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DC Power-Bus Noise Isolation With
Power-Plane Segmentation

Wei Cui, Member, IEEE Jun Fan Member, IEEE Yong Ren, Hao ShiMember, IEEE
James L. DrewnigkSenior Member, IEEEand Richard E. DuBroffSenior Member, |IEEE

Abstract—Power-plane segmentation is often used for dc frequency-selective loss characteristics. For multilayer PCBs,
power-bus noise isolation in multilayer printed circuit board the parallel interplane capacitances between the power areas
(PCB) designs. To achieve a desirable noise isolation, different 5\ the reference plane are often considered as shunt capacitors

power-plane segmentations can be used. A suitable modeling . . . . .
approach, as well as measurements, were employed in this work " both sides of the connection bridge, and the bridge itself

to study the noise isolation with several power-plane segmentation treated as a series inductor. As a result, a simple intuitive
designs. The geometries studied include power islands, and totally model for power islands as & network can be established.

segmented power planes. The effects of the power-bus noise isoThe performance of power islands might then be optimized by

lation with different types of power island connections, locations tuning the parameters. However, in practice, thisetwork
of segmentation, and shapes were analyzed, and compared. The ) ’ ! .
modeled and measured results show that sitable power-plane does not work out as well as speculated at high frequencies due

segmentation can result in significant power-bus noise isolation. 0 the distributed resonances of the power planes. An improved
Index Terms—DC power-bus design, noise isolation, power is- T netvyork using two '“mpef’ surface-mount-technology (SMT,)
land, power-plane segmentation. capacitors and an SMT ferrite bead was found to have a superior
performance for noise isolation in this study. The effect of the
power island location on the noise isolation was also studied,
|. INTRODUCTION and found to have little impact.

L OGIC transitions of digital integrated circuits (ICs) are a Segmented power planes are similar to power islands except
major source of power-bus noise [1], [2]. For PCBs thahat they are used to isolate a larger portion of the power plane
use complete planes or large area fills as power and groufigm the rest. In some applications, PCB layouts are partitioned
this high-frequency noise can propagate throughout the eniiigy different functioning portions, for example, digital and
power bus, and result in significant signal integrity (SI) a”Qnang circuits. Studies on some geometric dimensions of the
electromagnetic interference (EMI) problems. In addition @egmented power planes with conducting connections using a
techniques using decoupling capacitors to mitigate the noisgumerical modeling approach are also reported in this paper.
an isolation technique using power-plane segmentation c8jmilar results to the power island were achieved in cases
also be an effective method for minimizing noise propaggithout dc connections. For the complete segmented power
tion. Two types of segmentation, segmented power planggnes, although noise can be coupled capacitively between
and power islands, are commonly used in high-speed digitpferent power areas, or through the modes supported by
designs. A power island can be employed to provide power g parallel power/ground plane pair, the coupling can be
some fast switching or noisy IC devices. If these IC devicggduced by careful design. Previous experimental work on
share a common power supply with the rest of the circuiower-plane segmentation has been reported [3], [4]. A hybrid
a conducting bridge can be employed to connect the powstn/MoM numerical method was also employed to model
island to the larger power area. However, the Iow-frequengdta"y isolated power planes [5]. This work presents a study
isolation performance of this topology is relatively poor. Ferritg, effects of gap shape on board resonances and RF isolation
beads are more suitable for this kind of application due to th@jging acircuit extraction technique based ormaxed potential
integralequation (CEMPIE) approach. Further, an approach is
Manuscript received December 7, 2001; revised October 15, 2002. developed for isolating power areas at high frequencies, while
W. Cui was with the University of Missouri-Rolla, Rolla, MO 65409 maintaining a dc connection.

