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Abstract—With an increased data rate of high-speed PCBs, an
increase in crosstalk degrades the signal integrity of the high-
speed system. In most PCB designs, via-to-via coupling has the
largest impact on crosstalk. Until now, multiple PCB design
methods for crosstalk mitigation are proposed under the IC pin
field area, such as increasing the distance between signal pairs,
adding more ground vias in between the signal vias and placing
signal pairs orthogonal to each other. However, such methods
sacrifice the signal to ground (S:G) ratio and require a change
in the IC package ball map. In this paper, two different via
designs are proposed to reduce crosstalk without sacrificing the
S:G ratio, while maintaining the package ball maps. In the first
proposed design, crosstalk is mitigated through tilted drilling,
where the vias are drilled with 45 degrees angle on the PCB.
Differential via pairs located in different rows achieves
orthogonality for crosstalk cancellation when viewed from the
horizontal cross-section. In the second proposed design,
additional intermediate vias are designed to achieve
orthogonality between differential via pairs without changing
the IC package ball map or the drilling direction. Using a 3D
full-wave simulation tool, the two prosed designs are simulated.
Simulation results demonstrate that both designs decrease in
crosstalk with negligible change in insertion loss and return loss
compared to the conventional via design up to 30 GHz range.
The proposed methods can be directly applied to lower the
crosstalk in the existing high-speed PCBs with minor
adjustments in the PCB design while maintaining the same IC
packages.

Keywords—Crosstalk, ICN, differential pair, tilted drill,
orthogonality, pin map.

1. INTRODUCTION

With the rapid increase of data rate in modern electronic
devices and systems, signal integrity (SI) and
electromagnetic compatibility (EMC) issues are also
becoming more problematic[1]-[9]. Crosstalk is one of the
major concerns in high-speed channels. In the PCB trace
region, crosstalk can be shielded by placing stitching vias
along traces. For the crosstalk mitigation in the ball grid array
(BGA) pin field region, adding more ground vias between
signal vias or increasing the spacing between signal vias can
reduce crosstalk[10]. Even though such methods effectively
lower the crosstalk, due to limited space in the BGA pin field
region, pacing more vias or spacing out the vias may be costly
or physically impossible with current PCB manufacturing
techniques. Previously, the orthogonal layouts have been
proposed to lower the crosstalk, without increasing the S:G
ratio [11], [12]. However, for the practical implementation
of such layouts, chip vendors must change the package to
adopt the new orthogonal BGA.
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In this paper, new via designs are proposed to decrease
the crosstalk in PCB without sacrificing any S:G ratio or
changing the chip package. The first method is the crosstalk
reduction by tilted orthogonal via and the second method is
the intermediate orthogonal via layout. For the first method,
differential vias are tilt drilled. Differential pairs in different
rows are drilled with 45 degrees with opposite drilling
direction. Therefore, two pairs form orthogonality, which
theoretically, mitigates crosstalk. The second applies the
orthogonal layout in the inner layer of PCB away from the
crowded BGA pin field region, the top layer is identical to the
conventional pin pattern. Both of the proposed methods allow
existing chip package design to be used while reducing the
crosstalk in the PCB.

ICN is firstly introduced in IEEE 802.3ba standard [13] to
evaluate the crosstalk in the high-speed PCB as a substitute
for insertion loss to crosstalk ratio (ICR) [11]. ICN is the
weighted summation of crosstalk noise in the frequency
domain concerning the power spectrum of the signal being
transferred [14] and it’s been used as the crosstalk assessment
index in this paper. Section II introduces the principle and 3D
modeling of the tilted via. The intermediate orthogonal layout
is discussed and analyzed in section III . Both of the proposed
methods are compared to the conventional layouts and the
crosstalk cancellation effectiveness is verified in section IV.

II. DIFFERENTIAL CROSSTALK CANCELLATION BY TILTED
ORTHAGONALVIA

Crosstalk in the pin field area of PCB is dominated by
parallel vias. Mutual inductance exists between parallel
differential via pairs, resulting in noise coupling between one
pair to another. To mitigate such crosstalk, the drilling
direction of differential vias can be set to 45 degrees, so that
the vias are no longer parallel to each other. With the crossing
angle of 90 degrees between two differential pairs, crosstalk
between the orthogonally crossing vias will achieve crosstalk
cancellation.

