
1. Introduction

Recently, servers at data centers should render
more high-speed data transmission because the pro-
cessing data volume has increased explosively.
InfiniBandTM 1) architecture is the general I/O tech-
nology independent of systems and devices. It can
provide simple data transmission process, delay-time
reduction, increase in network bandwidth and
enhanced interoperability.  The physical layer of the
standard has a large data transmission capacity of 2.5
Gbps per channel, which is one of the fastest inter-
faces among metal cable applications.  It can be
expanded by cable multiplex.  '4X' cable is 4-channel
cluster and has a transmission capacity of 10 Gbps ,
and '12X' cable is 12-channel cluster and has a capaci-
ty of 30 Gbps.

We have developed connectors, cables and assem-
blies implemented in relation to InfiniBandTM stan-
dard.  In various tests conducted to examine the elec-
trical and mechanical properties of the connector and
the cable assembly, we have made it sure that the
products meet InfiniBandTM requirements and
ensured excellent performance in crosstalk and
impedance matching 2).

Not only cables but also connectors are required to
have high transmission characteristics in order to
meet InfiniBandTM standard.  The assembly technolo-
gy is also very important.  Our welding-type connec-
tor is excellent especially in impedance matching and
near-end crosstalk characteristics, which enables
long-length transmission.  In addition, it is assembled
without soldering designated by RoHS (Restrictions
on Hazardous Substances) and so it is an ecological
product.

2. Configuration

The appearance of 4X and 12X welding-type con-
nectors is shown in Fig. 1.  The material and specifi-

cation of the welding-type connector are shown in
Table 1, and the appearance of welding portion is
shown in Fig. 2.

Many interface cables are soldered onto the print-
ed circuit board (PCB).  But our welding type connec-
tor has no PCB and the terminal width is constantly
0.4 mm that can reduce the impedance deviation.
Also, the ground plate can minimize the increase in
crosstalk between signal terminals.
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We developed the welding type connector and welding method for high-speed cable, which is
based on InfiniBand™ standard.  The standard is defined by IBTA (InfiniBand Trade
Association) as an interface standard of the next generation.  Our cables have a favorable per-
formance for impedance matching and near-end crosstalk under 2.5 Gbps transmission.  In the
future, it will be applicable to 10 Gbps cable.

Fig. 1.  Welding Type Connectors.

Table 1. Material and Specification of Welding Type
Connector

Plug
Terminal Copper-Alloy/Ni plating

Housing LCP 

Hood Zn Die casting/Ni plating

Shell
Lever Nylon (blue)

Latch Stainless steel

Plastic cover PC/ABS

Rated voltage DC30V

Rated current 0.5A/Terminal

Specification Withstand voltage AC500V/1min

Insulation resistance >1,000MΩ/DC100V

Contact resistance
Signal <70mΩ

Drain  <30mΩ



A cable conductor and a connector terminal are
joined directly by resistance welding, which does not
need soldering material.  Therefore, our welding type
connector is lead- free by itself.

Soldering connection needs to make a fillet shown
in Fig. 3 so as to satisfy mechanical strength.  Making
a good fillet requires enough pad width and length in
the PCB.  Welding connection can produce enough
mechanical strength even if its welding area is small-
er.  Narrower terminals increase the electrical dis-
tance between the terminal conductors, and shorter
terminals stabilize electric continuity between the
connection area and the cable, which contribute to
the improvement of crosstalk.

3. Terminal Assembly

We adopted a parallel gap method in resistance
welding to connect a cable conductor to a connector
terminal, as shown in Fig. 4.  Resistance welding is a
method to weld two blocks/sheets of metal using
Joule heat by instantaneous bulk current. The time of
applying current is very short and temperature-rise
area is very narrow, so the heat influence is small
around the welding point.  The parallel gap method is
usually used for micro welding.

Generally, metals with high resistivity are suitable
for resistance welding because it utilizes Joule heat.
However, the material of cable conductor is annealed
copper with silver plating and the material of connec-
tor terminal is copper alloy.  As shown in Table 2, the
resistivity of copper is low and so it is difficult to weld

copper and copper alloy by resistance welding.  So,
we used the electrode with relatively high resistivity
such as tungsten or molybdenum.

