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in Multilayer PCB Using Locally Embedded Planar
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Abstract—A novel uniplanar compact electromagnetic band-gap
(EBG) structure is proposed for ultrawideband (UWB) suppres-
sion of ground bounce noise (GBN) in multilayer PCB. The power
plane integrates the features of L-shaped bridges and slits (LBS),
which can suppress the GBN at lower and higher frequencies,
respectively, without using hybrid periods cascading structures.
The GBN suppression bandwidth is broadened from 432 MHz to
15 GHz covering almost the whole noise band for UWB applica-
tions. A locally embedded LBS-EBG structure in power plane is
proposed to improve signal integrity (SI). Full-wave simulation
and measurement are performed to verify the high performance.

Index Terms—Electromagnetic band-gap (EBG), ground bounce
noise (GBN), locally embedded, multilayer printed circuit board
(PCB), signal integrity.

I. INTRODUCTION

W ITH the trends of mix-signal system integration, high-
speed microprocessors, radio frequency (RF) circuits,

memory, sensors, and optical devices, etc., are required to be
integrated into a tight module, which is known as “system on
package”. The ground bounce noise (GBN) [1], also known
as simultaneous switching noise (SSN), on the power/ground
planes is becoming one of the major bottleneck for designing the
high-speed circuits in multilayer printed circuit board (PCB). As
the systems operate toward higher frequency range, the GBN
will excite the resonance modes of the parallel-plate waveguide
structure between power and ground planes, which behave as
radial waves and travel outwards from noise source to the edges
of circuit board. Some portion of the energy is reflected in-
wards affecting the signal integrity (SI) and some part is radiated
into free-space causing the electromagnetic interference (EMI)
problems [2]. Especially in ultrawideband (UWB) communica-
tion technology, since the maximum signal power is limited to a
very low level, any noise from digital circuits could destroy the
functionality of RF circuits and cause system failure.
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Some typical ways [3], such as adding decoupling capacitors,
splitting the power and/or ground planes, and using the isolation
moat, have been proposed to eliminate the GBN, but they are not
effective above 1 GHz. Recently, a new idea for eliminating the
GBN was introduced by using electromagnetic band-gap (EBG)
structures [4], [5]. There are many researches focused on EBG
structure design to broaden the stopband for high efficient GBN
suppression [6]–[11].

In this letter, a novel uniplanar compact EBG structure which
integrates L-bridged EBG structure with slits is proposed for
ultra-wideband GBN suppression in multilayer PCB. The GBN
suppression bandwidth is broadened to cover from 432 MHz
to 15 GHz without using cascading different period structures.
To improve the SI, a locally embedded EBG structure in power
plane is used. -parameters for multiport network and -field
distribution on each layer are investigated. The distinctive be-
havior of the new EBG power plane in ultra-wideband suppres-
sion of the GBN is validated by simulations and measurements.

II. DESIGN OF NEW L-BRIDGED EBG STRUCTURE WITH SLITS

To filter out GBN propagating within the power/ground
planes while providing a low-impedance path for DC current
on each layer, a two-layer EBG embedded power plane struc-
ture is used, and the ground plane is kept continuous for SI
view. Fig. 1(a) shows the proposed L-shaped bridges with slits
(LBS) EBG power/ground planes design. The unit cell of the
EBG power plane consists of one square patch with four narrow
slits inserted at the boundary of the patch, and four L-shaped
bridges on each side of the patch [11]. The unit cell of the
LBS-EBG and its corresponding notations of parameters are
shown in Fig. 1(b).

The key feature of this new structure is an integration of
L-bridges with slits. Compared to the traditional UC-EBG struc-
ture with straight bridges [5], the L-shaped bridges not only
improve the inductance between two neighboring patches so
that they can suppress the noise at lower frequencies, but also
keep signal quality acceptably well [6]. Compared to the pre-
vious L-bridged EBG structures, the narrow slits inserted at the
boundary of the patch change the flow paths of currents. Due to
the slits perturbation, the resonant mode of the square patch will
be split so that they can suppress the noise at higher frequencies.
As a result, the geometry of the slit and bridge can be designed
properly based on the requirement of suppression bandwidth.

III. ULTRAWIDEBAND GBN SUPPRESSION

To demonstrate the effectiveness of the LBS-EBG power
plane, we consider a design of a two-layer PCB with the
dimension 90 mm 150 mm consisting of 3 5 unit cells.
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Fig. 1. (a) Uniplanar compact EBG structure with L-bridges and slits (LBS)
showing the location of the ports used for � parameter measurements. (b) Unit
cell showing the L-bridges with slits and dimensions.

The substrate dielectric is FR4 with a relative permittivity of
4.4 and a loss tangent of 0.02. The thickness of the substrate
is 0.8 mm and the thickness of the copper foil is 0.035 mm.
The corresponding parameters are mm, mm,

mm, mm, mm, mm,
mm, and mm. Here each slit has an equal

length. For a special design, four inserted slits of different
lengths can be used. Performance of the EBG structure can be
characterized using S-parameters. The parameter between
two ports lying across several patches is sufficient to show the
frequency band-gap of the structure, as shown in Fig. 1.

Fig. 2 shows the measured and simulated for the de-
signed LBS-EBG power/ground planes. The insertion loss of the
reference board with both power and ground planes being solid
is also presented in this figure for comparison. The HFSS of An-
soft Corporation was used to simulate the GBN behavior of the
structure. Good agreement between the measurement and sim-
ulation is obtained. An ultra-wideband suppression is observed
starting at approximately 432 MHz and extending to 15 GHz.
The definition of bandwidth adopted here is the continuous fre-
quency range over which is lower than 40 dB.

