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Abstract—LTCC MCM's for RF and wireless systems often use transmission lines and thus lower conductor loss than circuits
metal filled via holes to improve isolation between the stripline and on Si, GaAs, or Alumina. In addition, it has a low loss tan-
microstrip interconnects. In this paper, results from a 3D-FEM 4ot of 0.002 at 10 GHz, which results in low dielectric atten-

electromagnetic characterization of microstrip and stripline inter- . . -
connects with metal filled via fences for isolation are presented. It uation. LTCC packages comprise many 0.1-0.15 mm thick ce-

is shown that placement of a via hole fence closer than three times r.ami(.: layers with transmission lines on each Iayer (2], [6]. Ver-
the substrate height to the transmission lines increases radiation tical interconnects between the layers are easily manufactured
and coupling. Radiation loss and reflections are increased when a py |laser or mechanical drilling the ceramic when it is in the

short via fence is used in areas suspected of having high radiation. green state. Therefore, a dense package with RF transmission
Also, via posts should not be separated by more than three times li bias li d trol I b factured

the substrate height for low radiation loss, coupling, and suppres- Ines, bias lines, a_ln con r_o Ines can_ e.mar_1u ac_ ured.

sion of higher order modes in a package. However, the high density of transmission lines increases the

Index Terms—Coupling, crosstalk, MCM, microstrip, mi- potentiql for coupling or crosstalk. The RF integrated circuits
crowave transmission lines, stripline. are typically mounted on the surface. Therefore, although
most of the RF signal routing is done with stripline, the
final connection to the integrated circuits requires microstrip.
Microstrip transmission lines radiate at discontinuities [7], and

F and wireless package designs must become smalicrostrip and stripline couple to neighboring transmission

to satisfy the demands of the commercial and goverfines [8]. While couplers do make use of this coupling, radiation
ment markets. Simultaneously, the package must house datd coupling usually contribute to spurious resonances and
processing, biasing, and memory circuits in addition to thkegraded circuit performance. To help alleviate the coupling,
RF circuits to reduce the overall system size and complexitpetal filled via holes are often used to electrically isolate areas
Even more ambitious systems being developed by NASX the package since they are inexpensive to build using LTCC
include microelectromechanical (MEM) gyroscopes, actiiechnology [9]-[11]. In addition, via holes may be constructed
pixel sensors, and other micromachined scientific instrumeringo fences through which microstrip or stripline transmission
with the already mentioned electronic circuits to create entiliges pass [12]-[14]. Thus, an LTCC MCM will appear as
systems in a package. While the size of the package is besipwn in Figs. 1 and 2. A difficulty facing package designers
reduced and the complexity increased, the cost must atbough is a lack of design rules on the proper placement of the
be reduced. To achieve these utopian goals, many multichig posts.
module (MCM) technologies have been proposed [1]-[5], but In this paper, we utilize a 3D-Finite Element Method (FEM)
low temperature cofired ceramic (LTCC) may be the idedl5] to evaluate the use of metal filled via hole fences to de-
packaging technology. crease the coupling between adjacent microstrip lines and ad-

The material used in LTCC packages has a moderate dielgsent striplines. Novel shielding structures are developed that
tric constant4 < &, < 8, which permits wider microwave lower coupling between microstrip lines by 10 dB. Then, de-

sign rules are proposed to reduce radiation loss and coupling

Manuscript received November 25, 1998; revised November 30, 1999. THS LTCC packages. All of the structures analyzed are typical
work was presented in part at the 3rd International Wireless Communicatid@ standard LTCC packages and thus relevant for package de-
ICEOEnéeI\r/IeTn?eS (l\évtgri;ﬁf)n'alsﬁ?cﬁﬁgﬁ”e gAr,nNg;imbggﬁﬁér?&SDagSntg? 119§ﬁgners, but the results are applicable to other multilayer circuit
1998. This work was supported by theyNApSA Glénn Resear’ch éenter andiﬁghnomg!es such as MCM-D and MCM'L and surface mount
University of Michigan Center for Parallel Computing, which is supported ilechnologies on FR4 and RT/Duroid microwave substrates as
part by NSF Grant CDA-92-14296 and the Ford Motor Company.

we
G. E. Ponchak is with the Electron Device Technology Branch, NASA Glenn
Research Center, Cleveland, OH 44135 USA.