The electrode condition is very important for stable
welding.  The electrode easily suffers from abrasion
and deterioration, and that makes it difficult to keep
the current density stable during welding.
Furthermore, micro welding has a very small toler-
ance range in melting, diffusion thickness and distor-
tion.  So, the tolerance of current density directly
influences the quality of welding.

Therefore, we developed the welding technology
that is tolerant of current deviation, and we found out
the permissible welding range in melting, diffusion
thickness and distortion.

4. Quality Evaluation

We evaluated the quality of welding by monitoring
welding process, mechanical peel tests and cross-sec-
tion inspection.

4.1 Monitoring Welding Process

We tried to weld, so many times, under various
conditions and collected data on welding like welding
voltage/current and force, mechanical strength of the
weld portion and so forth.  Then, we decided the opti-
mum welding condition.

During welding in mass production, we monitored
current, voltage and welding force in real time, and
analyzed the monitored data.  When some welding
data are out of the predetermined range, we decide
that the weld is not acceptable.  If some unpredictable
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Fig. 2.  Photo of Welded Portion.
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Fig. 4.  Diagram of Parallel Gap Method.

Table 2. Material Resistivity and Melting Point

Metal Element
Resistivity Heat conductivity Melt point
(µΩ · cm) (J/cm · sec · °C) (°C)

Silver Ag 1.63 4.18 960

Copper Cu 1.72 3.92 1,083

Tin Sn 11.5 0.75 232

Tungsten W 5.5 1.46 2,625

Molybdenum Mo 5.14 1.34 3,410



defect  occurs, we can find it easily because the wave-
forms of welding current and voltage become much
fluctuated.  Thus, we developed a method to weld a
cable conductor and connector terminal with high
reliability.

4.2 Mechanical Peel Test / Cross-section Inspection

We evaluated the weld strength, using mechanical
peel tests.  The relation between input Joule heat and
peel force is shown in Fig. 5.  When the input power
is small, weld does not occur.  When the power is
large, splash occurs and peel force is unstable.  On
the contrary, when the power is in the intermediate
range, the peel force is high and stable.  Especially,
the peel force is larger than that of soldering.

A photo and EPMA line analysis data of longitudi-
nal cross-section of the welded portion are shown in
Figs. 6 and 7, respectively.  The photograph shows
that a silver layer exists at the portion 'A' between
conductor and terminal, which signifies that the type
of weld of 'A' is silver-brazing.  On the contrary, there

is no silver layer at the portion 'B'.  EPMA analysis of
the portion 'B' shows that tin diffused from the cop-
per-alloy terminal to the cable conductor.  It means
there is diffused junction at the portion 'B'.

5. Electrical Characteristics

Table 3 shows electrical characteristics of our
InfiniBandTM cable with welding-type connector.  Eye
pattern in 8-meter-cable assembly is shown in Fig. 8.
The cable and connector assembly satisfies
InfiniBandTM standard.  Especially, near-end crosstalk
characteristics of the cable with the conductor size of
AWG24 is 2.7% at a maximum.  This cable assembly
can be applicable to transmission up to 8 m.

6. Conclusion

We developed the welding-type connector in con-
formity to InfiniBandTM standard.  The cable assem-
bly with the connector showed good performance
and satisfied the standard.  The mass production of
this type of assembly has already started.  We are
presently developing an InfiniBandTM cable and con-
nector applicable to over 10-m -length transmission.
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Table 3. InfiniBand Specification and Measurement Result of
8m AWG24 Cable Assembly

Item Unit InfiniBand spec. Result Remarks

Differential 
Ω

90~160 104~109 Cable
impedance 100±10 92~98 Connector

Insertion loss dB <10 <7.9 1.25GHz

Pair to pair skew ps <500 <106

In pair skew ps <39.6

Near end crosstalk % <4 <2.7
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Fig. 5.  Relation of Joule Heat and Peel Force.

Fig. 6.  Longitudinal Cross-section of Welded Portion.

Fig. 7.  EPMA Analysis of Longitudinal Cross-section of
Welded Portion.
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Fig. 8.  Eye Pattern (8m AWG24 Cable Assembly).