Fig. 1 depicted the principle of crosstalk cancellation of
the tilted orthogonal via. Pair 1 and pair 2 are two pairs of
differential vias, pair 1 drilling rightwards and 2 drilling
leftwards with 45 degrees from the top view. The cross-
section shows that orthogonality formed between two pairs.

Based on the proposed crosstalk cancellation principle,
3D modeling of the full pin map is designed. The full pin map
is shown in Fig. 2, there are 9 differential pairs in the model
as marked, blue arrows in the figure indicate the drill
direction, pairs 1, 2, 4, 5, 7 and 8 drilling leftwards and pairs
3, 6 and 9 drilling leftwards with 45 degrees, differential pairs
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in one row are always orthogonal to pairs in another adjacent
row, crosstalk between adjacent rows can be mitigated.

Pair 1

oo

Pair 2

Signal Via

Top view
(2)

Drill with 45 degree
N

Pair 1 Pair 2

Cross section

(b)

Fig. 1. Illustration of tilted orthogonal via: (a) top view; (b) cross-sectional
view.
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Fig. 2. Top view of the 3D model with tilted orthogonal via.

Stripline traces are added to the 3D model for the
evaluation of the crosstalk level. Fig. 3 (a) shows the via-pad-
trace interconnection of the differential pair 1 and 2 in Fig. 2.
Both pairs are drilled with 45 degrees towards the left side,
pair 1 and pair 2 route in two different layers to avoid overlap
of traces and both of them route in a deep layer to make sure
the crosstalk cancellation can be magnified. Fig. 3 (b) shows
two pairs drilling in different direction, which corresponding
to pair 1 and 3 in Fig. 2. The vias have the radius of 5 mils
and traces are 3.75 mils. The edge-to-edge separation of the
traces are 3 mils. The vias are backdrilled as the industry
usually do for high-speed signals.
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Fig. 3. (a) Tilted via with trace routing; (b) cross-sectional view of trace
added model.

III. DIFFERENTIAL CROSSTALK CANCELLATION BY
INTERMEDIATE ORTHOGONAL LAYOUT
Fig. 4. shows a comparison between the orthogonal PCB
layout and the conventional PCB layout. The conventional
chip package matches the only pin array of the conventional
PCB layout. To make use of the orthogonal layout, different
chip package design is required.

(@ (®)
Fig. 4. (a) Orthogonal layout; (b) Conventional layout.
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In the newly proposed design, the orthogonal layout is
utilized by the additional intermediate via. Fig. 5 shows using
an additional intermediate via layout. In the BGA/pin region,
the pin pattern keeps the same as the conventional design,
vias are rerouted in the inner layer of PCB through the
intermediate trace and the conventional pin map is converted
to the orthogonal pin map. The short via under the BGA pin
field must be kept as short as possible to reduce crosstalk.
Build-up vias can be utilized for the short vias.

Intermediate trace

Short via
GND ¥
GND I_ -
GND
GND ”
GND \T
BGAregion  Long via Long trace

Fig. 5. Crosstalk Cancellation by Intermediate Orthogonal Layout.

The 3D model of the additional intermediate orthogonal
layout is shown in Fig. 6. Four differential pairs are shown in
the figure, including short vias in the BGA region, long
orthogonal intermediate via, and short trace in between. The
board thickness is 135 mils, the via radius is 5mil, and the
trace width and spacing are 3.75 mils and 3 mils, which are
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the same as the previous section. To reduce discontinuity, 2
mils advanced backdrill is applied on the bottom of the BGA
region, and the top and bottom of the intermediate via.

Trapezoidal dumps in the trace are for the skew
compensation.
BGA region Inteme?iate via
f \
; Ground via
Top view
P REE T4
o8 .8,
sidiesidie
8. oe
 YOEEE] —
: N Trace

Front view

Fig. 6. Intermediate orthogonal layout modeling, top view and front view.

