denotes the
propagating power of theth-order mode due to ath-order
mode incidence (from toward the gap). It is noticed
that and , which are the results of the
reciprocity theorem. Also note that, owing to the symmetry
of the gap in the -direction, there are no couplings between
the third-order mode (odd mode) and the first two modes
(even modes).

To describe the effect of the package, a dimensionless
quantity (namedsuppression: ) is defined in this paper as
follows:

with package

without package
(5)

for the current filament denotes the power of the excited
th-order mode); and

with package

without package
(6)

for the microstrip-line gap. Here, (with package) repre-
sents the power going away from the package and propagating
in the -direction.

A. Partially Sealed Package Without Absorbers

The characteristics of the partially sealed package without
absorbers are first examined in this section. Fig. 4 shows the
suppressions of the package on the excited modes of the
current filament as a function of the package length. The
filament is located at the central position of the package (

, see Fig. 2). It is seen that the excited dominant mode is
not affected by the existence of the package, and that, on the
other hand, for most package sizes, the outgoing second-order
modes are weakened (by about 15 dB) when the diaphragms
are introduced. However, the latter phenomenon disappears
when the package length approaches some critical values
(11.4 mm, 33.4 mm, etc.), where the powers of the second-
order modes increase to the levels 15 dB higher than those
without packaging. This is caused by the field constructive
interference of the second-order modes bouncing between the
two diaphragms. Since the diaphragms are essentially perfect
electric conductor (PEC) walls for the second-order mode (the
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(a)
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Fig. 5. The suppressions of the package (without absorbers) on the propaga-
tion modes scattered by the microstrip-line gap as a function of the package
length(Lc) for (a) the dominant-mode incidence and (b) second-order-mode
incidence.Ls = Lc=2, f = 25 GHz.

calculated reflection coefficient is 0.945174 ), resonances
of the excited second-order modes are expected when
gets near a multiple of the half-wavelength of the second-
order mode ( mm). Nevertheless, only when

is near the odd multiples of the half-wavelength can the
resonances be observed in Fig. 4. To answer the question why
the even multiple resonances disappear, one notices that the
propagating and propagating second-order modes excited
at the filament position are with the same amplitudes and same
phases [12]. As equals an even multiple of , a phase
difference of 174 is introduced when the excited
propagating mode travels to the left (right) diaphragm and is
then reflected back to the filament position, thus leading to the
cancellation of the second-order mode.

Fig. 5 shows the suppression effects of the package on
the propagation modes scattered by the microstrip-line gap
as a function of the package length . For the dominant-
mode incidence [see Fig. 5(a)], it is seen that, except near
the resonance lengths (22.2 mm, 44.2 mm, etc.), the package
suppresses the excited outgoing second-order modes, while it
has little influence on the dominant mode. Unlike those for
the case of the electric current filament, here the resonances
occur at equal to even multiples of . The reason
is as follows. By the equivalence principle [13], the outgoing
second-order modes excited at the gap is caused by an equiva-
lent -directed magnetic-current filament of lengthlying on
the strip. The propagating modes excited by this magnetic

Fig. 6. The suppressions of the package (without absorbers) on the excited
modes of the current filament as a function of the normalized filament position
(Ls=Lc). Lc = 22:4 mm, f = 25 GHz.

current possess the same amplitudes, but out of phases [12].
When equals an even multiple of , the bouncing
wave due to the excited propagating mode and that due to

propagating mode thus constructively interfere with each
other, resulting in the resonances at these package lengths.

For the second-order-mode incidence [see Fig. 5(b)], since
the first diaphragm reflects most of the incident power, is
greatly raised and reduced, causing a high (larger than
30 dB) and a low (smaller than 20 dB). Consequently,
the power coupled to the dominant mode is reduced. The
situations change when the package length approaches one
of the resonance lengths. Two types of second-order-mode
resonances happen in this case. One is caused by the equivalent
magnetic current at the gap position and is of resonance lengths
equal to even multiples of (22.2, 44.2 mm, etc.). This
type of resonances produces high-power coupling (up to
11 dB) to the dominant mode. The second type is due to the
in-phase bouncing (between the diaphragms) of the second-
order mode directly coming from the outside of the package
and, thus, has resonance lengths at all multiples of .
Since the sources of these bouncing waves are not from the
gap, the power coupling to the dominant mode is, therefore,
not so strong as that of the first-type resonance. (Note that

’s at odd multiples of are about 17 dB lower than
those at even multiples.) Finally, it is noticed that the curves
of [see Fig. 5(a)] are identical to the curves of [see
Fig. 5(b)], which is due to the reciprocity theorem (and the
symmetry of the structure in the-direction).