USA, and is now with Intel Corporation, Hillsboro, OR 97124 USA (e-mail: . . .
wilson.cui@intel.com). Numerical methods are suitable for modeling power-plane
J. Fan was with the University of Missouri-Rolla, Rolla, MO 65409 USA. Hsegmentations. A proven modeling approach can greatly facili-
is now with NCR, San Diego, CA 92127 USA (e-mail: jun.fan@ncr.com). —tate the power-bus design at early stages without the need for
Y. Ren was with University of Missouri-Rolla, Rolla, MO 65409 USA. He . .
is now with Cadence Design System, Chelmsford, MA 01824 USA (e-malpfototype hardware. The CEMPIE approach is employed herein

yren@cadence.com). to model various configurations of power-plane segmentation.
H. Shi was with the University of Missouri-Rolla, Rolla, MO 65409(0ne significant advantage of the CEMPIE approach is that
USA. He is now with Rambus Inc., Los Altos, CA 94022 USA (e-mail: .
hshi@rambus.com). ( lumped element models can be extracted from the formulation.
J. L. Drewniak and R. E. DuBroff are with the Electromagnetic CompatiAs a result, the high-frequency power-bus performance can be
bility Laboratory, Department of Electrical and Computer Engineering, U”hnalyzed with general SPICE simulators. With this approach
versity of Missouri-Rolla, Rolla, MO 65409 USA (e—mail:drewniak@umr.edub h . . del d devi del be i d’
red@umr.edu). ther circuit models, an evice models can be Incorporated.
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equivalent circuit (PEEC) method in general multilayer med (o, 90) (150, 90)
[6]. Previous studies have demonstrated that the CEMP
modeling approach is suitable for modeling dc power-bt

structures [7]. Po.rt 2
(120, 65)
)
Il. POWER-BUS NOISE ISOLATION WITH POWER I SLANDS v
A
The CEMPIE modeling approach is used herein to study t (50,45) .
power-bus noise isolation with power islands. The CEMPIE fo Port 1 T Port 3
mulation is based on a mixed-potential integral equation a (20°g‘))’ ) (75.25)
proach, and it is similar to the formulation of classic scatterir 17513 5’)

problems [8], [9]. A scattered electric field* is excited on the
exposed conducting surfadeas a result of an incident electric (o,0) Board thickness = 45 mils. (150, 0)
field E*"<. The boundary condition of is

Fig. 1. Test board geometry for a power island connected to the larger power
area with a PEC bridge. Units are in millimeters.

i x (B + E%)|s =0 1)

