
At present, the Universal Serial
Bus (USB) is one of the most
widespread, general-purpose
external interfaces being used

in personal computers and other products.
USB has a user-friendly quality even for
first-time users as many peripheral de-
vices are available with USB-support and
also because USB can expand equipment
functions without opening the housing.
For those reasons, USB is used for wide-
ranging applications from TV tuners to
external drives.

Following the introduction of high-speed
data communication devices such as solid
state drive (SSD), the maximum data trans-
mission speed of USB2.0 (480Mbps) is no
longer sufficient. Expansion of the USB
function to enable faster data transmission
has become necessary without compro-
mising its convenience feature. In response
to this situation, SuperSpeed USB3.0,
which has increased maximum data trans-
mission speed to 5Gbps, has been stan-

dardized and products compliant to USB3.0
are on their way. There is an uncertainty
as to whether the common mode choke
coils available in the market for noise sup-
pression measures of USB2.0 are going to
be effective for SuperSpeed USB3.0. This
article verifies the issues that must be con-

sidered when using the
conventional common
mode choke coils for Su-
perSpeed USB3.0 and also
introduces new Super-
Speed USB3.0-compliant
products.

Signal Line of USB3.0 
Upgrading USB1.1 to USB2.0 is car-

ried out by expanding the electrical spec-
ifications of the same signal lines, while
upgrading USB2.0 to SuperSpeed
USB3.0 is performed by adding two pairs
of differential signal lines to the signal
lines of USB2.0. Therefore, there is ba-
sically no need to provide considerations
for the noise influence of the conven-
tional signal lines of USB2.0, and only
the signal lines of USB3.0 are going to
be a new component for noise suppres-
sion (Fig. 1).

Murata Crafts USB3.0-Compliant
Anti-Noise Chip 

The chip common mode choke coil exhibits high cut-off frequency and offers noise
suppression in high transmission speed without compromising the signal waveforms.

Fig. 1: Configuration of USB3.0 signal lines

(Transmittance characteristics of differential mode)

Fig. 2: Common mode choke coil used for USB2.0

Fig. 3 The waveforms displayed when the conventional common mode
choke coil is used for USB2.0 signal lines.
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Anti-Noise Measures of USB3.0 
As a noise suppression measure of

USB2.0, it is common to apply the method
of inserting ferrite beads in ground and
power supply lines, and inserting a com-
mon mode choke coil corresponding to the
signal line. As the electrical specifications
of the USB2.0 signal lines included in
USB3.0 are the same, the same noise sup-
pression measures can be applied for these
lines. Note, however, that it is necessary
to exercise caution regarding the voltage
drop caused by DC resistance of compo-
nents used in the power supply and ground
lines because the capacity to supply elec-
tric power to a bus has been increased to
900mA from the conventional 500mA.
The issue to be taken into account is the
two pairs of differential signal lines, which
are added for USB3.0. Signals that are 10
times faster than USB2.0 signals will pass
through these signal lines, and therefore,
problems related to signal waveform qual-
ity in using common mode choke coils de-
veloped for USB2.0 come up. 

Murata Manufacturing Co., Ltd. has
evaluated and confirmed signal wave-
forms that were generated by actually us-
ing a common mode choke coil, which
passed the USB2.0 compliance test, in the
signal lines of SuperSpeed USB3.0.

Fig. 2 shows the DLW21HN900SQ2
chip common mode choke coil that passed
the USB2.0 compliance test. The com-
mon mode choke coil does not have an
adverse effect on the signal waveforms
when it is used for the signal lines of
USB2.0 as shown in Fig. 3. When the sig-
nals of SuperSpeed USB3.0 are passed in
the line, fluctuations occur in the signal
waveforms and the margin for the eye pat-
tern template is no longer present (Fig. 4).
In this way, the signal components in-
cluding the signals in the higher frequency
range must be able to pass and a common
mode choke coil with a higher cut-off fre-
quency is required in order to assure the

transmission of the faster
speed signals of Super-
Speed USB3.0. Murata has
developed the
DLP11TB800UL2, a Su-
perSpeed USB3.0-com-
pliant common mode
choke coil, giving consid-
eration on the abovemen-
tioned condition. 

