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ulator HP-Momentunt. Fig. 4 compares simulated and modeled[7] L. A. Hayden and V. K. Tripathi, “Characterization and modeling of
S-parameters of the structure of Fig. 3. Two models are considered. fl\f/:_U'tiple |ineTirf1“8fCO¥nehCﬁ0|nS4 fzfom tiT;ggOT;\éilf; mseasurfgngimahs.

: ; - i : ; ; icrowave Theory Techvol. 42, pp. - , Sept. .
The first one is a low frequgn(;y ql.JaSI StaFIC model, WhICh Con.SIStl??] C. E. Abernethy, A. C. Cangellaris, and J. L. Prince, “A novel method
of cascaded coupled transmission-line sections from which the circuit” o neasuring microelectronic interconnect transmission line parameters
parameters are determined with a quasi-static EM solver [11]. The and discontinuity equivalent electrical parameters using multiple reflec-
quasi-static model does not include field effects at the location of tions,” IEEE Trans. Comp., Packag., Manufact. Technolvél. 19, pp.
the discontinuities. The second model is obtained with the described 32-39, Feb. 1996.

. . . . S. Sercu and L. Martens, “A new algorithm for experimental circuit
algorithm starting from the simulatefi-parameters. The algorithm modeling of interconnection structures based on causalBEE Trans.

is applied with a smooth step signal with rise titie = 100 ps. Comp., Packag., Manufact. Techno].\Bl. 19, pp. 289—295, May 1996.
Fig. 4 shows that the derived model is valid up to 7 GHz and th&o0] J. M. Jong, L. A. Hayden, and V. K. Tripathi, “Time domain measure-

the field effects of the discontinuities must be considered in the ments, characterization and modeling of interconnects40ith ARFTG
equivalent-circuit model. Conf. Dig, Orlando, FL, Dec. 3-4, 1992, pp. 96-103.

. . . . 1] F. Olyslager, D. De Zutter, and K. Blomme, “Rigorous analysis of the
The second example is shown in Fig. 5. The DUT consists gf propagation characteristics of general lossless and lossy multiconductor

two connector pin’s of a multipin’s backplane connector placed transmission lines in multilayered medialEEE Trans. Microwave
on a component board and a backplane board. Striplines on both Theory Tech.vol. 41, pp. 79-88, Jan. 1993.

printed circuit boards are making contact with the connector pin’s.

In order to connect the striplines with the measurement instrument,

the component board is provided with planar contacts for coplanar

probes, while the backplane board has SMA connectors. Measure-

ments are performed with the HP8510 network analyzer from F@oax Via—A Technique to Reduce Crosstalk and Enhance

ol fo the connector ia holes and the conniector pins fs shown TIPE4aNCE Match at Vias in High-Frequency Mulilayer
P Packages Verified by FDTD and MoM Modeling

Fig. 6. The connector via holes are modeled with a transmission line,
while the connector pin’s are modeled by three coupled transmission
lines. Fig. 7 compares measured and modeled reflection, transmission,
backward, and forward crosstalk for an incident step signal with a
rise time of 150 ps. As can be concluded from these pictures, not onlyzpstract—t arge-scale crosstalk at vias and poor via electrical perfor-

reflection, but also transmission (rise-time degradation) and crosstalince are major drawbacks in state-of-the-art high-frequency multilayer
are accurately modeled. first- or second-level integrated-circuit/monolithic-microwave integrated-
circuit (IC/MMIC) packages. The coax via design modeled in this pa-
per breaks new ground in achieving more than 30-dB ultrawide-band

IV. CONCLUSION crosstalk reduction and providing an enhanced impedance match.

Edward R. Pillai

An algorithm is presented for the circuit modeling of coupled
interconnection structures. Based on the principle of causality, a I. INTRODUCTION
hybrid circuit-model equivalent consisting of lumped elements, trans-
mission lines, and coupled elements is derived for the structure undeThe multilayer integrated-circuit (IC) package known as a single-
test. The simulation and measurement examples show that reflecteitip module (SCM) or multichip module (MCM) used in high
transmission, and crosstalk properties of the interconnection dmeut/output (I/O) digital applications—whether organic, alumina,
accurately modeled. or glass/ceramic based—is now being aggressively sought after as
the circuit carrier of choice in integrating microwave, RF wireless,
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Fig. 3. (a) Time-harmonic vertical electric-field component in decibels at 10 GHz for cross-section “front view” in Fig. 1(a) without shieldir{g)vias.
Time-harmonic vertical electric-field component in decibels at 10 GHz for cross-section “front view” in Fig. 1(a) with two shielding vias periaignal v
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Fig. 4. Scattering-parameter results calculated with the MoM for the coupled microstrip-to-stripline vias with zero, two, and six coax shaslding vi

will significantly reduce crosstalk. Hence, this idea of the coax vianalysis tool, as it is better suited to planar structures, requiring
is introduced. The ball-grid array (BGA) area-array interconnectidass discretization (basis functions), and hence, lower computational
used in the SCM and MCM lends itself excellently to implementingverhead.
the coax via, not possible in many other types of packages.