which is the electric field integral equation (EFIE). Thdunctions are determined by taking an inverse Fourier transform
scattered electric field results in surface current densitigéth the Sommerfeld identity [13]. For circuit extraction, a
and surface charge densities on the conducting surface. Boasistatic approximation of the Green’s functions is used. This
typical PCB configurations, the conducting surface includegproximation is adequate for suitably defined discretization
the metal planes, and the interconnects between the planeg9]n
the CEMPIE modeling of power buses, the horizontal power Atest board was constructed to study the power-bus noise iso-
planes are discretized into triangular cells, and the vertical diation with a power island structure. Measurements were made
continuities, for example, vias, are discretized into rectangular corroborate the CEMPIE modeling. The test board was a
cells. The triangular cells are amenable to model arbitratwo-sided board, with dimensions of 9 cwil5 cm, as shown
power-plane shapes. The induced surface current densitiesiareig. 1. The board thickness was 45 mils, and the relative di-
expanded with vector basis functions. Two types of curreatectric constant was. = 4.5. The top plane was designated as
vector basis functions are used to facilitate the analysis of ttie power plane, and the bottom plane was the reference plane.
problem. For the triangle surface cells, the Rao, Wilton, amdsquare power island was constructed in the lower left portion
Glisson (RWG) current vector basis functions are anchorefithe power plane, and offset to avoid any symmetry. The island
by the interior edges [8]. For the vertical rectangular cellsyas used to mimic the power area of an IC device for studying
the basis functions are one-dimensional linear functions, ati noise propagating from the island to the larger power area.
associated only with horizontal edges of the rectangles. THiBe dimension of the power island was 3 en3 cm, and the
approach neglects the horizontal surface current densitiespmwer island was isolated from the larger power area with a gap
the vertical discontinuities, which is adequate, since the verticaidth of 2.5 mm, which was approximately twice the dimen-
discontinuities have electrically small dimensions in this studgion of the board thickness. The square power island was con-
The surface charge density is assumed as a constant over eglted to the larger power area in the middle of the right edge
discretized cell. When enforcing the boundary conditions, avith a conducting bridge, or perfect electric conductor (PEC)
integral equation results. This integral equation is then testeddge. The width of the PEC bridge wds= 2.5 mm. Three
using testing functions that have the same form as the basist ports were built on the test board with SMA connectors. The
functions. Finally, lumped element models between all basitas for the SMA connectors had a diameter of 50 mils. Port 1
functions are extracted from the method of moments (MOMyas located in the power island as the incident port. Ports 2 and 3
impedance matrix [10]. In the equivalent circuit, each nodeere used as remote and near observation ports. In the measure-
corresponds to a discretized cell. The interconnecting circuients,|S»; | was measured with an HP8753D network analyzer
elements are calculated with some manipulations from thetween the incident port and one observation port. The other
elements of the MOM impedance matrix. unused observation port was open-circuited. The power island
Dyadic and scalar Green’s functions for a stratified mediuand the test ports were placed in asymmetric locations, as shown
are used in the CEMPIE/PEEC formulation for the vectdn Fig. 1, so that all excited wave modes could be observed.
magnetic and scalar electric potentials, respectively, instead offhe same test board was also modeled with the CEMPIE ap-
the free-space Green'’s function [11], [12]. The dielectric losspsoach. The power-plane surface was discretized using approx-
of the substrate are included in the scalar Green’s functiommately 780 triangular cells. The vertical interconnects associ-
The ground plane and the dielectric layers are assumedated with the test ports were discretized as well, and each ver-
have infinite planar extent. To calculate the Green'’s function$gal interconnect was discretized into six rectangular cells. The
closed-form expressions of the spectral-domain Greentgal number of unknowns in this problem was approximately
functions are developed. The complex images of the speciB&0. The dielectric loss of the FR-4 material was included in the
Green'’s functions are calculated with a generalized pencil mfodeling with a loss tangent ofin § = 0.02. Finally, equiv-
function (GPOF) method. Then, the spatial-domain Greerésent lumped circuit models were extracted, and|#g| was
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indicate the|S2; | can be dramatically reduced with the use of
the power island, though the reduction is very frequency depen-
dent. Although the decrease of t{f, | peaks below 1.7 GHz
was marginal for the island with a PEC bridge, the peaks be-
yond 1.7 GHz were reduced by approximately 10 to 20 dB. The
significance of thg.Sy;| spectrum is that a clock harmonic or
other noise source that excites the power bus that occurs at a
maximum of|.Se; | will drive the power-plane resonances, and
result in appreciable noise on the power bus that can lead to Sl
and EMI problems.

|S21| at Port 2 (dB)

-80

i+ | —— Measured (power island)

¢ | ==~ Modeled (power island)
Modeled (continuous plane)
- | =-= Modeled (isolated island)

Studies were then performed using the CEMPIE modeling
to investigate the noise isolation effects resulting from different
bridge and gap widths, locations of the power islands, and other
connection topologies besides the conducting PEC bridge. The
same board geometry as shown in Fig. 1 was used. Port 2 was

1000 1500 2000 2500

Frequency (MHz)

