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Analysis of positioning error and its impact on high frequency

properties of differential signal coupler
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Abstract. This paper presents the analysis of the effect of differential signal coupler positioning accuracy on its high frequency performance
parameters for contact-less high speed chip-to-chip data transmission on PCB application. Our considerations are continuation of the previous
works on differential signal coupler concept, design methodology and analysis for high speed data transmission monitoring. The theoretical
analysis of possible coupler positioning innaccuracies is extended for representative design cases by simulations carried out using EM
simulator. The results reported here confirm that the concept of contactless monitoring of high speed chip-to-chip data transmission in a
pair of coupled microstrip lines is of practically usefulness without applying the expensive and precise positioning system.
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1. Introduction

The data exchange speed between systems has been growing
rapidly over the recent years [1–6], greatly accelerating the
development of high speed interconnect technology [7–12].
Due to the growth of transmission rate in interconnections on
PCB, the signal integrity issues are more and more important
[13]. High speed interconnections between subsystems be-
come critical for the entire system performance [14, 15]. This
situation urges for research and development of techniques of
high speed interconnections. The goals include ensuring the
required bandwidth, electromagnetic compatibility (EMC), as
well as the ease of manufacturing with desired transmission
quality [16–20]. The growth of transmission rate has direct
impact of the interconnect bandwidth inside the device. On
PCB, connections between active circuits and connectors be-
came critical for the performance of the entire device and sys-
tem [21]. The number of devices produced every day reached
unprecedented levels [22]. The popularity and accessibility of
new multimedia devices such as smartphones, tablets and ul-
trabooks, indicate that – in the near future – manufacturing
cost reduction will become critical. Assuming that the price
of a product is at the level acceptable by a customer, potential
savings on materials, technology and manufacturing process
directly increase the profit for the manufacturer. These fac-
tors indicate that research on high speed interconnections and
manufacturing cost optimization still is and will be important
in the years to come.

Motivated by the aforementioned needs, the new contact-
less approach to high-speed data transmission monitoring
for chip-to-chip communication monitoring on Printed Cir-
cuit Board (PCB) has been introduced [1, 2]. The proposed
methodology is based on a concept where a dedicated differ-
ential signal coupler [3–5], implemented on a separate piece

of laminate, is overlaid on PCB containing the transmission
line under the test. The monitored signal from the main trans-
mission line is decoupled by two branches of the coupler with-
out significantly influencing the transmission in the monitored
line. This solution is beneficial from both the functional and
the cost points of view: it is possible to overlay the coupler
on the transmission line without any prior preparation at the
PCB design stage, and no dedicated measurement connectors
are required. The complete analysis and design methodology
of the differential signal coupler which can be used for high
speed data transmission monitoring on PCB can be found in
[3–5].

From application point of view, the accuracy of differen-
tial signal coupler positioning on the board with transmission
line under test can be critical for monitoring performance and
the impact of the coupler on the transmission conditions in
the main line. The considerations conducted in this paper aim
at investigating the influence of the coupler positioning ac-
curacy on its high frequency parameters. The main goal of
this analysis is to define the requirements for differential sig-
nal coupler positioning so that the monitoring satisfies given
performance requirements without disturbing transmission in
the monitored line.

2. Analysis

The differential signal coupler design considerations presented
in [3–5] were carried out assuming that the coupler’s branches
are positioned symmetrically around the monitored transmis-
sion line (the distances between each branch and transmis-
sion line are equal) and the branch axes are parallel to the
main line. Any positioning errors will affect the key coupler
parameters, disturb the symetry, and change the impact of
the differential signal coupler on the main transmission line.
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Quantifying the relationship between such errors and coupler
performance parameters, carried out in this section, is partic-
ularly important from the practical point of view. In partic-
ular, the need for troublesome and extremely precise coupler
positioning could significantly reduce the area of potential
practical applications for the proposed technology.

Possible positioning errors can be decomposed into the
parallel shift (Fig. 1a) and rotation (Fig. 1b). As mentioned in
[3–5], the modification of sC (Fig. 1a) parameter will change
the coupler’s branch coupling CB . Let’s consider the relations
which describes the coupler parameters. The even (Z0e) and
odd mode (Z0o) impedances of coupled lines have the values
as follow:

Z0e =

√

1 + 10(CB/20)

1 − 10(CB/20)
,

Z0o =

√

1 − 10(CB/20)

1 + 10(CB/20)
.