. INTRODUCTION

D. Chun and L. P. B. Katehi are with the Department of Electrical Engineering II. MICROSTRIP ANDVIA HOLE FENCES
and Computer Science, University of Michigan, Ann Arbor, Ml 48109-2122, )
USA. Fig. 3illustrates a microstrip line surrounded by a fence made

J.-G. Yook is with the Department. of Information and Communicationso]c | filled via hol All of th . io li | d
Kwang-Ju Institute of Science and Technology, Kwang-Ju 500-712, Korea. OF Metal filled via holes. All of the microstrip lines analyze

Publisher Item Identifier S 1521-3323(00)02239-5. in this paper have a relative substrate permittivityof 5.2; a

1521-3323/00$10.00 © 2000 IEEE



PONCHAK et al: USE OF METAL FILLED VIA HOLES FOR IMPROVING ISOLATION 89

Monolithic Microwave
Integrated Circuits (MMICs)

Multiple
Ceramic <
Layers

Upper
Groundplane

Lower Groundplane Metal-filled Via Holes

Fig. 1. lllustration of low temperature cofired ceramic (LTCC) microwave multichip module (MCM).

sary to avoid unwanted dielectric filled rectangular waveguide

Microstrip }ﬁgigg‘n nect type modes to propagate between the_two metal fences. Since
the S-parameters do not vary greatly with frequency, the char-
; f&?{\ \ acteristics are presented as a function of the geometric parame-
o ters to permit design rules to be obtained.
tuttipte s : The magnitude of the return and insertion 1d$s; | and| S |
Layers S i respectively, are plotted in Fig. 4(a) and (b) respectively asa func-
\ oo : ? L tion of S and the distance between the via hotésnormalized
\ \ to the substrate thickneds, Since the conductor and dielectric
Stripiine Metal-filled Stripline losses are zerd,— |S11|? — |S21|? yields the radiation loss and

is also shown on Fig. 4(a). The radiation lds&, |, and| S, | all
Fig. 2. Cross sectional view of low temperature cofired ceramic (LTC egrade a§/h deqreases aiz/h mcreafc‘es' Itis also seen thajt
microwave multichip module (MCM). /h > 3isrequired for low attenuation and return loss; this

agrees with the microstrip design rule of maintaindgsepara-
substrate thickness of 0.25 mm; a strip widthiW of 0.414 tion between components [16]. As a basis of comparison, the ra-
mm, which results in a 5@ characteristic impedance; and theliation loss|S11 ]|, and|S2; | for an isolated microstrip line at 25
via holes are 0.25 mm in diameter. All of these parameters db#lz are calculated using the FEM toti2 dB,—35 dB, and-0.3
standard for production LTCC packages. dB respectively. Therefore, a metal fence changes the microstrip

Initially, the microstrip lines were characterized over the frdine characteristic impedance and thus increases the return loss.

quency range of 10 to 40 GHz with the conditions that the metgBhroughout this paper, the line widths are not changed to main-
are perfect electrical conductors and the dielectrics are perfeaih 50 Ohm characteristic impedance as the via fences are intro-
insulators. Thus, any attenuation that is presented is only dualtaced.) More importantly, a via fence witiYh > 3 decreases
radiation loss. The scattering parameters do not vary by mahe radiation loss by approximately 3 dB.
than a few percent over this bandwidth if the distance betweenThe calculated effective permittivity is determined from the
the via hole fenceS + W, is less tham\;/2 where), is the guided wavelength),, of the microstrip mode and the free
wavelength in the dielectric medium aisdis the distance be- space wavelengtiy, e.x = (Ao/Ay)?, and is shown in Fig. 5.
tween the microstrip and the via post. This condition is nece&gain, it is seen that when the via fence is greater iaaway
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Fig. 3. (a) Schematic of microstrip line with surrounding metal filled via hole fence and (b) cross sectional cut.
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Fig. 4. Calculated (a) radiation loss and refection 1¢Ss, |, and (b) insertion losgSz: |, for microstrip line surrounded by a continuous metal filled via fence
both with and without a connecting strip on the top surface of the vias.

