





Coaxial cable (high-speed signal line)
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Insulated cable (low-speed signal line)
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Fig. 4. Cable structure

5. Characteristics of the Thunderbolt 3 Cable

Figure 5 shows the Sdd21 (differential insertion loss)
of our Thunderbolt 3 PCC. Signals are not interrupted up to
the high frequency of 20 GHz. Satisfactory characteristics
have been attained.
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Fig. 5. Sdd21 of a Thunderbolt 3 PCC

The Scd21 (amount of conversion from differential
mode to common mode) of the Thunderbolt 3 PCC cable is
shown in Fig. 6. Common mode represents the noise of
in-phase components in the differential pair, and is gener-
ated by the imbalance of the differential pair cable. It
distorts the signal waveform and generates electromagnetic
radiation.
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Fig. 6. Scd21 of a Thunderbolt 3 PCC

6. Reliability Evaluation Results of the
Thunderbolt Cable

Table 3 shows the results of reliability evaluation. The
criteria were based on a functionality check using
Thunderbolt equipment. The cable passed the functionality
test for all items after a reliability test. The results showed
that the cable can be used properly in practical use.

Table 3. Results of a reliability test on the Thunderbolt 3 cable

Item Condition Result | Criteria
Hith 90°C x 456 hours Passed
temperature
Environmental | Temperature- | RH95%@25-85°C Passed
test humidity cycle | 24 hours/cycle x 4 cycles
Temal shock =35 {0 +85°C Passed | There is no problem

1 hour/cycle x 10 cycles in the functionality
inspection using

Passed | Thunderbolt

Bending test 100 cycles in 2 directions,

load: 454 gf equipment before
Mating and after the test.
durability test 10000 cycles Passed | There is no
abnormality in
Cable pull out | 40 N x 1 min. Passed | appearance.
50-2000 Hz,
amplitude: 1.52 mm
Mechanical Vibration test | 20 min./cycle x 12 cycles Passed
test each in the X, Y, and Z
directions

KDurable for 10 sec. each
in four directions (up,
down,left, and right) with a
moment of 0.75 Nm
KFractured within 2.0 Nm in
the up and down directions
KFractured within 3.5 Nm in
the left and right directions

The above standard
Passed | applies except for
factures.

Wrenching test

As discussed above, the coaxial cables used in the
Thunderbolt 3 cable are more flexible and easier to handle
for users compared to the balanced cables that have been
used for differential transmission. In addition, the coaxial
cables are characterized by excellent durability against
repeated bending.

Figure 7 shows the measured changes in the attenua-
tion characteristics when the cable was subjected to
repeated bending as an additional test. The attenuation
characteristics remained unchanged and stable after a
bending test of 7,000 cycles.
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Fig. 7. Changes in Sdd21 before and after a repeated bending test of the cable
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7. Conclusion

We have developed the Thunderbolt 3 cable by
applying our cable technology and high-speed transmission
technology to meet the technical specifications for the
Thunderbolt 3 cable disclosed by Intel Corporation.

In this paper, we presented an overview and an appli-
cation example of Thunderbolt 3, and described the struc-
ture, characteristics, and reliability evaluation results of our
Thunderbolt 3 cable. We confirmed that the cable can be
used properly in practical use.
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Technical Terms

%1 Lane: A lane refers to the unit of transmission line
required to transmit a single signal. In the case of
high-speed electric signals, differential transmission
mode is used to transmit inverted phase signals using
a pair of cables. The pair of cables constitutes one
lane.

%2 HDMI: HDMI is one of the standard interfaces to
output digital video signals. It was established in
2002 by HDMI Licensing, LLC, the predecessor of
the current HDMI Licensing Administrator, Inc.
HDMI 2.1, the latest standard at the time of writing
this paper, was announced in 2017.

*%3 Frame rate: Frame rate refers to the frequency at
which the image of a video is displayed per second.
The higher the value, the smoother the video.

%4 USB Power Delivery: USB Power Delivery is the
standard to mutually supply power between pieces of
equipment connected by a USB cable. It was
established by the USB Implementers Forum in 2012.

*%5 Mini DisplayPort: Mini DisplayPort is one of the
standard interfaces for outputting digital video
signals. It was established by the Video Electronics
Standard Association (VESA) in 2006.
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