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Abstract: Authors have introduced a quasi-
di erential signaling system, which is the method
to realize low EMI (electromagnetic interference)
transmission by matching the degree of imbal-
ance of a line, a driver and a load. In this pa-
per, authors present the measurement result of a
common-mode current flowing on a transmission
line, which has a narrow return trace. As a result,
we confirm the e ectiveness of EMI reduction us-
ing the quasi-di erential signaling for the system
with narrow return trace.
Key words: Quasi-Di erential Signaling, Nar-
row Return Trace, EMI, Common-Mode, Degree
of Imbalance.

1 Introduction

Electromagnetic interference (EMI) is a serious
problem for high-speed circuit designers. A high-
speed signal trace on a printed circuit board
(PCB) needs a return path, and normally a
ground plane or sometimes a power plane is used
for the return path that should be wide enough to
suppress EMI. However, in practice, it is di cult
to place such a wide and complete ground plane
on a high-density PCB. Thus EMI from a high-
speed transmission line becomes large because of
the common-mode excitation[1—3].
Authors introduced a quasi-di erential signal-

ing (QDS) that is the method to reduce EMI[4].
The QDS system has a signal trace with a narrow
return trace, and the transmission line is driven
by an asymmetric driver and terminated by an
asymmetric load. A transmission line has its own
degree of imbalance, which can be expressed by
a current division factor. If the degrees of imbal-
ance of the driver and the load are equal to the
current division factor of the line, common-mode
is not generated[3, 5]. The QDS is the method to
reduce EMI by matching the degree of imbalance
of a line, a driver and a load.
The di erential signaling is often used to re-

alize a high-speed transmission with low EMI.
When the di erential signaling is used for a mul-

tiple signaling, a return line is needed for each of
channels. On the other hand, the QDS needs only
one return line for all channels, that is the same
as the single-ended signaling, and the return line
does not require an infinite plane.

In this paper, authors show two types of mea-
surement results of a common-mode current flow-
ing on a test PCB that has a narrow return trace.
One is the result for the single-ended signaling,
and another is the result for the QDS. This paper
shows that the QDS can reduce common-mode
current.

2 Principle of Quasi-Di erential Signaling

System

2.1 Overview

The Equivalent circuit of a QDS system is shown
in Fig. 1. The transmission line is asymmetric
consisting of Line 1 and Line 2. The source im-
pedances ZS1 and ZS2, the load impedances ZL1
and ZL2, the voltage sources E1 and E2 are not
symmetrical either. The impedances ZL1 and ZL2
are the normal-mode terminations of the trans-
mission line. The impedance ZCT is a center-tap
impedance, and ZSG is the impedance between
the sources and the ground.

The QDS system is divided into three parts,
a drive part, a transmission line part, and a load
part; and the degree of imbalance of each part is
considered. The degree of imbalance is expressed
using the current division factor[3, 6]. If one of
the current division factors di ers from others, the
common-mode current is generated and it is pro-
portional to the di erence of the current division
factor. Then the common-mode current generates
radiated emission. The QDS is a method to real-
ize a low EMI transmission line by matching the
degrees of imbalance of a line, a driver and a load.

2.2 Common-Mode Voltage and Current

Division Factor

We will discuss the normal-mode and the
common-mode currents of a transmission line. As
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Fig.1 Equivalent circuit of a quasi-di erential sig-
naling system.

shown in Fig. 1, the current on the signal line I1
and the current on the return line I2 are expressed
as the following equations using the normal-mode
current IN and the common-mode current IC:

I1 = IN + hIC, (1)