Compared with the conventional UC-EBG power plane
(which has the same substrate and periods of 3 5 as Fig. 1,
and the element parameters are mm, mm,

mm, mm, mm, but
mm and ) [5] and the old L-bridged

EBG power plane (other parameters are kept the same as Fig. 1
except that ) [6], the proposed LBS-EBG power
plane can suppress the GBN from lower frequency (432 MHz)
to higher frequency (15 GHz), which can cover the whole UWB

Fig. 2. Comparison of �� � between the LBS-EBG board and the reference
board by the numerical simulation and the measurement.

Fig. 3. Measured insertion losses ��� �� of the proposed LBS-EBG, the con-
ventional UC-EBG, and the old L-bridged EBG power planes. (a) Whole fre-
quency characteristics. (b) Lower frequencies characteristics.

communication frequency range (from 3.1 to 10.6 GHz), as
shown in Fig. 3. According to the symmetry of the structure,
the LBS-EBG power plane can omnidirectionally eliminate the
GBN on the power/ground planes.
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Fig. 4. Four-layer PCB structure with transmission lines transition between the
locally embedded LBS-EBG power plane and solid ground plane.

Fig. 5. Fabricated multilayer PCBs. (a) Reference board and (b) LBS-EBG
board.

IV. LOCALLY EMBEDDED LBS-EBG IN MULTILAYER PCB

Fig. 4 shows a four-layer PCB structure with two transmis-
sion lines passing from the top layer (SG1) to the bottom layer
(SG2), with two via transitions between the power plane (PWR)
and solid ground plane (GND). Although the proposed design
of power/ground planes shows excellent performance on elim-
inating the GBN at broadband frequency ranges, the signal in-
tegrity problem is inevitable for the proposed EBG structure be-
cause of the discontinuity of power plane. The SI problem can
be solved by adding another ground plane above the power plane
[5], or using stitch capacitors [10]. Here, a scheme of locally-
embedded EBG elements is adopted to improve the SI. The local
regions of power plane corresponding to signal traces are still
kept continuous, and other regions are replaced with LBS-EBG
elements. All local regions can be connected by L-bridges. The
traces are designed as 50 for the transmission signal. The pa-
rameters of LBS-EBG elements are the same as those in Fig. 2
except that the thickness of substrate here is 0.4 mm.

The LBS-EBG board and a reference board with solid power
and ground planes were fabricated and shown in Fig. 5. The
four-port -parameters for the two kinds of boards are simu-
lated and measured. Fig. 6(a) and (b) show the comparison of
measured -parameters for the reference board and the locally
embedded LBS-EBG board.

It is found from Fig. 6 that the signal trace passes through via
will couple energy to the power bus and propagate between the
power and ground planes with multi-reflections. On the contrary

Fig. 6. Comparison of S-parameters of multilayer reference board and
LBS-EBG board: (a) measured S11 and S21, (b) simulated and measured S31.

viewpoint, while GBN occurs and propagates outward along
power bus, some power energy is reflected and some power will
be coupled to signal trace by through-hole-via. In Fig. 6(b), S31,
which is almost the same as S41, shows that the GBN coupling
can be effectively suppressed by using LBS-EBG locally em-
bedded in power plane. The characteristics of S11 and S21 show
that the energy suppressed is mainly transported from port 1 to
port 2, as expected.

Figs. 7 and 8 show the normalized -field distribution on
each layer of reference and LBS-EBG boards, respectively. It
can be seen from Fig. 7 that there are strong resonance modes
of the parallel-plate waveguide structure between power and
ground planes excited by GBN in reference board. But only a
local resonance mode exists in LBS-EBG board due to a locally
embedded scheme. The GBN is hardly coupled to signal traces
in other blocks constituting system, as shown in Fig. 8. Further-
more, compared to a wholly embedded EBG structure of 3 by 3
unit cells [5], the signal distortion should be smaller using a lo-
cally embedded LBS-EBG structure. Fig. 9 shows the residual
power coefficients which represents radiated power from the
multilayer PCB when port 1 is excited and other ports are termi-
nated by 50 loads. It can be found that the EMI problem can
be reduced at low frequency, but still exists at high frequency
even if using our proposed structure. One possible solution is to
setup high-loss magnetic materials around the edge of the board
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Fig. 7. Normalized �-field distribution on each layer of reference board at
3.3 GHz.

Fig. 8. Normalized �-field distribution on each layer of LBS-EBG board at
3.3 GHz.

to reduce EMI. The dashed line shows the residual power coef-
ficient of the other reference board without vias which has only
two transmission lines on the top surface with the same length
as the total length including top and bottom surfaces of the refer-
ence board shown in Fig. 5(a). So the dashed line represents the
radiation power coefficient from transmission lines themselves
without GBN.

V. CONCLUSION

In this letter, a novel LBS-EBG power plane has been pro-
posed for ultrawideband GBN suppression in multilayer PCB.
The GBN suppression bandwidth is broadened from 432 MHz
to 15 GHz covering almost the whole noise band and for UWB
technology applications. The locally embedded LBS-EBG

Fig. 9. Comparison of residual power coefficients from reference board and
LBS-EBG board. The dashed line represents the radiation power coefficient
from transmission lines themselves without GBN.

structure is adopted to improve the SI problem, which keeps
the power plane corresponding to signal traces still continuous.
The excellent performance of LBS-EBG power plane has been
demonstrated both by simulation and measurement.
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