10 500 3000

used as the observation port hereafter. First, three cases where
the PEC bridge had a width @f = 1 mm, 2.5 mm, and 5 mm
c were modeled. In all cases, the gap width was 2.5 mm, and the
board thickness was 45 mils. There was little changgsef|,
indicating the PEC bridge width does not significantly impact
the noise isolation for practical widths. Next, several gap widths
between the power island and the larger power area were chosen.
The range of gap widths studied was chosen to conform to prac-
tical design limits. TheS,; | was calculated with a gap width of
s = 25 mils, 50 mils, 100 mils, and 200 mils, respectively. In
these cases, the PEC bridge width was 2.5 mm, and the board
thickness was 45 mils. Although thés; | for s = 25 mils was
approximately 3 to 5 dB higher than the other three cases at
some peaks, the difference between these cases was marginal.
The coupling was dominated by the conducting bridge, and, in-
creasing the gap width resulted in little improvement in the noise
isolation.
Connecting the power island to the larger power area with
a surface mount ferrite was also studied with CEMPIE mod-
eling. Two ferrite parts were chosen, and used to replace the
PEC bridge shown in Fig. 1. The ferrite parts were &9@t 100
MHz) component (Steward 25Z21206-1, denoted as Ferrite 1),
Fig. 3. Measured and modelésl,,| at Port 3 for a power island with a PEC @nd @ 6002 (at 100 MHz) component (Murata BLM31A6015S,
bridge connection. denoted as Ferrite 2). The impedance of the ferrite beads was
determined by measuring tt$g; from 10 MHz to 3 GHz with
determined. ThgSs, | was calculated at the same 401 frequen@an HP8753D network analyzer, and convertifig to input
points from 10 MHz to 3 GHz as in the measurements. impedance. An SMA-type PCB mounting connector was used
The measured and modelg; | are shown in Fig. 2 for Port in this measurement, and the ferrite component was soldered be-
2 as the observation port, and Fig. 3 for Port 3 as the obserti@een the center conductor and the ground. This PCB mounting
tion port. The modeled and measured results agree well ogennector was compensated in the measurements with the same
the studied frequency range. Peaks occurred at the board régpe of connectors that were built as open and short. The mea-
nances, for example, the peak at 461 MHz is approximately tisatred magnitudes of the ferrite impedances are shown in Fig. 4.
for theT' M, mode of the continuous board, and 896 MHz foBoth the magnitude and phase of the ferrite bead were incor-
theT My, mode. These TM wave modes were excited when tiporated in the CEMPIE modeling to determij$, | [13]. The
power plane behaved in a microstrip patch antenna fashion [1dipdeled S»; | using Ferrite 1 and Ferrite 2, as well as {l5g; |
[15]. The peak at 2.3 GHz was a resonance due to the powerising the PEC bridge, are compared in Fig. 5. Again, the board
land dimensions. Several factors contributed to the amplitudegh the geometry of Fig. 1 was used. As compared to the PEC
at these resonances, including the dielectric loss and skin-effedtige, the| S, | using ferrite beads decreased dramatically, by
loss. The dielectric loss was found to be the dominant factapproximately 10 to 25 dB below 1.3 GHz. In addition, since
which was modeled in the CEMPIE modeling approach. ForRerrite 2 had a larger impedance than Ferrite 1 from 10 to 350
comparison, the test board was modeled again where the entiidz, the resulting.S»;| was smaller, by approximately 13 dB
top plane was a continuous power plane. The modgled at at 200 MHz. Using a ferrite bead of high impedance improved
Port 2 and Port 3 are also shown in Figs. 2 and 3. The resuhg noise isolation in this frequency range.

Fig. 2. Measured and modeléfl | at Port 2 for a power island with a PE
bridge connection.

IS21] at Port 3 (dB)

Vo N A

N ANY

| = Measured (power island)

i| == - Modeled (power island)

: Modeled (continuous plane)

: i { =-=- Modeled (isolated island)

1000 1500 2000 2500
Frequency (MHz)

I

500 3000
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Fig. 4. Measured impedance magnitude of the ferrite beads connecting the
power island to the larger power area. Port 2
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Fig. 7. Three locations tested for a totally isolated power island.