I2 = IN + (1 h)IC, (2)

where h is called as a current division factor (0
h 1)[3, 6]. The value of the parameter h changes
with the transverse structure of the transmission
line. The value of h of the balanced line is 0.5, and
the value of h of the ideal microstrip line having
an ideal infinite ground plane is zero.
Figure 2 shows the voltage diagrams of a trans-

mission line. The current division factor of the
transmission line is expressed as h, and the fac-
tors of the driver and the load are expressed as
hS and hL, respectively. The common-mode volt-
age at the output of the driver is VCdriver, and
is equal to hSVSN + VS2; and the common-mode
voltage at the input of the load is VCload, and is
equal to hLVLN + VL2. The common-mode volt-
ages of the input and the output of the line are
VSC (= hVSN + VS2) and VLC (= hVLN + VL2),
respectively. If hS 6= h, then VSC is generated
at the input of the line, and if hL 6= h, VLC is
generated at the output of the line. VSC and
VLC are expressed by the following equations:

VSC = (h hS)VSN = hSVSN, (3)

VLC = (h hL)VLN = hLVLN, (4)

where hS and hL are the di erence of the cur-
rent division factor between a line and a driver or
a load. These di erences VSC and VLC gener-
ate the common-mode current which radiates the
EMI. If VSC and VLC are zero, the common-
mode current is not generated.

2.3 Current Division Factor

2.3.1 Current division factor of a trans-

mission line

The current division factor of the transmission
line h is determined by the cross-sectional struc-
ture of the transmission line. In general, the cur-

Fig.2 Voltage diagram of a transmission line at
the connecting point.

rent division factor can be calculated by a numer-
ical calculation as an electrostatic problem.

In this investigation, the current division fac-
tor h is calculated using the boundary element
method (BEM)[5].

2.3.2 Current division factor of a driver

The voltage sources E1 and E2 shown in Fig. 1
are expressed by the following equation:

E1 = EC + (1 )EN, (5)

E2 = EC EN, (6)

where, EC and EN are the common-mode and the
normal-mode voltage sources, respectively, and
is the voltage division factor of the normal-mode
voltage source. The normal-mode source imped-
ance of the driver is defined as ZSN (= ZS1+ZS2)
and the normal-mode characteristic impedance of
the transmission line is defined as Z0N. If we as-
sume a driver connected to a transmission line
that has infinite length, then a current division
factor of a driver hS is expressed as follows[4]:

hS =
(ZSN + Z0N) ZS2

Z0N
. (7)

Consequently, hS is determined by the source
impedances ZS1, ZS2, the normal-mode character-
istic impedance Z0N, and voltage division factor
of the normal-mode voltage source .

2.3.3 Current division factor of a load

A current division factor of a load hL is expressed
as follows[4]:

hL =
ZL2

ZL1 + ZL2
. (8)

The factor hL is determined by the load imped-
ances ZL1 and ZL2.

3 Experiment

3.1 Test PCB

In order to evaluate the common-mode current
of a signaling system with narrow return trace,
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Fig.3 The test PCB; (a) top view, (b) cross-
sectional view.

a test PCB shown in Fig. 3 was prepared. Fig-
ure 3(a) illustrates the top view of the PCB, and
Fig. 3(b) illustrates the cross-sectional view of the
PCB. The width of the return trace on the PCB is
only 4.08 mm. The single-ended signaling (SES)
and the quasi-di erential signaling (QDS) can be
implemented by changing the value of the loads
on the PCB.
The dimensions of the test PCB are

200×30×1.8 mm3. The PCB consists of the three
layers; the signal layer, the return layer and the
ground layer. The insulator material of the PCB
is glass epoxy (FR-4), and the relative permittiv-
ity is 4.3. The topside of the PCB has a signal
trace. The width of the signal trace is 0.24 mm
and the length is 160 mm. The inner layer has a
return trace whose width is 4.08 mm. The signal
trace is located at 0.9 mm from the edge of the
return trace, and the cross-section of the trans-
mission line is asymmetric. The backside has a
reference ground located at the edge of the PCB.
The thickness between the signal and the return
layer is 0.6 mm, and the thickness between the
return and the ground layer is 1.0 mm as shown
in Fig. 3(b).
A connector is located at the one end of the

trace. Two loads (ZL1, ZL2) are located at an-
other end of the trace. The loads ZL1 and ZL2
are terminations of the normal-mode circuit.
Normal-mode characteristic impedances of the

transmission line are measured with di erential
TDR (54754A, Hewlett Packard). Measured
normal-mode characteristic impedance of the line

TDR : Time Domain Reflectometry

Fig.4 Measurement setup of the common-mode
current.