The DLP11TB800UL2
is a chip common mode
choke coil measuring 1.25
×1.0mm with an extremely
high differential mode cut-
off frequency. The charac-
teristic impedance at 2.5GHz is matched
to the USB’s standard characteristic im-
pedance of 90Ω, and the loss caused by
signal reflection is reduced (Fig. 5).

When this new product is used in a sig-
nal line of USB3.0 as in the above eval-
uation, it is clear that the eye pattern mar-
gin compared with the template when us-
ing this new product is not different from
that of a signal line without using a filter
(Fig. 6). Murata also measured the changes
of noise emitted from a SuperSpeed

USB3.0-compliant
cable by using this
new product. As a re-
sult, it was clear that
the noise suppression
effect is demonstrated
in 30MHz to 10GHz
range. In particular, a
high noise suppression
effect is observed in
the 700MHz to 2GHz
range and at 5GHz.
(Fig. 7)

Margin Improvement for Jitter
Tolerance Test 

The jitter tolerance test was performed
to evaluate the tolerance of USB3.0
against jitter. As the common mode
choke coils used for noise suppression
of USB signal lines have the effect of
improving skew, the effect of improv-
ing the margin can be expected in the
jitter tolerance test. A jitter tolerance test
assesses the amount of jitter in the re-
ceived signals by inserting jitter in a sig-
nal. Skew in the measured circuit is not
corrected for USB tests. Therefore, the
jitter tolerance declines when skew is
inserted in the measured circuit. When
a common mode choke coil is inserted
in a signal line, the characteristics of the
common mode choke coil as a trans-
former become active and skew can be
improved. As a result, the reduced
amount of skew-caused jitter tolerance
can be restored. Fig. 8 shows an exam-
ple that verifies the effect of a common
mode choke coil on the jitter tolerance
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Fig. 6: The signal waveforms displayed after the signals
pass through the 3m SuperSpeed USB3.0-compliant cable
(Before passing the equalizer).

Fig. 4 The waveforms displayed when the conventional common
mode choke coil is used for SuperSpeed USB3.0 signal lines.

Characteristic impedance is matched
with USB standard value of 90 Ω

Fig. 5: DLP11TB800UL2, SuperSpeed USB3.0-compliant common mode choke coil  
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test result. This graph plots the maxi-

mum amount of jitter ap-
plication that can satisfy
the specified bit error rate.
The jitter tolerance is
stronger at the higher por-
tions indicated in this
graph. (The dotted line in
the graph indicates provi-
sional standard values of
the compliance test.) Ac-
cording to this example,
the jitter tolerance im-
proves in the range of sev-
eral megahertz to
100MHz by the use of a

common mode choke coil.

Conclusion 
As mentioned above, the noise sup-

pression measure using a common mode
choke coil as in the case of the conven-
tional USB2.0 is also effective for Su-
perSpeed USB3.0. Note, however, that in
as much as the signal frequency of USB3.0
is significantly improved, an improved
common mode choke coil with a higher
cut-off frequency of differential mode
must be used. The common mode choke
coil provides a secondary function of im-
proving jitter tolerance in the jitter toler-
ance test for SuperSpeed USB3.0. The
DLP11TB800UL2 is a chip common
mode choke coil newly developed for
noise suppression in SuperSpeed USB3.0
without compromising the signal wave-
forms. Murata intends to verify the noise
suppression measures for new equipment
and to propose new products and meth-
ods of their use in the future as well.
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Emission noise suppression effect 10dB max

Fig. 7: Noise elimination effect by common mode choke coil

Fig. 8: Jitter tolerance evaluation
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