(%)
(=]

N
S

connecting the shunt capacitors to the planes can limit the per-
formance of ther network if the interconnect inductance be-
--= PEC bridge (2.5 mm)

N
S

- Ferite 1(000) comes too large. Itis critical to have the ferrite impedance much
------- Ferrite 2 (600 Q) greater than the impedance of the capacitors and associated in-
80 i i | Lo mnetwork (Ferrite 1 & caps terconnect inductance. The modelgt; | is shown in Fig. 5,
10 500 1000 1500 2000 2500 3000
Frequency (MHz)

and compared with other configurations. The results indicate

this lumpedr network connection achieved superior noise iso-
Fig. 5. Modeled S, | at Port 2 for connecting the power island with a PEation. Although the two power areas were still connected with

bridge, a ferrite bead, anda network, as compared to a continuous powetic continuity, there was a significant reduction|S§1| at ap-
plane.

proximately 10 MHz due to the shunt capacitors. An additional
10 dB improvement in noise isolation was achieved at most fre-
The geometry using a ferrite bead across two power arepgencies as opposed to the use of a ferrite bead alone. The noise
is essentially ar network. The parallel plane capacitances bésolation as compared to a continuous plane was approximately
tween the power and the ground planes on both sides of &@to 25 dB.
ferrite bead behave as shunt capacitors at lower frequenciefNoise isolation with regard to island location was studied with
Since the interplane capacitances have small values, as wadbtally isolated powerisland, i.e., one having no dc connection.
as distributed properties at higher frequencies, lumped capkor this purpose, three power island locations were chosen, as
itors can be placed on each side of the ferrite to improve tebown in Fig. 7. The power island on the left portion of the board
low-frequency performance. This configuration was modelefL.ocation 1) had the same configuration as in Fig. 1, but had no
Two 0805 SMT 0.1uF lumped capacitors were locatedrin  PEC bridge. Location 2 was in the center of the board. Location
from the gap edges, and on both sides of the connecting f8rwas on the right portion of the board, and symmetric to Lo-
rite bead, as shown in Fig. 6. Ferrite 1 was used to connect ttagion 1 with regard to the centerline perpendicular to the long
power island to the larger power area, and the power-plane cedges of the board. The incident port (Port 1) remained in the
figuration remained the same as shown in Fig. 1. The verticgdme relative location within the power island, and the location
interconnects, as well as the equivalent series inductance (E8tPort 2 was unchanged. Th#&,;| was determined with the
of the lumped capacitors were included in the CEMPIE mo@&EMPIE approach, and the results are shown in Fig. 8. For dif-
eling. The ESL of the capacitors in this study was@tas de- ferent locations, some of the peaks shifted in frequency due to
termined from component impedance measurements. The s change of the modes within the larger power area, and the
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. . ) . Fig. 10. Power-bus noise isolation versus neck width.
Fig. 8. ModeledS2:| for the totally isolated power island at three locations.

0
| a |
I —»l t l*— | -10 '
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power plane EL b
7— Port 2 -30F \
® Port 1 i d ® J \
= 40+
= L / )
dielectric layer \__ = 50
ie 500 SR SOOI SO ST
4 ar ound P lane § Gap location ¢=29 mm
= ok T Gap locat?on ¢=39 mm
Fig. 9. Test geometry of segmented power plane. [ (R it Gap location c=49 mm
=70
distance between the two test ports. However, no significant d %
ference in the overall envelope resulted between these three
cations. Itis more helpful to compare the overall envelopesth 90

0.1 1.0 3.0

the resonances at specific frequencies, because the resona Frequency (GHz)

and clock frequencies vary in applications. In these cases, u..
island location had little impact on the power-bus noise isola:
tion. The shape of the island was also altered by trimming the
corners, but this had little impact on the noise isolation as WeH

.11. Power-bus noise isolation versus gap location.

igh-frequency band, conductive coupling through the neck is
no longer dominant, and there is little difference between the
three cases when the frequency is higher than 1 GHz.