5 4.3 top view of the magnitude of the electric fields for microstrip
o 42 no via fence lines with.S/h = 1 andG/h of 6 and 1.6 respectively. Even
E 41 for a very small via post spacing 6t/ = 1.6 or G = A, /9

-*E‘ 40 where ), is the wavelength of the microstrip mode, there are
o significant fields outside of the via fence. It is these fields that
S- 3.9 give rise to radiation attenuation.

2 38 In all of the field plots shown in this paper, the amount of
é 37 radiation can be roughly quantified by noting the extent of light
W 3¢ blue, green, and yellow away from the microstrip lines. Dark

10 15 20 25 30 35 blue is used to indicate regions with no electric fields, or zero
fields within the accuracy of the FEM analysis. Therefore, in
Fig. 6(a), it is seen that the fields are approximately 30 dB lower
Fig. 5. Calculated effective dielectric constant of microstrip line surroundé@mediately outside the via fence and 60 dB lowefat = 6

by a continuous via fence. away from the strip than on the strip itself.

Noticing that radiation loss decreases as the via posts are
from the microstrip lineS/h > 3, the propagation constant ofplaced closer together, the lowest radiation loss should be ob-
the fence surrounded microstrip is similar to the isolated ntiained by creating a solid metal wall. However, LTCC package
crostrip. Notice that.g is lower when the via fence is nearmanufacturing does not permit this. An alternative approach
the microstrip line indicating that the electric fields are termiproposed here is to use a metal strip to connect the tops of every
nating on the top of the metal via posts instead of on the groumia post in the fence as shown in Fig. 7. The radiation loss, re-
plane. Using standard Transverse Electromagnetic (TEM) tratigrn loss, and insertion loss for this new structure is shown in
mission line analysis, decreasiagy as the metal via fence is Fig. 4(a) and (b) where itis seen that the additional strip provides
brought closer to the microstrip line indicates increasing ch&8-dB reduction in radiation loss and lower return loss compared
acteristic impedance. This is confirmed by the sign of the calcto-the simple via fence. Fig. 8, which shows the electric field for
lated return loss in the FEM analysis. Fig. 6(a) and (b) show tkiee microstrip lines shown in Figs. 3(a) and 7, illustrates that

Frequency (GHz)
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Fig. 6. Top view of the electric field distribution of microstrip line surrounded by a continuous via fence at 2%@Hz 1, (a)G/h = 6 and (b)G/h = 1.6.

posts. Furthermore, the strong coupling, especially in the for-
ward direction(S4; ), is easily seen. The magnitude of the elec-

tric fields for the same structure as in Fig. 10(a) but with a strip
connecting the via posts is shown in Fig. 10(b). Lower coupling
in both the forward and backward directions is clearly seen. A
similar structure without a via is also evaluated. Forward cou-
pling for each of the three structures is shown in Fig. 11. It is
Metal-filled Via interesting to note that the via fence without the connecting strip

€r=52 provides no reduction in coupling compared to two parallel mi-

h=025mm crostrip lines, and in fact, the coupling is increased by 1-2 dB
Perfect Electric Conductor over most of the frequency range. However, the addition of the
(PEC) Ground Plane connecting strip reduces the coupling by an average of 8 dB and

a maximum of 10 dB. These observations agree with the results
Fig. 7. Schematic of microstrip line surrounded by a continuous via fence tfgir radiation loss of microstrip lines shown in Fig. 4. Fig. 11
is connected by a metal strip on the substrate surface. also shows that while wide via posts spacing, Ia@yél, may

