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W/H from a noise generator via a BCI probe in order to 
evaluate the tolerance of products. We constructed a test 
system in an anechoic chamber shown in Fig. 10. In this 
study, we obtained the signal quality indicator (SQI) 
value,*6 which was output by the PHY on the side of the 
equipment under test (EUT) when the noise of respective 
frequencies (1 to 100 MHz) was injected into a W/H of the 
automotive Ethernet, as the measurement result.

Figure 11 shows the configuration of the BCI test in 
the physical layer simulation. Regarding the corresponding 
device and EUT (development board in Fig. 11) used in the 
real device test, we constructed respective models based on 
the technique discussed in Chapter 4. Regarding the BCI 
probe for injecting noise, we constructed a single model by 
measuring S-parameters using five ports including a W/H 
and CON.

The measurement results and simulation results for the 
noise injection frequency between 1 and 100 MHz are 
shown in Fig. 12. The horizontal axis represents the noise 
injection frequency. The solid line (vertical axis on the 
right) shows the SQI value (measurement value) of the 
PHY, while the dotted line (vertical axis on the left) shows 
the amount of noise received (simulation value) of the PHY. 
The lower the SQI value, the lower the quality of received 
signals. The figure shows that a large amount of noise that 
degrades the signal quality flows into the PHY in around 20 
to 50 MHz, and that a small amount of noise that does not 
affect the signal quality flows into the PHY in 60 MHz or 
more. The simulation results show the same trend in the 
amount of noise as discussed above, and therefore are 
highly consistent with the measurement results. Figure 13
shows the reference simulation results of the reception 
waveform eye patterns of the noise injection frequency at 

around 25 MHz, where the amount of noise received is 
high and the SQI value is low, and at around 70 MHz, 
where the amount of noise received is low and the SQI 
value is high.

6. Conclusion

We developed a physical layer simulation technology 
for efficiently verifying the EMC performance of commu-
nication systems under various conditions to reduce the 
man hours and development cost for EMC measures and to 
optimize the components to implement measures. We have 
been using this technology to verify the EMC performance 
of our relevant products (ECU, W/H, CON) that are 
utilized in communication systems and to verify the 
measures for design improvement. We will apply the tech-
nology to automotive Ethernet with the transmission speed 
of 1 Gbps whose standardization has been completed by 
IEEE and 2.5 Gbps or more whose standard is currently 
being formulated.
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Fig. 10.  Real device test system for BCI test

Fig. 11.  Simulation configuration of the BCI test

Fig. 12.  Comparison between measurement and simulation results in the BCI test

Fig. 13.  Simulation results of the reception waveform eye patterns
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Technical Terms
＊1	� Electromagnetic compatibility (EMC): EMC refers to 

the performance of electrical and electronic 
equipment in operation that does not affect other 
equipment or systems and that is immune to 
electromagnetic waves generated by other equipment. 
The former is referred to as electromagnetic 
interference (EMI) or emission performance, and the 
latter is referred to as electromagnetic susceptibility 
(EMS) or immunity performance.

＊2	� Eye pattern: An eye pattern refers to signal 
waveforms that are sampled and overwritten for a 
certain period of time. The name is derived from the 
fact that the opening in the center that is created when 
waveforms are overwritten is similar to an eye. 
Deterioration in the signal quality causes dispersion 
in the signal amplitude and time axis, and the eye 
becomes narrow. The signal quality can be evaluated 
quantitatively based on the width and height of the 
eye.

＊3	� Physical medium dependent (PMD): The layer 
converts and amplifies the waveform depending on 
the transmission media such as light and electricity.

＊4	� Vector network analyzer: A vector network analyzer 
is equipment for measuring the frequency 
characteristics such as the forward power and 
reflected power of a high frequency circuit network.

＊5	� De-embedding: De-embedding is a technique to 
extract only the characteristics of the measurement 
target by removing the influence of non-targets such 
as the measurement jig.

＊6	� Signal quality indicator (SQI) value: SQI  represents 
the relative signal quality. The received signals are 
separated into transmitted signals (that make up the 
data) and noise, and the signal noise ratio (SNR) is 
calculated. The SQI value is output based on the SNR 
value. In general, the higher the SQI value, the lower 
the noise, indicating that the signal quality is good.
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