From the above discussions, when the package length gets
near the resonance length (or the operating frequency gets
near the resonant frequency of the package), it seems possible
to avoid the resonances by placing the CE at some suitable
positions. Figs. 6 and 7 present the results for, respectively,
the current filament and the microstrip-line gap located at
various positions in a package of length about
a resonance length . It is seen from Fig. 6 that
the resonances can be avoided if the electric-current filament
is placed near the center or the two ends

of the package (where the component of
the electric field of the standing second-order mode is zero).
For the case of the microstrip-line gap (see Fig. 7), since the
scattering is due to the-directed equivalent magnetic current,
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Fig. 7. The suppressions of the package (without absorbers) on the propaga-
tion modes scattered by the microstrip-line gap as a function of the normalized
gap position(Ls=Lc) for the dominant-mode incidence.Lc = 22:2 mm,
f = 25 GHz.

Fig. 8. The suppressions of the absorbing package on the propagation modes
scattered by the microstrip-line gap as a function of the normalized ab-
sorber position(La=Lc) for the dominant-mode incidence.Lc = 22:2 mm,
Ls = Lc=2, lb = 4 mm, hb = 4h, wb = 10w, f = 25 GHz.

the positions to avoid the excitations of the resonances are
located at and (where the component
of the magnetic field of the standing second-order mode
vanishes). Similar results have been found for the second-
order-mode incidence.

B. Partially Sealed Package with an Absorber

To avoid the strong coupling caused by the resonances
of the spurious modes, an absorber can be affixed on the
top of the package to damp the resonances. Fig. 8 illustrates
the suppression effects of the absorbing package with length

when the dominant mode is incident on the
microstrip-line gap. The absorber has a length

mm, thickness and width .
The gap is located at the middle of the package ,
while the position of the absorber is varied. It is noted
that, from Fig. 5, the suppressions at are bad
before the absorber is introduced. The couplings between the
dominant and second-order modes are about 11 dB higher
than those without the diaphragms ( dB,

dB). However, these couplings are greatly
reduced when the absorber is placed inside the package, as
can be seen from Fig. 8. Since the absorber is a dielectric one

, the best absorbing effect occurs when the absorber is

Fig. 9. The suppressions of the absorbing package on the propagation
modes scattered by the microstrip-line gap as a function of the normalized
absorber length(lb=Lc) for the dominant-mode incidence.Lc = 22:2 mm,
Ls = Lc=2, La = 5:6 mm, hb = 4h, wb = 10w, f = 25 GHz.

Fig. 10. The suppressions of the absorbing package on the propagation
modes scattered by the microstrip-line gap as a function of the normalized
absorber thickness(hb=h) for the dominant-mode incidence.Lc = 22:2 mm,
Ls = Lc=2, La = 5:6 mm, lb = 4 mm, wb = 10w, f = 25 GHz.

located at the positions where the electric fields of the standing
second-order mode are maximum (i.e., and

). As another check of the present analysis using the mixed
method, the results obtained from the full FEM analysis are
also presented in Fig. 8. Good agreement is observed between
the two approaches.

Fig. 9 depicts the suppression effects, as functions of the
normalized absorber length , of an absorbing package
with length for the case of a centrally located
microstrip-line gap illuminated by the dominant mode. The
thickness and width of the absorber are and , respec-
tively, and the center position is fixed at mm

. It is seen that, unlike that of the dominant mode,
the levels of the scattered second-order modes vary with the
change of the absorber length. It is also interesting to observe
that the levels do not decrease monotonously with the increase
of the absorber length. The best suppression effect happens
when the absorber is with length mm ,
where dB and dB.

The influence of the absorber thickness on the suppressions
is shown in Fig. 10, where the absorber with length

mm and width is put at the position of
. The damping of the packaging resonance

by the absorber is not distinct until the thickness is raised up
to . When the absorber thickness is less than this value, the
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Fig. 11. The suppressions of the absorbing package on the propagation
modes scattered by the microstrip-line gap as a function of the normalized
absorber width(wb=w) for the dominant-mode incidence.Lc = 22:2 mm,
Ls = Lc=2, La = 5:6 mm, hb = 4h, lb = 4 mm, f = 25 GHz.