be used below 20 GHz, a minimum via spacing of 3.2 is required

the reduction in radiation loss is due to better field confinemefgr low coupling through 40 GHz.
in the substrate and in the air immediately above the microstripln LTCC packages, short via fences around areas that are sus-
line. It must be noted that the connecting strip used in this pagmcted of having high radiation such as vertical interconnects
is the same width as the via hole diameter. Therefore, the propad highly reflective terminations are often used [9]-[11]. The
gating mode is a hybrid microstrip/finite ground coplanar waveise of these localized fences is investigated by characterizing
guide [17] mode and the surface of the substrate is still availalalesix-post fence witlz/h = 1.6 on both sides of a long mi-
for other interconnects and integrated circuits. This is differeatostrip line as shown in Fig. 12. The magnitude of the electric
from the connecting strips used in [12] that resultin CPW modéslds for this figure are shown in Fig. 13 where the field distur-
and utilizes the entire surface of the substrate. bance created by the localized via fence is seen. The radiation
While attenuation degrades circuit efficiency, radiation aldoss,|S11|, and|S»| for this structure are shown in Fig. 14. As
leads to coupling or crosstalk, which often leads to severe civith the continuous via fencé,/h > 3is required for optimum
cuit performance degradation. Coupling between two parallgharacteristics. However, through comparison with Fig. 4, it is
microstrip lines of approximately 11.7 mm in length on oppcseen that the radiation loss is 3-5 dB higher for the localized via
site sides of a via fence as shown in Fig. 9 is evaluated usifggce while|.S;;| for the two cases has similar values.
the 3D-FEM. Port 1 is excited with the microstrip mode and Hence, if coupling problems are suspected in microstrip cir-
the magnitude of the resulting electric field is determined at tloaiits, a continuous via fence connected on the top by a metal
other ports. Fig. 10(a) shows a top view of the electric field distrip should be used. Furthermore, transmission characteristics
tribution for the case of /i = 3 andG@/h = 1.6. Clearly vis- are improved if the via holes are placed as close together as pos-
ible as dark spots between the two microstrip lines are the \dg#le, and the via fence should be separated from the microstrip
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Fig. 8. Cross sectional cut of the electric field distribution of a (a) microstrip line surrounded by a continuous via fence and (b) microstnipdiméesiiby a
continuous via fence with a connecting strip at 25 GHz aptl = 1.

Radiation loss|S11|, and |S21] as a function ofS/h and

G/h are plotted in Fig. 16. Similar to the microstrip results, all
three parameters degrade when the via fence is too close to the
stripline, S/h < 2, and the characteristics improve if the via
posts are closer together. However, the degradation in charac-
teristics for smallS/h values is not as great for stripline com-
pared to microstrip. Upon further comparison to microstrip, it
is also noted that the radiation loss of stripline is approximately

Port2  Absober port 4

Metal-filed Via

Ground Plane 5 dB lower than for microstrip. The field distribution of the two
striplines at 25 GHz witlt /i = 1 and@/h = 5.2 and 1.3 are
Ei=52 shown in Fig. 17(a) and (b) respectively. While there are strong
h =025 mm electromagnetic fields outside the via fence when the via posts

are widely separated, closely spaced via posts appear to com-
pletely confine the fields. This is different then the microstrip
case shown in Fig. 6(b) where fields could extend over the fence
Fig.9. Schematic of two microstrip lines separated by a metal filled via fenddirough the air.

Localized via fences of six posts on both sides of the stripline
. ) . are also characterized. The characteristics of a stripline with
line by at least three times the substrate thickness. When c@ur;, _ 1 3 45 a function ofS/h are shown on Fig. 16. With

pling does occur, it will be approximately 8 dB stronger in thg,gnect ta5 /1, the characteristics vary in the same way as they
forward direction compared to the backward wave coupling. 44 for the continuous via fence, but the radiation loss is at least 5
dB higher andS$1:| is as much as 8 dB greater for the localized
fence. Fig. 18 shows the top view of the electric field distribu-
tion for the stripline at 25 GHz witls/h = 1 andG/h = 1.3.
Stripline surrounded by a via hole fence is illustrated ifihe higher radiation loss and reflection is seen to be caused by
Fig. 15. The ground plane separatidh, is 0.50 mm, the strip a large perturbation in the electric fields that normally extend
width is 0.19 mm, and all of the other parameters have the samgwards from and parallel to the strip when the field encoun-
value as for the microstrip case. Similar to the characterizatiters the via posts.
of the microstrip lines, the stripline cases do not have a strongRadiation from parallel striplines such as shown in Fig. 19
frequency dependence #S + W < \;/2, and this again also leads to coupling. Forward couplirfy,; , between two 13
permits the results to be plotted as a function of the geometnin long, 5022 striplines separated by a via fence wit, = 1
parameters and not frequency. andG/h = 1.3 and between two striplines with no via fence is

