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1. Introduction

Recent progress in IT technology has enabled us to
transmit massive amounts of data at high speeds. 

The InfiniBandTM architecture is a new I/O spec
developed by the InfiniBand Trade Association
(IBTA) established in 1999 by leading American serv-
er makers, PC makers, and chip makers to simplify
and accelerate interconnections among servers. For
example, the InfiniBandTM architecture specification1)

specifies the interconnect requirements that must be
satisfied by optical fiber for long-distance transmis-
sion and copper cable for short-distance use. 

In this way, copper cables are an inexpensive alter-
native for transmission on fabric over a limited range.
Such copper cables, now comparable to optical fibers
in terms of transmission speed, need a low-insertion-
loss cable assembly that has low skew, low crosstalk,
and good impedance matching.

This report describes a copper cable assembly that
fulfills the InfiniBandTM requirements for sending
data at 2.5Gbps/pair.

2. Technical Background

Cables are most often regarded as a component
that receives noise. Originally, the purpose of differ-
ential transmission was to perform long-haul trans-
mission at low voltage and cancel common mode
noise. However, if a cable has skew the differential
signals given at the transmitting end produce a com-
mon mode noise that did not exist on the transmitting
side, in addition to the corresponding differential sig-
nals. In other words, a connector-attached cable can
be a noise source if the electrical lengths of the pair
differ. 

Practically, to eliminate the common mode noise at

the receiving end of the cable, it is necessary to make
the cable structure symmetric with respect to the
location of paired conductors, and also to equalize the
electrical lengths to prevent skew. 

Meanwhile, even if the cable has skew and there-
fore causes common mode noise, low crosstalk does
not significantly affect signal transmission. This
means that the cable assembly for use in high-speed
transmission, such as InfiniBandTM, must be low in
skew and crosstalk.

3. Performance Target

Based on the InfiniBandTM architecture specifica-
tion, we set the performance targets for the cable as
those specified in Table 1.12)

Considering these targets, we adopted the Twinax
structure in which each pair of parallel conductors is
shielded. The cross section of the cable is shown in
Fig.1. 8) 9)

To reduce the influence of skin effects, we used sil-
ver-plated annealed copper in the cable conductor.

To provide a lower dielectric constant, we used
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Table 1. Performance Target (September 2003)

Item Unit Spec Remark

In-pair skew
Bulk cable ps/m 10max
5m assembly ps 80max

Pair to pair skew ps/m 20max

Differential impedance
Connector Ω 90~110 100ps rise time
Cable Ω 105~115 100ps rise time

Near-end crosstalk less than 4% 100ps rise time

Eye pattern (2.5Gbps)
Eye height mV 316min 1V differential input
Jitter p-p UI 0.25max

Insertion loss dB/ass'y 10max 1.25GHz



foamed polyethylene in the cable insulation.
As for environmental protection, we adopted a Pb-

free, fire-retardant material for the cable. 

4. Cable Assembly

Fig.2 illustrates the terminal design of the cable
assembly 10) 12). Resistance welding was employed to
connect the connector and the cable (conductor,
drain) to maintain connecting quality and to eliminate
the use of lead. 

In a cable assembly, impedance changes a great
deal at the interface between the cable and the con-
nector because it has a structure different from the
cable cross-section. It is crucial, therefore, to reduce
the impedance fluctuation in the interface if improved
performance is to be achieved.

Although signal lines are occasionally connected
with the connector via an FR4 printed circuit board,
we did not use one to avoid impedance changes in
the connection. In the connector we have developed,
the terminal width is constant from the mating area to
the welding position with the signal line in order to

reduce impedance changes, and the terminal was
connected directly to the signal line.

5. Performance of the Developed Article 11) 12)

5.1 Electrical Property

Fig.3 shows the outward appearance of the devel-
oped cable assembly.

The in-pair skew, differential impedance, near-end
crosstalk, eye pattern, and attenuation characteristics
were also examined.

In conducting measurement, we referred to the
InfiniBandTM architecture specification and EIA364 2)

3) 4) 5) 6).
Additionally, we used a test card of our own for

connection between the cable assembly and the coax-
ial cable of the measuring instrument. Fig.4 illus-
trates one of several different sets of measurement.