The finite-difference time-domain (FDTD) method [3] and method Il. COUPLED STRIPLINE-TO-STRIPLINE COAX VIAS

of moments (MoM) [4], [S]—well-established electromagnetic The structure in Fig. 1(a) with, = 4, tan § = 0.024, apd = 0.4

(EM) full-wave tools—are used to analyze the coax via. Thgm, pd = 03 mm,vd = 0.2 mm, » = 0.11 mm, ¢d = 1
three-dimensional (3-D) FDTD is used for verification, while thenm, sep = 1 mm, andws = 0.111 mm (50 ) is initially

two-and-one-half dimensional (2.5-D) MoM is used as the primagomputed without the use of the surrounding shielding vias. Although
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a reasonable matdi¥11]| is seen in Fig. 2(a), the transmissitf21| Fig. 6. (a) Scattering parametefS11| results for a multilayer mi-
in Fig. 2(b) is seen to be lossy due to the use of dri-clad havirsgostrip-to-stripline via transition with and without shielding. (b) Scattering
a high loss tangent (0.024). However, for the 1-mm spacing, tﬁ@rameteﬂSZH resu]ts for a multilayer microstrip-to-stripline via transition

- - ; . . with and without shielding.
near-end couplingS31| in Fig. 2(c) and far-end coupling541]| in
Fig. 2(d) show approximately-30-dB down values up to 20 GHz,
which may seem acceptable for some RF applications, but one megj. 3. Fig. 3(a) shows the case without shielding vias and Fig. 3(b)
keep in mind that in reality, when effects of coupling at line bends amwith two shielding vias per signal via. In this setup, the left signal via
line coupling are also taken into account, this figure will worsen tis excited at the lower conductor. The right signal via is passive. To
approximately—15 dB. This is unacceptable for most high-frequencgvoid line-to-line coupling, the connecting conductors are placed on
applications. This result is verified through the FDTD modeling of thepposing sides of the dividing ground plane. The passive via clearly
same structure (without shielding vias) shown in Fig. 2(a)—(d). Theceives more crosstalk without the shielding vias.
|S11| result is in good agreement, variation being due only to port
calibration differences. Thg521| result has some ripple due to the M.

S'b?esceof;(r?git dlgstr\]/(:itfk? stLZol\t/JlgeMr téﬁ?\,seforTo(\,FiET)éfgéﬁgﬁf:n:;gggte The structure in Fig. 1(b) is calculated with the MoM and with
PP P 9 9 naterial parameters, with dimensions of = 4, tané = 0.024,

Of greater importance is the excellent agreement observed for ﬂ:l]ped — 0.4 mm,pd = 0.3 mm,vd = 0.2mm, h = 0.11 mm,cd = 1
|S31| and |S41| values.

.mm, sep = 1 mm, ws = 0.111 mm (50€2), andwm = 0.226 mm

The next case computed is conducted with only the coax shieldi - . N
vias labeled: in Fig. 1(a). It is of interest to observe any improve-(% £2). Results similar to Section Il are seen in Fig. 4(2)—(b). For

ment based on adding only two shielding vias per signal via, 5180 shielding vias, the coupling is aboui30 dB up to 20 GHz, as

package/board manufacturing costs are tightly linked to the numBst 'U'Slil.l and|$41]. ﬁy |ntr_odgf:|ngi c;)nly the Szleldmg vias ?]t

of vias used. The diametric positions of thandb vias are calculated la coa|1X|a S;sfance [as S ok‘)"’” 'E 9. d( )], a gljloo maﬁiml | Wlt2 .
using the simple coaxial transmission equation [6], in this cdse 1 ess 0ss| ; | can again be o t_alne , @s well as an almost 25-dB
mm for 50€2. The corresponding results in Fig. 2(a)—(d) indicate Wldefband |mpr0\_/em_ent|r_1 couplldg‘£’>_1| and|$41| 1S obgerved. The
good match|S11|, and hence, about 0.25 dB less Id$&1| can addition of all shielding viast andb, interestingly provides several

be obtained, but more significantly, almost 25-dB improvement arllddltlonal decibel improvement ifi531] and |S41|, especially at

coupling as seen bj531| and|S41| up to 20 GHz. The third case igher frequencies.

calculated utilizes all six shielding vias markedandb in Fig. 1(a).

Here again, as can be seen [$31| and |S41|, aimost an extra IV. MULTILAYER MICROSTRIP-TGSTRIPLINE

10 dB of wide-band isolation is achieved. The time-harmonic vertical VIA WITH AND WITHOUT SHIELDING

electric-field component at 10 GHz is computed using the FDTD with In order to show that the coax-via concept is effective in reducing
the perfectly matched layer (PML) boundary condition [7] for therosstalk and improving impedance match also with a several layer
“front view” cross section of Fig. 1(a), and the result is shown istructure, the via in Fig. 5 is calculated. Here, a Rogers 6002

COUPLED MICROSTRIPTO-STRIPLINE COAX VIAS

Q!
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material withs,, = 2.94, andtané = 0.0012 (very low loss) is miniaturization is the key strength offered by the SCM and MCM
used. The dimensions pertaining to Fig. 5 afel = 1.27 mm, technologies.

pd = 0.635 mm, vd = 0.3 mm, 2~ = 0.254 mm, cd = 2.54 mm, The use of a coax via is powerful in reducing crosstalk and,
ws = 0.31242 mm (50€2), andwm = 0.635 mm (50¢2). The therefore, improving package performance. The shielding ground-
result in Fig. 6(a) fofS11| shows improvement up to 18 GHz whenplane connected via can be used at other points in the package to
using the six shielding vias. More significantlj§21| in Fig. 6(b) drastically lessen coupling between lines, as the coupling mechanism
shows ten orders of magnitude in decibel improvement up to 20 GHg,through the dielectric.

indicating an excellent impedance match at the transmission line/via

junctions and less energy escaping to produce crosstalk. This means REFERENCES
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V. CONCLUSION