Absorber

lll. STRIPLINE AND VIA HOLE FENCES
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Fig. 10. Top view of the electric field distribution of two microstrip lines separated by a continuous metal filled viaffeac¥ GHz, (a)S/h = 1,G/h = 1.6
no strip and (b)5/h = 1,G/h = 1.6 with connecting strip.
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Fig. 11. Calculated forward couplindys:, between two microstrip lines
separated bgh as a function of frequency and via posts spacing. Fig. 12. Schematic of microstrip line with a short via fence on both sides.
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Fig.13. Top view of the electric field distribution of microstrip line surroundec \
by a localized via fence at 25 GHg/h = 1,G/h = 1.6.
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o _qp ", Fig. 15. (a) Schematic of stripline surrounded by a continuous metal filled via
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Fig. 14. Calculated (a) radiation loss and reflection Idss,|, and (b) -0.6
insertion loss|Sz1|, for microstrip line surrounded by a 6-posts metal filled 1 2 3 4
via fence.

Ratio of vial/line space to
substrate thickness, S/h
shownin Fig. 20. Across the frequency band of 10 to 40 GHz, the
couplingisreducedbyanaverage of10dBwhenaviafenceisused. (a)

Thus, itis seenthatviafences are useful forreducing couplin -
’ ioli butth fulf duci 9 F: 9 |eg 16. Calculated (a) radiation loss and reflection Ids&,|, and (b)
tween striplines, butthey are not useful for reducing coupling l3ﬁ§ertion loss|S21], for stripline surrounded by a continuous metal filled via

tween microstrip lines unless a strip connects the metal posts. fence and a short, 6-posts, via fence.
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(b)

Fig. 17. Top view of the electric field distribution of stripline with a continuous metal filled via fence at 25 SHz,= 1, and (a)G/h = 5.2 and (b)
G/h = 1.3.

Based on these results for stripline, a continuous via fence IV. VIA FENCE PARTITIONS

placed at leasth away from the strip reduces radiation, and

via fences reduce coupling between parallel striplines by 10As shown in Fig. 1, a typical MCM is typically partitioned
dB. However, short via fences placed along a stripline increaset smaller compartments to reduce coupling between circuits.
reflections and radiation loss. Radiation loss and coupling aka open ended transmission line is known to radiate and there-
both reduced as the separation between via posts is reducedore is a perfect test circuit to evaluate the use of via fences to
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Fig.21. Schematic of two open ended striplines enclosed in a metal cavity and
separated by a via fence.

Fig. 18. Top view of the electric field distribution of stripline with a 6-post
metal filled via fence at 25 GHZA/h = 1, andG/h = 1.3.
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Fig. 19. Schematic of adjacent striplines separated by a metal filled via fence. %
o
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(/2] TE
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o 3
£ 25
= (b)
3 -30
o Fig. 22. Calculated coupling between two open-ended striplines in a metal
° —e— nofence cavity as a function of the number of via posts.
g -35 —v— via fence
Q -0 the distance between open ends is 7.2 mm, and all other pa-
5 10 15 20 25 30 35 40 45 rameters are the same as described earlier. The characterization

Frequency (GHz) is performed over a wide frequency band so that the package
supports higher order modes when no metal filled via posts are
Fig. 20. Calculated forward couplingis:, between two parallel striplines present. Initially, the circuit is characterized for the case with
with and without a via fence. no via holes. As expected, there is less than 70 dB of coupling
between the two striplines at low frequencies, but when the fre-
partition a cavity. Fig. 21 shows a schematic of two open-endgdency,f, is greater than the cutoff frequency of thepEect-
striplines that is characterized. The striplines are separated tyngular waveguide modg; ¥, coupling increases to nearly 3
distance oS + D,, = 3h whereD, is the via hole diameter, dB as shown in Fig. 22(a). Fig. 22(b) shows that a single role of
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Fig. 23. Schematic of a stripline passing through a continuous metal filled \
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@) (b)

Fig. 25. Top view of the electric field distribution of stripline passing through
a continuous metal filled via fence Af fo "1° = 1.44, and (a)G/h = 56.76
and (b)G/h = 6.2.

ended stripline and not due to the proximity coupling presented
in earlier sections.

