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opened and closed. When the coaxial wire multi-core 
cable was folded at a radius equal to its diameter, the 
signal transmission characteristics were not affected, 
indicating that the risk of degradation is very low.

4. Evaluation Results of the SFP+ and 
QSFP+ Cables

4-1	 Evaluation results of the SFP+ cable
SFP+ is a form factor specified by a multi-source 

agreement (MSA), an industry standard for communica-
tion modules. The electrical interface specifications, 
including transmission characteristics, are defined in 
SFF-8431(1). SFP+ (a passive cable) is specified as 
10GSFP+Cu in SFF-8431(1). Table 4 shows the main 
parameters related to the transmission characteristics. 
Figures 5 to 8 show the evaluation results (3 m) of 
each parameter.

Vcm is the common mode voltage*3 output after 
cable transmission and a parameter most susceptible to 
the skew of the cable. The obtained value of Vcm 
proves that the developed low skew micro-coaxial wire 
has sufficient performance conforming to the specifica-
tion. dWDP and VMA Loss are the parameters indi-
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Photo 1.  Cable folding test

Fig. 5.  Output AC Common Mode Voltage (Vcm)

Fig. 6.  Difference Waveform Distortion Penalty (dWDP)Fig. 4.  Effect of folding on insertion loss

Table 2.  Flexibility test results (bending load)

Table 4.  Main parameters of 10GSFP+Cu

Table 3.  Bending durability test

Sample Coaxial wire Twinax wire Unit

No.1 0.0055 0.0308 

NG‰mNo.2 0.0049 0.0362 

No.3 0.0050 0.0420 

Parameter Minimum Maximum Unit

Output AC Common Mode Voltage (Vcm) 13.5 mV (RMS)

Difference Waveform Distortion Penalty (dWDP) 6.75 dBe

VMA Loss 4.4 dBe

VMA Loss to Crosstalk Ratio (VCR) 32.5 dB

Number of bending 
cycles

Insertion lossat 5.0 GHz [dB/m]

Coaxial wire Twinax wire

0 4.7 4.7

1,000 4.6
No electrical 
conduction

5,000 4.7 -

10,000 5.2 -

15,000 6.1 -

16,000
No electrical 
conduction -
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cating the level of degradation of a signal waveform 
after cable transmission. VCR is the tolerance to cross-
talk*4 between opposing lanes. It has been confirmed 
that these parameters are satisfactory.

  These results are for 3-m cables, for which the 
property requirements of the specifications are more 
severe. Satisfactory results were obtained similarly for 
1-m cables.
4-2	 Evaluation results of the QSFP+ cable

As with SFP+, QSFP+ is a form factor specified by 
MSA, but its electrical interface specifications are not 
defined in MSA. Communication standards, such as 
Ethernet*5 and InfiniBand*6, are referenced for QSFP+. 
This report presents the results of evaluation against 
40GBASE-CR4(2), an Ethernet standard for passive 
cables for a transmission rate of 40 Gb/s (4×10 Gb/s). 
Table 5 shows the typical transmission performance 
parameters of 40GBASE-CR4. Figures 9 and 10 show 
the typical evaluation results.

IL is a parameter indicating signal attenuation, 
which increases with an increase in the skew of the 
cable. It has been confirmed that with small variations 
among lanes, the obtained value of IL is sufficient to the 
specification. ICN is a parameter indicating the toler-
ance to crosstalk from the other seven lanes (3 lanes in 

the same direction and 4 lanes in the opposite direc-
tion). The coaxial wires in the cable must have a high 
shield performance to meet this property.

It has been confirmed that with both high flexibility 
and shield performance, the developed coaxial wire has 
satisfactory properties for both 1-m and 3-m cables.

7. Conclusion

We have reduced the skew of a micro-coaxial wire 
and have successfully developed thin, flexible and 
robust direct attach cables (SFP+, QSFP+) for use in 
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Fig. 7.  VMA Loss

Fig. 9.  Insertion Loss (IL)

Fig. 8.  VMA Loss to Crosstalk Ratio (VCR)

Fig. 10.  Integrated Crosstalk Noise (ICN)

Table 5.  Main parameters of 40GBASE-CR4

Parameter Minimum Maximum Unit

Insertion Loss at 5.15625 GHz (IL) 3 17.04 dB

Integrated Crosstalk Noise (ICN) See Fig.10 mV (RMS)
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data centers, which have transmission characteristics as 
good as conventional twinax direct attach cables. We 
believe that these products will make a significant 
contribution to improving the ease of installation and 
operation and in heat dissipation performance for high-
density, high-speed signal wiring in the rack.

Technical Terms
＊ 1	� Twinax wire: A twinax wire is made of two insulated 

signal wires and a drain wire placed in parallel and 
wrapped with conductive tape.

＊2	� Coaxial wire: A coaxial wire is made of a single 
insulated signal wire surrounded by a braided 
external conductor. Two coaxial wires are required 
for differential signal transmission.

＊3	� Common mode voltage: The common mode voltage 
is a voltage in the same phase generated between 
two signal wires. It is generated due to an amplitude 
difference or a phase difference (skew) between 
negative and positive signals.

＊4	� Crosstalk: Crosstalk refers to the leakage of a 
transmission signal from one transmission channel to 
another. In this report, it refers to the leakage of a 
signal from one lane to a specific lane in a direct 
attach cable.

＊5	� Ethernet: Ethernet is a communication network 
standard. It is widely used as a practical Local Area 
Network (LAN) standard.

＊6	� InfiniBand: InfiniBand is a high-speed interface 
standard developed by the InfiniBand Trade 
Association (IBTA) for servers or external storage 
devices.

References
( 1) 	� SFF-8431 Specification for Enhanced Small Form Factor 

Pluggable Module SFP+ Rev 4.1 (July 6, 2009)
(2)	‌� IEEE 802.3ba™-2010 Media Access Control Parameters, 

Physical Layers, and Management Parameters for 40 Gb/s 
and 100 Gb/s Operation

Contributors (The lead author is indicated by an asterisk (*).)

Y. MAEDA*
• ‌�Assistant General Manager, Sumitomo 

Electric Wire Inc.

K. SHIMADA
• ‌�Optical Communications R&D Laboratories

Y. ISOYA
• ‌�Sumitomo Electric Wire Inc.

T. HAYASHISHITA
• ‌�Sumitomo Electric Wire Inc.

M. HARUMOTO
• ‌�Group Manager, Optical Communications 

R&D Laboratories