IV. ANALYSIS OF ADVANCED VIA DESIGNS FOR CROSSTALK
REDUCTION

A. Analysis on Differential Crosstalk Reduction in Tilted
Orthogonal Via

To analyze the crosstalk cancellation of the tilted
orthogonal via, the proposed full-wave model of the tilted
orthogonal via with trace routing in Fig. 3 needs to be
compared with the conventional via with trace routing which
has the same S:G ratio. Fig. 7 shows the modeling of the
conventional via with trace routing. The conventional via
design drill vias directly from the top to the bottom. The
modeled conventional via with trace routing has the same pin
pattern and board thickness as the tilted orthogonal via with
trace routing, both of the two models are routed in the same
layer and vias are backdrilled equally, board width in two
models are identical which means both two models have the
same trace length and models simulated under the same
configuration.

Fig. 7. Conventional via with trace routing.

ICN comparisons up to 30Gbps between two different
designs are shown in Fig. 8. It can be seen clearly that for
both the far-end and near-end ICNs, tilted orthogonal via
design reduces crosstalk at every single pair and it results in
approximately 50% ICN reduction compared to conventional
via design. Tilted orthogonal via design efficiently reduces
crosstalk.
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Fig. 8. ICN comparisons up to 30Gbps: (a) Far-end; (b) Near-end.

The characteristic impedance, insertion loss and return
loss of pairs in two different designs also compared to make
sure the only variable in the comparison is the drill
methodology and reduction of crosstalk will not affect other
signal integrity performances. Fig. 9 demonstrates that
characteristic impedance, insertion loss and return loss of two
models are comparable. The tilted orthogonal via design will
reduce the crosstalk without sacrificing signal integrity
performances.
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Fig. 9. Tilted via design vs. Conventional via design: (a) Characteristic
impedance; (b) Insertion loss; (c) Return loss.

B. Crosstalk Mitigation by Intermediate Orthogonal Layout
Verification

To verify the intermediate orthogonal layout for crosstalk
cancellation, the intermediate orthogonal layout is compared
to the conventional layout which the differential vias drills
directly from the top to the bottom in the PCB. Fig. 10 shows
the conventional layout modeling. Differential pairs as
marked in the plot. The trace routing layer of differential pairs
in the models is the same as it routed in the intermediate
orthogonal layout model.
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Fig. 10. Conventional layout.

Fig. 11 demonstrated the ICN comparison between two
designs up to 30Gbps. As expected, the intermediate
orthogonal layout has reduced ICN for both far-end and near-
end. The intermediate orthogonal layout canceling crosstalk
through via placement orthogonality in the inner layer of
PCB, in the top of PCB, the conventional pin pattern is still
maintained. The intermediate orthogonal layout mitigates
crosstalk without changing the chip package.
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Fig. 11. ICN comparisons up to 30Gbps: (a) Far-end; (b) Near-end.

Fig. 12 shown the characteristic impedance, insertion loss
and return loss comparisons of differential pairs between the
intermediate orthogonal layout and the conventional layout.
The objective of comparing characteristic impedance,
insertion loss and return loss between these two designs is to
make sure the improvement of crosstalk in the intermediate
orthogonal layout won’t sacrificing any other signal integrity
performances. The spike in the characteristic impedance of
intermediate orthogonal layout pairs caused by the dumps in
the trace routing. The impedance mismatch also caused the
increase of the return loss at low frequency but the return loss
level is still acceptable. Apart from the impedance mismatch
of few ohms and the acceptable increase in return loss, pairs
in the intermediate orthogonal layout have similar
characteristic impedance, insertion loss and return loss as
pairs in the conventional layout. Although the extra
discontinuity of the intermediate orthogonal via introduces an
insertion loss deviation, the amount is small, only 0.1 dB,
which is acceptable. The proposed intermediate orthogonal
layout method reduces crosstalk without sacrificing signal
integrity performances.
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Fig. 12. Intermediate Orthogonal Layout vs. Conventional Layout: (a)
TDR; (b) Insertion loss; (c) Return loss.

V. CONCLUSION

The tilted orthogonal via and intermediate orthogonal
layout are proposed in this paper to mitigate the crosstalk
without sacrificing any S:G ratio and changing the chip
package design. Reduction in crosstalk in the two proposed
designs are verified by the ICN comparison up to 30Gbps. In
addition to ICN comparison, the characteristic impedance,
insertion loss and return loss of the new designs have been
verified that the improvement on the crosstalk will not
degrade the signal integrity performances.
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