Discontinuities that radiate less are found to require fewer
via holes. Fig. 23 shows an illustration of a stripline bending
and passing through a continuous via fence from one section
of an MCM to another section. Using the same parameters as
for earlier cases, the structure is analyzed as a function of fre-

Fig. 24. Calculated insertion and reflection loss of a stripline passing througtuency and=/h. Fig. 24 shows the insertion and reflection loss
a continuous metal filled via fence in a metal cavity as a function of the numbgyy this structure as a function of normalized frequency and via
of via posts.

hole placement. Again, it is seen that if no via posts are used
or if the via posts are too widely spaced, the transmission line

via posts can be effective in suppressing higher order modes ahdracteristics are severely degraded above the cutoff frequency
reducing coupling abovg! e but the via fence provides little of the packages T&g mode. However, if7/h < 6.2, there is

or no reduction in coupling beloyi**w. For coupling below no degradation in the line characteristics, and satisfactory char-
80 dB from0.7 < f/fTEw < 1.7, G/h < 40orG < )\./4 acteristics are obtained f6f/h = 27.8. Fig. 25 more clearly il-

is required. Note that the two striplines are not adjacent to edadstrates this. Note the strong T@ectangular waveguide mode

other here as they are in Fig. 19; thus, the coupling presentedrig. 25(a); whereas in Fig. 25(b), only the strip line mode is
in Fig. 22(a) and (b) is strictly due to radiation from the opepresent.
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Although an MCM package may be partitioned by using a via [8]
fence withwide postspacingifthe circuitis designed withwell be-
haved components, not all circuits can avoid components knowrjigl
to radiate such as open circuit terminated stubs, short circuit ter-
minations, and vertical interconnects. Therefore, via fences useigo]
for partitions should have a post spacing of less thian

V. CONCLUSION [11]

The use of metal filled via holes in LTCC packages has
been characterized. It has been shown that coupling betwe%]
microstrip lines is not reduced by a simple via fence, but
by adding a metal strip to connect the tops of each post, the
coupling is reduced by 8 dB. Coupling between two stripline§13]
is reduced by 10 dB when a continuous via fence is used and is
approximately 15 dB lower than for two microstrip lines with
a via fence and connecting strip. Therefore, stripline is a bettet”
transmission line for multilayer package interconnects. For
both transmission lines, short via fences increases radiation lo§$]
and reflections by perturbing the propagating mode. Thereforqls]
only continuous via fences should be used. When via fences
are used, they should be placed three times the substrate height
apart from the strip and the posts should be placed as cIosE§7]
together as possible. A maximum post spacing of three times
the substrate height is recommended. (18]

The results of this paper demonstrate methods that may be
used by circuit and package designers to lower coupling between
adjacent microstrip and stripline circuit elements. Using the via
fence structures described in this paper, coupling of 22 dB and
39 dB between parallel microstrip lines and between paral
striplines at 10 GHz has been demonstrated respectively.
is a reduction in coupling of 8 dB and 15 dB compared to lin
without via fences for the microstrip and stripline respectivel
While this improvement is important for many circuits, it is no
sufficient for separating circuits in a multi-chip package whel

isolation of more than 80 dB is often required. Thus, further d \
ol

velopment is required, possibly by using two roles of via fenc

IEEE TRANSACTIONS ON ADVANCED PACKAGING, VOL. 23, NO. 1, FEBRUARY 2000

R. E. Collin,Foundations for Microwave Engineering New York: Mc-
Graw-Hill, 1992, pp. 164-175.

J. W. Gipprich, “EM modeling of via wall structures for high isolation
stripline,” in Proc. Dig. Workshop WWFC, Interconn. Packag. Technol.
Issues, |IEEE Int. Microwave Symsan Diego, CA, June 1994, pp.
78-114.

J. Gipprich, C. Wilson, and D. Stevens, “Multilayered 3-D packaging
issues,” inProc. Dig. Workshop WFC, Interconn. Packag. RF Wireless
Commun. Syst., IEEE Int. Microwave Syniyenver, CO, June 13, 1997.
J. Gipprich and D. Stevens, “Isolation characteristics of via structures
in high density stripline packages,” Rroc. Dig. Workshop WME, Mul-
tilayer Microwave Circ., IEEE Int. Microwave SymBaltimore, MD,
June 12, 1998.