(1)

a)

b)

Fig. 1. Two basic coupler positioning errors: (a) parallel shift, (b)
rotation
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The (wc/h) quotients for even and odd modes can be calcu-
lated using the equation:
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Finally, the (wc/h) ratio is:
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Taking into account the analytical relations presented above,
we can expect that the coupler positioning error presented in
Fig. 1a, can result in increasing the coupling factor for the
branch 5–6 and decreasing for 8–7. Consequently, the sym-
metry of the coupling factors in structure will be disturbed.
It is expected that the second type of elementary position-
ing error (Fig. 1b) introduces the coupling factor error but
its quantitative assessment in the frequency domain is not
straightforward.

3. Simulation results

The considerations presented in the previous section are con-
firmed by simulations in the frequency domain performed
using ADS Momentum for 1 GHz differential signal cou-
pler implemented on FR4 laminate (εr = 44, h = 155 mm,
tan(δ) = 0.018, copper with thickness – 35 µm), which were
described [3]. The initial dimensions of the coupling structure
are presented in Fig. 1. The positioning error due to a parallel
shift was analyzed in the range 0.1 mm to 1.0 mm (63% of
sC = 1.59 mm) with 0.1 mm step for 100 MHz – 4 GHz
bandwidth. The simulation results are presented in Fig. 2.

We can observe that for the frequencies lower than
1400 MHz, the worst-case match is obtained for 700 MHz
(Fig. 2a). For this frequency, the impact of the positioning er-
ror is not critical (3.5 dB for the shift error of ∆s = 1 mm).
The impact of positioning inaccuracy is the most visible at
1.15 GHz and 3.27 GHz but this is not critical because of
good matching (< −25 dB) of the circuit for these subbands.
The impact on the main transmission line loss characteristic
(Fig. 2b) is lower than 0.2 dB for the frequencies lower than
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3 GHz. The main transmission line self coupling characteris-
tic (Fig. 2c) is not affected. As it was expected, the coupler’s
branch coupling CB characteristic (Fig. 2d) is shifted due
to the coupler positioning error. The characteristic is directly
shifted without significant changes of its shape. This type of
distortion is not a serious issue from practical point of view: it
can be easily compensated by simple equalizer with an active
gain control module (AGC).

The coupler rotation positioning error was analyzed in the
range 2◦ to 6◦ with 2◦ step for 100 MHz – 4 GHz bandwidth.
The simulation results are presented in Fig. 3.

The results obtained for the coupler rotation indicate that
for the frequencies lower than 2 GHz, the impact of coupler
rotation on the main transmission line characteristic is lower
than 2 dB (Fig. 2a). Above 700 MHz, we observe the shift
of the resonant points towards higher frequencies (70 MHz
for 6◦ at 1.2 GHz). The impact of coupler rotation on the
main transmission line loss characteristic (Fig. 3b) and the
main transmsision line self-coupling (Fig. 3c) is negligible.
The coupling factor of the single branch CB has similar char-
acteristic as for the parallel shift but the level of impact is
lower.

a) b)

c) d)

Fig. 2. Simulation results for parallel positioning shift error: a) main transmission line match, b) main transmission line loss, c) main
transmission line self-coupling, d) coupler’s branch coupling CB
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a) b)

c) d)

Fig. 3. Simulation results for rotation positioning error: a) main transmission line match, b) main transmission line loss, c) main transmission
line self-coupling, d) coupler’s branch coupling CB

4. Conclusions

In this paper, the impact of differential signal coupler posi-
tioning error on its high frequency performance parameters
was analyzed. The correctness of theoretical considerations
was confirmed by simulations. Our results indicate that the
positioning error is not critical for its practical applications.
It was observed that the coupler’s rotation has significantly
lower impact than the parallel shift on both the high frequen-
cy parameters of the coupler and the operating conditions of
the main transmission line. The changes of high frequency
parameters are not significant and can be compensated by an
external active equalizer. Additionally, the impact of the dif-
ferential signal coupler on the main line was not significantly
increased. This allows us to confirm that the concept of con-
tactless monitoring of high speed chip-to-chip data transmis-
sion in a pair of coupled microstrip lines presented in [1, 2]
can be applied in practice without using an expensive, precise
positioning system.

REFERENCES

[1] M. Zmuda, S. Szczepański, and S. Kozieł, „The contact-less
method of chip-to-chip high speed data transmission monitor-
ing”, XII National Conf. Electronics, KKE 2013 1, CD-ROM
(2013).

[2] M. Zmuda, “ Analysis and design of coupling structures for
high speed chip-to-chip data transmission monitoring”, Doc-

toral Thesis, Politechnika Gdańska, Gdańsk, 2013.
[3] M. Zmuda, S. Szczepański, and S. Kozieł, „Microstrip dif-

ferential signal coupler. concept, design and application”, XI

National Conf. on Electronics, KKE 2012 1, CD-ROM (2012).
[4] M. Zmuda, S. Szczepański, and S. Kozieł, “Design of novel mi-

crostrip directional coupler for differential signal decoupling”,
IET Microwaves, Antennas & Propagation 6, 721–728 (2012).