Fig. 12. The suppressions of the absorbing package on the excited modes
of the current filament as a function of the normalized absorber position
(La=Lc), Lc = 11:4 mm, Ls = Lc=2, lb = 4 mm, hb = 4h, wb = 10w,
f = 25 GHz.

scattering of the dominant mode is disturbed by the package,
and the levels of the scattered second-order modes are higher
than those without packaging dB for .
However, as the absorber length becomes larger than, both

and remain at approximately 0 dB, (which means that
the scattered dominant modes are approximately the same with
or without the absorbing package), and the outgoing second-
order modes are suppressed monotonously with the increase
of the absorber thickness. The suppression when is

27 dB for and is 13.3 dB for .
Fig. 11 displays the variations of the suppressions as func-

tions of the normalized absorber width , where
the absorber with length 4 mm and thicknessis placed sym-
metrically in the -direction and at
in the -direction. As can be seen, as long as the absorber width
is larger than , the absorber can damp the second-order-mode
resonance effectively. The suppressions do not change much
with the increase of the width in the range of .

For the case of the electric-current filament, the suppression
effects of the absorbing package have also been observed.
Fig. 12 presents the results for the centrally located current
filament in an absorbing package with the absorber placed
at various positions. The package length is about a half-

Fig. 13. The suppressions of the package (without absorbers) on the domi-
nant mode scattered by the microstrip-line gap as a function of the normalized
gap position (Ls=Lc) for the dominant-mode incidence."r1 = 2:33,
h = 0:7874mm,w = 2:34 mm,g = 0:3 mm,D = 30 mm,Lc = 39:9 mm,
f = 10GHz. The shielded microstrip line can support two propagation modes.

wavelength of the second-order mode . Similar
to Fig. 8, it is found that when the absorber is put near
the position where the electric field of the standing second-
order mode is maximum , the best suppression
effects are obtained dB). Also note that
the excited dominant mode is not affected by the absorbing
package. Finally, although not presented in this paper, the
dependence of the suppression effects on the size of the
absorber has also been analyzed, which is found to be similar
to those for the case of the microstrip-line gap (see Figs. 9–11).

IV. EXPERIMENT

In addition to the numerical results presented above, the
suppression effect of the package for the scatterings of the
microstrip-line gap was measured to further verify the analysis.
Here, due to the limitation of the experiment environment, the
operating frequency was chosen as 10 GHz. Also, to avoid
tackling the complicated terminations at for the
higher order propagation modes, the packaging waveguide
(with a cross section of 22.86 10.16 mm) was truncated in
the -direction by two metal walls, as shown in the inset of
Fig. 13. The length of the truncated waveguide was
104.9 mm, which had been examined not to be a resonant one
at the operating frequency. Two SMA connectors were inserted
in the metal walls so that the power of the dominant mode in
the 50- microstrip lines could be passed to the coaxial lines
with a negligible loss.

The spacing of the two identical diaphragms (with
depth 8 mm and thickness 2.5 mm) was designed to
39.9 mm, which was about the calculated wavelength (38.30
mm) of the second-order mode of the shielded microstrip
line. Fig. 13 shows the measured and calculated suppressions

as functions of the normalized position of the gap. (Here,
for each gap position, the suppressions were defined as the
ratios of the scattered powers with diaphragms to those
without diaphragms.) In the calculation, all the scattered
higher order modes were assumed to be totally reflected by
the two lateral metal walls (with reflection coefficients equal
to 1), and the dominant mode was assumed to be able to
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penetrate the walls (through the SMA’s) without any loss.
The excellent agreement between the measurement and the
calculation ensured the validity of the analysis.

V. CONCLUSIONS

The suppression effects of a partially sealed package with
or without an absorber affixed inside have been analyzed by
an approach mixing the mode-matching method, method of
lines, and FEM. The validity of the analysis has been checked
numerically and experimentally. Two CE’s, i.e., an electric-
current filament and a microstrip-line gap, have been examined
to verify the effectiveness of the package.

It has been shown that, when the distance between the
diaphragms is not near a resonance length, the package has lit-
tle influence on the propagation of the dominant mode and, in
the meantime, it can effectively suppress the outgoing second-
order modes excited by the current filament or scattered by the
microstrip-line gap, no matter where the filament or the gap is
located. The diaphragms of this package can also highly reflect
the incoming second-order modes to prevent the interference
on the functions of the circuit packaged inside. When the
package length is near a multiple of , the resonance of
the second-order mode is excited. Placing an absorber inside
the package has been shown to be able to destroy the resonance
and, thus, resume the performance of the package. The sizes
and locations of the absorber can be suitably designed to get
a better damping effect on the resonances.
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