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ABSTRACT
Coupling among interconnects and PCB traces is a major limiting factor of signal quality in high speed
digital system. This paper evaluates a possible way of far-end coupling reduction in a special geometry of
traces. In this work, via stitch guard is constructed between the non- parallel microstrip lines to control the
coupling. In a practical high speed printed circuit board, coupling between non-parallel traces is common.
The effects of via stitch guard for alleviating the coupling are investigated. The coupling is controlled by
adjusting the inclination of any one of the line. The results are compared with conventional traces. Some
design guidelines for proper inclination angle of line for reducing the far-end coupling are concluded.
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1. INTRODUCTION
Due to the advancements in electronic packaging technology, a new paradigm of electronic
system design has emerged to compactly integrate multi-functional electronic circuits. Further
component and packaging miniaturization has resulted in dense routing topologies, which are
prone to signal integrity problems. Signal integrity or SI is a set of measures of the quality of an
electrical signal. Some of the main issues of concern for signal integrity are ringing, coupling,
ground bounce, distortion, signal loss and power supply noise. Signal integrity is an important
factor in the design of high speed PCB. At this level, interconnects become more vulnerable to
signal integrity problems. So designing an interconnect in a proper way to avoid this signal
integrity problem is a main issue. Generally coupling is ignored for relative low frequency
circuits, become critical for reliable circuit operation and the success of the overall system
performance. The far-end coupling coupling is of particular interest due to the significantly
stronger coupling as compared to that at the near end. To alleviate the coupling of coupling
between transmission lines various methods have been established. One way to reduce the far-end
coupling in the parallel microstrip lines, the extra dielectric material can be deposited over the
microstrip lines. This material deposition is a cost adding process. Another way to reduce
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coupling is widening the space between two lines. This method may occupy more space and thus
reduce the routing flexibility. Therefore, it is not suitable for non-parallel lines. Traditionally,
guard traces are used to control the coupling between two parallel microstrip lines. Another
solution is to place metal vias or plated holes between the adjacent lines to reduce the coupling
between them. Via holes are easy and inexpensive to build using the current fabrication process
for the commonly used PCBs. In PCB or IC layout, coupling lines may be placed at different
angles with regard to each other in the adjacent layers or even in the same layer. To this end, this
paper introduces new method to reduce far-end coupling coupling between two non-parallel
traces on a high speed printed circuit board. Here we have studied the use of via stitch guard trace
for non-parallel lines. The results are compared with the conventional configuration and also
find the optimum angle between two non parallel lines for minimum coupling.

2.Non-Parallel Microstrip Lines
Microstrip lines are widely used for the high- speed signal interface on printed circuit boards
mainly used for low cost. Microstrip lines do not support pure TEM modes, but at low
frequencies they support quasi-TEM modes that approximately satisfy the transmission line
equations. Fig.1 shows a pair of microstriplines on a grounded substrate.

Figure.1. PCB Structure With Two Microstrip lines

Figure.2. Guard Trace and Grounded Vias
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For simplicity, we assume that the two strips have equal width W, zero thickness, and perfect
conductivity. The ground plane is also assumed to be perfectly conducting. The lines are located
on a dielectric substrate thickness h and have a separation S. The substrate has relative
permittivity εr. Fig.2 shows the structure of two parallel lines with via-stitch guard trace. One
way to reduce the coupling without enlarging the distance between two lines is to insert guard
trace between the aggressor and victim lines. A guard trace, which is a kind of shield line, can be
used to reduce the coupling between the aggressor and victim lines [4]. A grounded shield line is
known to be effective to reduce the capacitive coupling of on chip interconnects. However, the
conventional guard trace is not effective to reduce the coupling of transmission lines on PCB. The
reason is that the guard trace cannot maintain the ground potential at all the positions along the
trace because the guard trace itself is a transmission line.
As illustrated in Fig 2, a guard trace is usually introduced between line1 and line2. Here, we
assume that the guard trace is 1 mm wide; the length of guard trace is same as that of line 1 and 2.
It is terminated at both ends by the matched impedance 50 ohms.

Figure.3. Non Parallel Microstrip lines

Figure.4. Non-Parallel Microstrip lines with Via Fence

The model considered in this work is shown in Fig.3. Two non parallel microstrip lines of the
same dimensions, length(L) 100mm, width 3mm are etched on the substrate of thickness 1.6mm
and relative permittivity of 4.4. The near-end ports of two lines are with a separation of 13.5 mm
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and far-end ports of two lines are with a separation of 64.96 mm.Fig.4 shows the non-parallel
microstrip line with via stitched guard trace. The length and width of the microstriplines are
similar to physical dimensions of Fig.3. The vias are uniformly distributed with the spacing of G
is 30mm. The diameter of via is chosen as 1mm.