A change in gap width also results in little difference in the

Previous results demonstrated the isolation performance|6$;| results. The studied cases included a gap width ef
a power island with ar network comprised of a series ferritel mm, 2 mm, and 2.5 mm. The gap was located at the center of
and two shunt capacitors. The CEMPIE modeling was also ugbeé board. The effect of changing the neck location was studied
for examining the isolation of larger board areas as a functias well. In these cases, the neck width was kept unchanged at
of geometry factors such as gap and neck sizes, location, gap= 5 mm, whiled = 15, 20, and 25 mm. The gap was at
type,etc A simple segmented power-plane structure as showlre center of the board, arid= 2 mm. The|S»;| results in-
in Fig. 9, with sizes of: = 100 mm,b = 55 mm,c = 49 mm, dicated little change for these cases. Another three cases are
d = 25 mm,e = 5 mm, andt = 2 mm, was modeled with one shown in Fig. 11 wheré = 25 mm,e = 5 mm,¢ = 2 mm, and
geometry factor varying at a time. The board thickness was 43= 29, 39, and 49 mm. The change of gap location results in a
mils. Fig. 10 illustrates the effect on isolation when changing ttelhange of the relative sizes of the two segmented portions, thus
neck width. The neck was located in the center of the board, amdving the resonant frequencies associated with these dimen-
the neck width was 2, 5, and 10 mm, respectively. The changiens. The first resonance was a lumped resonance due to the
of neck width affects the series impedance between the two segiuctance of the bridge with the interplane capacitance of each
mented portions in the low frequency band so that a dramasiegmented plane portion (a lumpechetwork). The change of
shift of the first resonance results. A wider neck has a lower igap location changed the value of each capacitance. However,
ductance, resulting in a higher first resonant frequency. In tivdenc was changed from 49 mm to 39 mm, the first resonance

I1l. POWER-BUS NOISE ISOLATION WITH SEGMENTED
POWER PLANES
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had little change, which is surmised that the change of the ca- 23
pacitance values might not be significant enough to affect the
performance of ther network. And, wherc was changed to

29 mm, the two capacitances had such different values that the
firstresonant frequency started to shift. The second resonant fre- Port 1

guencies in all three cases were associated with board dimen- (30, 25)

sions. When: = 49 mm, the second resonance was due to the 99,0
T My, mode, in other words associated with the 55 mm edge.
Whenc = 39 mm, the second resonance was associated with
the longer edge of the larger segmented plane portion (59 mm), Board 2
which possibly overlapped with the resonance associated with
the T'My; mode. The second resonant frequency was close to Port 1

1.5 GHz for the test board in these two cases. However, when (3& 25)

¢ = 29 mm, the second resonance was associated with a 69 (95,0)
mm edge (the longer dimension of the larger segmented plane 0,0)

portion), which corresponded to 1.2 GHz in frequency. The res-
onance associated with tH&\/;; mode became the third reso-
nance in this case. The behaviors in all three cases were quite
different over a broad frequency range, though the coupling be-
tween the two portions was negligibly impacted. Overall, the Port 1

few cases studied here for a conducting neck indicate that its (30, 25)
configuration has insignificant impact on power-bus noise iso- (94.5,0)
lation.

A conducting neck is used when the segmented portions have
the same logic level. Similar to the power island cases, usin '%‘ 12.
ferrite bead connection, rather than a conducting bridge, results’
in much better noise isolation, as indicated in the previous power
island case. Sometimes, totally isolated power planes are u
to provide power supplies that are required by many IC device g
Since there is no direct conducting path for the noise, a consid
able power-bus isolation can be achieved, especially at low fi =20
quencies. In addition, at higher frequencies, the modal coupli
across the gap can be reduced, and some wave modes ca
disturbed due to the segmentation. As a result, some board |§ -40
onances disappear, or move to higher frequencies correspon(=
to the wave modes excited by the smaller power areas. Ing &%~ &
eral, the structures of the segmentation have a great impact -0 |
the power-bus excitation, and noise isolation. For example, t
T My, mode cannot be excited on the power plane with a cor
plete gap in the middle, while the same gap does not imp: i o
the 7'M, mode. Therefore, many designs of power areas a T bt 3 e e e |
gaps have been tested in an attempt to improve the power- 905 500 1000 1500 2000 3500 3000
isolation [4]. An approach using meandering lines for isolatin Frequency (MHz)
the power areas was also studied herein. Since the currents and
charges must satisfy the boundary conditions at the meande i 13. The modeleff.,, | for two totally isolated power areas with three gap
line edges, it is difficult for some wave modes to be establish&d P>
on the power plane, and potentially, the power-bus excitation is
minimized, and the noise isolation is improved. However, tHeig. 12. The gap width was 2.5 mm in all three cases. In the first
method of using meandering gap lines may introduce some diesign, the two large power areas were isolated by a straight
ficulties in component placement. As a compromise, the meagap. The dimensions of the power areas were 9.%&rtm,
dering lines can be routed in a small area so that the power-plamg 4.85 crmx 9 cm. Triangular and square shape meandering
segmentation has little impact on the layout. lines were used in the other two cases. The meandering lines