Table 1 The values of the loads and the voltage
setups to implement the SES and the QDS.

SES QDS

ZS1 50 50
ZS2 0 50

ZL1 91 82
ZL2 0 10

|E1| 4.95 VPP 4.56 VPP
|E2| 0 VPP 2.04 VPP

is 95 .
The current division factor h of the transmis-

sion line is 0.11, which is calculated by BEM[5].

3.2 Measurement Method of Common-

Mode Current

The common-mode current of the single-ended
signaling (SES) and the quasi-di erential signal-
ing (QDS) with narrow return trace are mea-
sured. Figure 4 shows the measurement setup
of the common-mode current. A data generator
(81200, Hewlett Packard) excites the transmission
line, and a current probe (94111-1, ETS) detects
the common-mode current spectrum of the test
PCB. The output voltage of the current probe is
amplified, and is measured by the spectrum ana-
lyzer (MS2601B, Anritsu). The current probe is
moved along the transmission line, and the max-
imum current is measured.

In order to implement the SES and the QDS,
the values of the loads and the output voltage of
the data generator are changed. Table 1 shows
the values of the loads and the voltage setups of
the data generator. In order to match the de-
gree of imbalance of the driver hS and the load
hL with the imbalance of the transmission line h,
the values of the loads ZL1, ZL2 and the voltages
E1, E2 are decided by Eq. (7) and (8). Here, the
loads are matched to the normal-mode character-
istic impedance Z0N; ZL1+ZL2 = Z0N. Frequency
of the signal is 10 MHz (period is 100 ns), duty
cycle is 50 %, rise and fall times are 0.5 ns.

3.3 Measurement Results

Measurement results of the common-mode cur-
rent spectra are shown in Fig. 5. The dashed line
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Fig.5 Spectra of common-mode current.

shows the measurement result for the SES, and
the solid line shows the result for the QDS. The
alternate long and short dash line shows the di er-
ence between the results of the SES and the QDS.
Figure 5 shows that the amount of reduction by
using the QDS is 6 dB.
Theoretically the amount of reduction is infi-

nite in dB since the common-mode current that is
proportional to hS or hL; however, the mea-
surement result of the reduction is about 6 dB. It
is due to that the size of the reference ground is
not large enough. It is the future work that the
reference ground will be extended to stabilize the
reference voltage.
The voltage waveforms at the loads VL1(t),

VL2(t) are illustrated in Fig. 6. Figure 6(a) shows
the waveforms of the SES, and Fig. 6(b) shows
the waveforms of the QDS. The thin line shows
the voltage between the signal and the reference
ground, and the thick line shows the voltage be-
tween the return and the reference ground. The
waveforms of the SES shown in Fig. 6(a) have
large ringing. The oscillation frequency of the
ringing is 530 MHz, and the measurement result of
the common-mode current for SES shown in Fig. 5
has a peak at 530 MHz. On the other hand, the
waveforms of the QDS shown in Fig. 6(b) have no
ringing.
Consequently, the quasi-di erential signaling

can reduce EMI from a signaling system with nar-
row return trace.

4 Conclusions

This paper has presented the e ectiveness of EMI
reduction using the quasi-di erential signaling
system. The common-mode current of the test
PCB, which has narrow return trace, was mea-
sured. The result has shown that the common-
mode current can reduce by using the quasi-
di erential signaling system compared with the
single-ended signaling system. Furthermore, the

(a)

(b)

Fig.6 Voltage waveform at the loads; (a) single-
ended signaling, (b) quasi-di erential signaling.

quasi-di erential signaling system can suppress a
ringing of a voltage.
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