3. Simulation results
In simulation experiments, our research is focused on how to reduce the coupling between a pair
of transmission lines on a printed circuit board. In this simulation, the structure of parallel and
non-parallel transmission line can be treated as a symmetrical four port networks. Port 1 is input
port, then port 3 is the cutoff port, port 4 is the coupling port. Because of the symmetry, S14=S41,
so S41 is the main parameter for analyzing coupling between a pair of transmission lines. Each
port is matched with a resistance of 50Ω. The thickness of the PCB is 1.6 mm and the relative
dielectric constant of the medium is 4.4. The sweep frequency is from 0 to 6 GHz. The Sweep
step is 100MHz. The conventional and proposed structures were simulated using Agilent
Advanced Design System (ADS) to calculate the far-end coupling (S41) over a frequency range
from 0 to 6 GHz. The simulation method is the momentum method, the grids are set interms of 30
grids/λ (λ is the wavelength of the signal whose frequency is 6 GHz). Here, we present a
comparison of the calculated results. From Fig4 – Fig 12 shows the simulated results of near-end
and far-end coupling for conventional structures and proposed structure for coupling reduction.

Figure.5. Simulation Results of Near and Far end Coupling for Parallel Microstrip lines in spacing S=2
mm
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Figure.6. Simulation Results of Near and Far end Coupling for Parallel Microstrip lines in Spacing S=3 mm

Figure.7. Simulation Results of Near and Far end Coupling for Parallel Microstrip lines in Spacing S=4 mm

Figure.8. Simulation Results of Near and Far end Coupling for Non Parallel Microstrip lines in Inclination
is 300
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Figure.9. Simulation Results of Near and Far end Coupling for Non-Parallel Microstrip lines with Via fence
in Inclination is 300

Figure.10. Simulation Results of Near and Far end Coupling for Non Parallel Microstrip lines in Inclination
is 450

Figure.11. Simulation Results of Near and Far end Coupling for Non Parallel Microstrip lines with Via
fence in Inclination is 450
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Figure.12. Simulation Results of Near and Far end Coupling for Non Parallel Microstrip lines in Inclination
is 600

Figure.13. Simulation Results of Near and Far end Coupling for Non Parallel Microstrip lines with Via fence
in Inclination is 600

Table 1 summarizes the results of conventional and proposed structures. One way to reduce the
far-end coupling is widening the space between aggressor line and victim line. The spacing
between two parallel microstrip lines is varied and the near-end and far-end coupling are plotted,
which are shown in Fig.5 – Fig.7. We observed that the coupling has been reduced for widening
the space between two parallel microstrip lines. Obviously, as the distance between the
micirostrip lines increases, the coupling decreases monotonically. Hence, if the coupling
problems are suspected and the PCB size is not of great concern, maintaining a large enough
distance between the lines is none the less an efficient way to reduce the coupling.
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Table.1 Comparison of simulated results

Structure

FEXT S(4,1)

S=2mm

NEXT
S(3,1)
-26.607dB

S=3mm

-26.312 dB

-5.157 dB

S=4mm

-26.805 dB

-7.326 dB

Parallel Microstrip lines with
Via
fence

G=30mm

-14.899 dB

-13.898 dB

Non Parallel Microstrip line

Ө=30

-43.326 dB

-41.270 dB

-39.087 dB

-41.270 dB

-37.779 dB

-30.884 dB

-37.102 dB

-35.457 dB

-39.060 dB

-35.205 dB

-37.102 dB

-35.457 dB

Parallel Microstrip lines

0
0

Ө=30
with Via fence
Ө=45

0
0

Ө=45
with Via fence
Ө=60

0
0

Ө=60
with Via fence

-2.541 dB

Then we have investigated the non-parallel microstripline structures. In this investigation, we
compared the results of non-parallel structure with via stitched guard trace. The angle between
two non-parallel lines are considered as 30, 45 and 60.When the angle between non-parallel
microstrip lines, both near-end and far-end coupling has been reduced. If the angle between tow
microstrip lines increases, the spacing between two lines are also increases. It occupies more
routing space for fabrication. Therefore, for non-parallel microstrip line with 30 angles provides
better performance than other angles.

4. CONCLUSIONS
Improving the coupling immunity between adjacent printed circuit board signal traces has
become a necessity in modern and highly integrated electronic systems. Conventionally, various
structures of signal traces are utilized for this purpose. However, it was shown in this paper that
the proper design of these traces is in fact that crucial factor in achieving this goal rather than the
mere placement of them between the signal lines. In this paper, we propose a novel design for
reducing coupling. We observed NEXT and FEXT for various structures and also for our novel
structure.
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