M.-K. Kim, “Crosstalk control for microstrip circuits in PCB’s at mi-
crowave frequencies,” iRroc. Int Symp. Electromagn. Compét995,

pp. 459-464.

G. E. Ponchak, D. Chen, J.-G. Yook, and L. P. B. Katehi, “Charac-
terization of plated via hole fences for isolation between stripline cir-
cuits in LTCC packagesfEEE MTT-S Int. Microwave Symp. Djgp.
1831-1834, 1998.

——, “Filled via hole fences for crosstalk control of microstrip lines in
LTCC packages,” ifProc. 3rd Int. Wireless Commun. Conf. (WCC '98)
Dig., San Diego, CA, Nov. 3, 1998, pp. 96-100.

,Proc. IMAPS 1998 31st Int. Symp. Microelectrdgan Diego, CA,
Nov. 4, 1998.

J.-G. Yook, N. Dib, and L. Katehi, “Characterization of high fre-
guency interconnects using finite difference time domain and finite
element methods,|EEE Trans. Microwave Theory Techvol. 42, pp.
1727-1736, Sept. 1994.

R. Goyal,Monolithic Microwave Integrated Circuits: Technology & De-
sign  Norwood, MA: Artech House, 1989, pp. 358-372.

G. E. Ponchak and L. P. B. Katehi, “Finite ground coplanar (FGC) wave-
guide: A better transmission line for microwave circuitddv. Micro-
electron, vol. 25, no. 3, pp. 15-18, May/June 1998.

George E. Ponchak(S'82-M'83-SM’'97) received
the B.E.E. degree from Cleveland State University
(CWRU), Cleveland, in 1983, the M.S.E.E. degree
from Case Western Reserve University, Cleveland,
OH, in 1987, and the Ph.D. degree from the Univer-
sity of Michigan, Ann Arbor, in 1997.

In July 1983, he joined the staff of the Com-
munication Technology Division, NASA Lewis
Research Center, Cleveland, where he is now
a Senior Research Engineer. He was a Visiting

parallel to each other or connecting the via fences in stripline

Cir- Lecturer at CWRU, Cleveland, for the 1997-1998

school year. He is the author and co-author of more than 50 papers in refereed

cuits together as was presented here for the microstrip lines. journals and symposia proceedings. He is interested in the development and

(1]

characterization of microwave and millimeter-wave printed transmission lines
REFERENCES and passive circuits, multilayer interconnects, uniplanar circuits, microwave
microelectromechanical (MEMS) components, and microwave packaging. He
R. W. Johnson, R. K. F. Teng, and J. W. Baldéultichip Modules has been responsible for the technical management of GaAs, InP, and SiGe
Systems Advantages, Major Constructions, and Material TechnolgMIC development grants and contracts. In addition, he is interested in the

gies New York: IEEE Press, 1991.

R. L. Brown, P. W. Polinski, and A. S. Shaikh, “Manufacturing of
microwave modules using low-temperature cofired ceramicsPrat.
1994 IEEE MTT-D Int. Microwave Symp. Did.994, pp. 1727-1730.
H. Sakai, Y. Ota, K. Inoue, T. Yoshida, K. Takahashi, S. Fujita, and M.
Sagawa, “A novel millimeter-wave IC on Si substrate using flip-chip
bonding technology,” ifProc. 1994 IEEE MTT-S Int. Microwave Symp.
Dig., 1994, pp. 1763-1766.

G. White, E. Perfecto, D. McHerron, T. DeMercurio, T. Redmond, an
M. Norcott, “Large format fabrication—A practical approach to low cos
MCM-D,” IEEE Trans. Comp., Packag., Manufact. Technolv@. 18,

pp. 37-41, Feb. 1995.

R. A. Fillion, R. J. Wojnarowski, T. B. Gorcyzca, E. J. Wildi, and H.
S. Cole, “Development of a plastic encapsulated multichip technolog
for high volume, low cost commercial electronicEFEE Trans. Comp.,
Packag., Manufact. Technol, Bol. 18, pp. 59-65, Feb. 1995.