5.1.1 In-pair Skew 

We employed the TDT (Time Domain
Transmission) method to measure skew with a TDR
(Time Domain Reflectometer). Fig.5 illustrates the
result of in-pair skew. Although the bulk cable had a
skew of 10ps/m or less, we succeeded in reducing
skew to 80ps/ass'y or less in a 5-m product by paying
special attention to cabling.
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Fig. 1.  Cross Section of the Cable (24 pairs).

Fig. 3.  Outward Appearance of Cable Assembly .
(Left; InfiniBandTM 4X, Right; InfiniBandTM 12X)

Fig. 4.  The Measurement Overview.

Fig. 2.  Terminal Design of Cable Assembly.
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Fig. 5.  In-pair Skew.



5.1.2 Differential Impedance

We used the TDR for impedance measurement and
succeeded in lowering the fluctuation of impedance
of the terminal, including the mating area and weld-
ing area, to 100±10Ω, which was the specified value
by InfiniBandTM specification. Fig.6 shows the maxi-
mum and minimum impedance of cable assembly.

5.1.3 Near-end Crosstalk 

Fig.7 shows the sum of crosstalk when signals
were transmitted through conductor pairs both adja-
cent to a measured conductor pair. Compared with
the InfiniBandTM spec of 4%, the crosstalk in the
developed cable was much lower at 2%. 

5.1.4 Attenuation Characteristics 

The attenuation was limited to 10dB or lower at
1.25GHz, and therefore met the InfiniBandTM require-

ments. The attenuation characteristics are shown in
Fig.8.

5.1.5 Eye Pattern 

Fig.9 illustrates the typical eye pattern with 5-m
cable assembly at 2.5Gbps.

We measured the eye height and total jitters in the
eye pattern test when CJTPAT of 1.0V was applied to
the conductor pair to be measured. 

By transmitting signals of PRBS of 1.6V in the adja-
cent conductor pairs, we tested the cable under con-
ditions close to those of actual use, and confirmed
that it has an eye pattern similar to that observed in
single-pair transmission. 

Fig.10 and Fig.11 show the eye height and the jitter
both with and without noise.  Changes were negligi-
ble in both.
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Fig. 6.  Differential Impedance.
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Fig. 7.  Near-end Crosstalk Characteristics.
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Fig. 10.  Eye Height Analysis.
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Fig. 11.  Total Jitter Analysis.
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Fig. 8.  Attenuation Characteristics.

Fig. 9.  Eye Pattern.



The jitter of all pairs is 65ps or lower, against the
standard of 100ps or lower. The eye heights of all
pairs are 420mV or higher, against the standard of
316mV.

The cable met the requirements for eye height and
jitter by sufficient margins.

This comparison test also indicates that crosstalk is
very low in the developed cable assembly.

5.2 Mechanical Properties
5.2.1 Bending Performance

In the InfiniBandTM specification, the recommend-
ed minimum bend radius of the cable assembly is no
more than 100mm, as shown in Fig.12. First, we con-
firmed that the manufactured cable showed no dam-
age or performance degradation when bent into this
shape. And our original mandrel-bending test was
conducted to confirm that the cable assembly was
sufficiently durable and flexible, while meeting the
InfiniBandTM requirements. In addition, our own man-
drel test showed that the cable had sufficient bending
performance and strength to satisfy the InfiniBandTM

specs.

5.2.2 Peeling Strength

Use of the direct-attachment technique changes
the means of connection between the cable and con-

nector. The most important factor in the connection
is reliability. To examine this, we compared the con-
nection strength between a welded product and a sol-
dered product.

Fig.13 shows the strength of the welded cable con-
ductor and the connector terminal. It has a peel
strength comparable to that obtained by soldering.

5.2.3 Flammability Test 

The cable satisfied the requirements of the vertical-
tray flammability test. We obtained a UL/CSA certifi-
cate (CM level).

6. Conclusion

We have developed a cable, a connector, and a
cable assembly that are applicable to InfiniBandTM

architecture at 2.5Gbps signaling. In particular, the
near end crosstalk level is very low, at around 2%,
compared with the InfiniBandTM requirements of 4%.
The welded connection has a strength as high as that
provided by soldering and, in combination with the
Pb-free cable material, for which inflammability has
been authenticated by UL/CSA, the direct attach-
ment connection using no solder completely elimi-
nates the use of lead.
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