Three shapes of gap lines were studied with the CEMPIE apere confined to a 1.25 cx9 cm area, and the two power
proach. The test board had the same configuration as in Figaleas maintained approximately the same size as in the case of
The test port locations were identical. However, in this studg,straight gap. The CEMPIE modeling approach was employed
the top power plane was divided into two totally isolated larg® determine théSs,|. The vertical interconnects of the ports
power areas. Three gap configurations were modeled, a straigete modeled. The modeldds; | results for these three gap
line, a square meander, and a sawtooth meander, as showshiapes are compared in Fig. 13. There were approximately 10-

Board 1 Po.rt 2
(120, 65)

(0,90) 2.5 (150, 90)

Po.rt 2
(120, 65)

SIMVVWAWAL

(150, 0)

—
W N
[

jigE gy

[

Board 3 Port 2

L]
(120, 65)

._.
N
wn

Two totally isolated power areas with three gap shapes. Units are in

0 ! ! ! ! !

-30

SOL

70

# | — Continuous power plane
i | = - - Pattern 1: straight line




442 IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY, VOL. 45, NO. 2, MAY 2003

and 15-dB decreases of the peaks at 735 MHz with the meanfg] H. Shi, “Study of printed circuit board power-bus design with a circuit

dering gap lines as compared to the case of straight gap line. The extraction technique based on a quasi-static MPIE/MOM formulation,”
K d h h d di . f Ph.D. dissertation, Univ. Missouri-Rolla, Rolla, MO, 1997.
peaks were resonances due to the short edge dimension o tﬁ@] J. Fan, H. Shi, A. Orlandi, J. L. Knighten, and J. L. Drewniak, “Mod-

board (90 mm), and also the long edge of the larger power area eling dc power-bus structures with vertical discontinuities using a circuit
(99 mm). The corresponding wave modes were disturbed by the ~ extraction approach based on a mixed-potential integral equation formu-

. . . lation,” IEEE Trans. Adv. Packagvol. 24, pp. 143-157, May 2001.
meande”ng gap lines, and therefore the peak values varied ﬂi] W. C. Chew,Waves and Fields in Inhomogeneous Medi&lew York:

the same observation port. At frequencies beyond 1 GHz, some  Van Norstrand Reinhold, 1990.
peaks shifted in frequency’ but the general envelopes of theég] M. 1. Aksun, “A robust apprOaCh for the derivation of closed-form

. Green'’s functions,IEEE Trans. Microwave Theory Teglvol. 44, pp.
|S21| peaks were approximately the same. In general, the three 51 g5 May 1996

studied gap shapes did not show significant difference with ref13] J. Fan, S. Luan, and J. L. Drewniak, “Including SMT ferrite beads in dc

gard to the noise isolation. However, Comparing Fﬂﬁ| of a power bus and_high—spee_d_l_lo line modeling,’Hroc. IEEE Int. Symp.
. . . . Electromagnetic CompatibilityMontreal, QC, Canada, Aug. 2001, pp.
continuous power plane, the reduction of using two totally iso- 335 339

lated power areas was more than 10 dB at most frequencies. fil4] D. M. PozarMicrowave Engineering2nd ed. New York: Wiley, 1998.
low frequencies, the reduction was up to 40 dB. The totally isol!®] C. A- Baianis fntenna Theory: Analysis and Desigind ed.  New
lated power planes have a high degree of power-bus noise isola- - ey, '
tion, but the high-frequency noise isolation can also be achieved
for power planes with dc continuity using thenetwork de-
scribed in the previous section for power islands.
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