[5] M. Zmuda, S. Szczepański, and S. Kozieł, “A new coupler con-
cept for contactless high-speed data transmission monitoring”,
IEEE Trans. Instrumentation and Measurement 62, 328–334
(2013).

[6] M. Zmuda, S. Szczepański, and S. Kozieł, “Analysis of po-
sitioning error and its impact on high frequency performance

552 Bull. Pol. Ac.: Tech. 63(2) 2015



Analysis of positioning error and its impact on high frequency properties of differential signal coupler

parameters of differential signal coupler”, XIII National Conf.

Electronics 1, CD-ROM (2014).
[7] W. Bandurski, Methods of Analysis and Simulation in High-

speed Digital Circuits, Poznań University of Technology Pub-
lishing House, Poznań, 2006

[8] E.T. Lewis, “High-density high-impedance hybrid circuit tech-
nology for gigahertz logic”, IEEE Trans. Components, Hybrids

and Manufacturing Technology CHMT-2, 441–450 (1979).
[9] H.L. Parks, “Batch-fabricated three-dimensional planar coaxi-

al interconnections for microelectronic systems”, IEEE Trans

Computers C-20, 504–511 (1971).
[10] R.C. Swengel, T.A. Lemke, and F.P. Villiard, “A coaxial in-

terconnection system for high speed digital processors”, IEEE

Trans. Parts, Hybrids and Packaging PHP-10, 181–187 (1974).
[11] O.A. Horna, “Nonlinear termination of transmission lines”,

IEEE Trans. Computers C-21, 1011–1015 (1972).
[12] S. Rosłoniec, “Design of coupled microstrip lines by optimiza-

tion methods”, IEEE Trans. Microwave Theory and Techniques

MTT-35, 1072–1074 (1987).
[13] V. Ricciuti, “Power bus signal integrity improvement and EMI

mitigation on multilayer high-speed digital PCBs with embed-
ded capacitance”, IEEE Trans. Mobile Computing 2, 314–321
(2003).

[14] A.K. Sinha, J.A. Cooper, and H.J. Levistein, “Speed limita-
tions due to interconnect time constants in VLSI integrated
circuits”, IEEE Electron. Device Letters 3, 90–92 (1982).

[15] A. Tsuchiya, Y. Gotoh, M. Hashimoto, and H. Onodera, “Per-
formance limitation of on-chip global interconnects for high-
speed signaling”, IEEE 2004 Custom Integrated Circuits Conf.

1, 489–492 (2004).
[16] K. Yamagishi, T. Ishibashi, H. Ohashi, and S. Saito, “A study

on high-speed transmission characteristics of interconnections
from PCB to chip”, IEEE 9th VLSI Packaging Workshop of

Japan 1, 81–84 (2008).
[17] F. Gisin and Z. Pantic-Tanner, “Design advances in

PCB/backplane interconnects for the propagation of high speed
gb/s digital signals”, 6th Int. Conf. Telecommunications in

Modern Satelite, Cable and Broadcasting Service, TELSIKS

2003 1, 184–191 (2003).
[18] J. Jing and K. Lingwen , “Study of signal integrity for PCB

level”, 11th Int. Conf. Electronic Packaging Technology and

High Density Packaging 1, 828–833 (2010).
[19] A. Geczy and Z. Illyefalvi-Vitez, “Investigating PCB traces

for fine pitch applications”, IEEE 16th Int. Symp. for Design

and Technology in Electronic Packaging (SIITIME) 1, 147–152
(2010).

[20] D. Bem, M. Nawrocki, T. Wieckowski, and R. Zielinski, “Co-
existance EMC aspects of DECT Wireless Local Loops (WLL)
and DECT cordless telephones”, Vehicular Technology Conf.

4, 2776–2780 (2001).
[21] C. Romero, P. Seungwook, M. Park, and Y. Kweon, “Advanced

high density interconnection substrate for mobile platform ap-
plication”, 6th Int. Microsystems, Packaging, Assembly and Cir-

cuits Technology Conf. (IMPACT) 1, 214–217 (2011).
[22] C.K. Shi, X.M. Hao, and R.S. Sharma, “A cross market study

of mobile data services and devices”, IEEE Int. Conf. Man-

agement of Innovation and Technology (ICMIT) 1, 455–461
(2010).

Bull. Pol. Ac.: Tech. 63(2) 2015 553