R. W. JohnsonModular series in hybrid microelectronics Reston,

VA: International Society for Hybrid Microelectronics, 1991.

N. G. Alexopoulos and S.-C. Wu, “Frequency-independent equivalent
circuit model for microstrip open-end and gap discontinuitiéEFE
Trans. Microwave Theory Teghvol. 42, pp. 1268-1272, July 1994.

(2]

(3]

(4]

(5]

(6]
(7]

\

reliability of GaAs and SiGe MMIC's for space applications.

Dr. Ponchak received the Best Paper of the ISHM’97 30 th International Sym-
posium on Microelectronics Award and is a member of the International Micro-
electronics and Packaging Society (IMAPS).

Donghoon Chunwas born in Korea. He received
the B.S and M.S. degrees in electronics engineering
from Dong-A University, Pusan, Korea, in 1988
and 1992 respectively, and the M.S. degree in
electrical engineering and computer science from
the University of Michigan, Ann Arbor, in 1996,
5 where he is currently pursuing the Ph.D. degree.

He is a Research Assistant in the University of
Michigan’s Radiation Laboratory. His research
interests are the electromagnetic characterization of

A ; clectr char
microwave monolithic integrated circuits (MMIC’s)

using the hybrid finite-element-method (FEM)/method-of-moment (MoM)
with emphasis on parallel computing.



PONCHAK et al: USE OF METAL FILLED VIA HOLES FOR IMPROVING ISOLATION 99

Jong-Gwan Yook (S’86—M'97) was born in Korea.
He received the B.S. and M.S. degrees in electronic
engineering from Yonsei University, Seoul, Korea, in
1987 and 1989, respectively, and the Ph.D. degre
from the University of Michigan, Ann Arbor, in 1996.
Currently he is an Assistant Professor at the |
Kwang-Ju Institute of Science and Technology 2
(K-JIST), Korea. His main research interests are irg
the area of theoretical/numerical electromagnet
modeling and characterization of microwave/mil
limeter-wave circuits and components, VLSI a

Linda P. B. Katehi (F'95) received the B.S.E.E.
degree from the National Technical University of
Athens, Greece, in 1977 and the M.S.E.E. and
Ph.D. degrees from the University of California, Los
Angeles, in 1981 and 1984, respectively.

In September 1984, she joined the faculty of the
Electrical Engineering and Computer Science De-
partment, University of Michigan, Ann Arbor, where
she is currently an Associate Dean for Graduate
Education and a Professor of electrical engineering
and computer science. She has been interested

MMIC’s interconnects, and RF MEMS devices using frequency and tima the development and characterization (theoretical and experimental) of
domain full-wave methods, and development of numerical techniques fmicrowave, millimeter printed circuits, the computer-aided design of VLSI
analysis and design of high-speed high-frequency circuits with emphasisinterconnects, the development and characterization of micromachined circuits

parallel/super computing and wireless communication applications.

for millimeter-wave and submillimeter-wave applications and the development
of low-loss lines for terahertz-frequency applications. She has also been
studying theoretically and experimentally various types of uniplanar radiating
structures for hybrid and monolithic circuits, as well as monolithic oscillator
and mixer designs.

Dr. Katehi received the IEEE Antennas and Propagation Society (APS) W. P.
King (Best Paper Award for a Young Engineer) in 1984, the IEEE AP-S S. A.
Schelkunoff Award (Best Paper Award) in 1985, the NSF Presidential Young
Investigator Award and an URSI Young Scientist Fellowship in 1987, the Hum-
boldt Research Award and The University of Michigan Faculty Recognition
Award in 1994, the IEEE MTT-S Microwave Prize in 1996 and the 1997 Best
Paper Award from the International Society on Microelectronics and Advanced
Packaging. She is a member of IEEE AP-S, MTT-S, Sigma Xl, Hybrid Micro-
electronics, URSI Commission D, and a member of AP-S ADCOM from 1992
to 1995. She is an Associate Editor for the IEEEANSACTIONS ONMICROWAVE
THEORY AND TECHNIQUES SOCIETY.



