
 

 

 

Transmitter Distortion Test 
Two methods, one answer 
Automotive Ethernet Tip  
 

Today’s vehicles, and the connected vehicles of the future, rely on fast data communications. Automotive 
Ethernet enables faster data communications but, it must also transmit large amounts of data very quickly 
without adding distortion that would affect the signal quality. The IEEE’s 100BASE-T1 and 1000BASE-T1 
Transmitter Test Mode 4 supports a transmitter distortion test that is used to ensure the Ethernet’s 
transmitter distortion does not exceed a set limit. The standard’s transmitter distortion test measures the 
peak distortion of the transmitter and verifies that it is within specified limits.  
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Transmitter Distortion Test Method 1  
Equipment Function 

Function generator Generates a signal source with a disturbance 
Oscilloscope View/measure the resulting signal 
Clock frequency divider Provides a stable 10 MHz reference clock during test. 
Signal combiner Provides disturbance signal coupling to the test pattern 

 

The IEEE 802.3 standard defines the disturbance signal to be 
1
6
 of the frequency of the transmitted 

pattern. So, for 100base-T1, the external signal source outputs 11.1 MHz sinusoidal wave 
1
6

(66𝑀𝑀𝑀𝑀𝑀𝑀) = 11𝑀𝑀𝑀𝑀𝑀𝑀 

 and for 1000base-T1, 125 MHz disturbance signal. 

1
6

(750𝑀𝑀𝑀𝑀𝑀𝑀) = 125𝑀𝑀𝑀𝑀𝑀𝑀 

. The disturbance signal is then coupled to the PRBS test patterns using a signal combiner. Keysight’s 
AE6941A automotive ethernet test fixture provides a signal combiner circuitry optimized to provide 
signal coupling for the automotive ethernet distortion test. To ensure the disturbance signal is in 
synchronous with the test pattern, the test setup suggests using the 10 MHz reference clock to drive the 
DUT, oscilloscope and the external signal source. The 10 MHz output of the frequency divider is 
connected to the 10 MHz Ref In of an oscilloscope and function generator to synchronize the clock 
between instruments and the DUT.    

 

 

 

 

 

 

 

 

 

 

The peak distortion is measured by capturing the test mode 4 waveform and finding the least mean 
squared error. The peak error between the ideal reference and the observed symbols is the peak 
transmitter distortion. In addition to this method there is an alternative way to test transmitter distortion 
that does not require the use of a clock frequency divider. 
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Alternative Method 
If the TX_TCLK of the DUT is not accessible or the DUT does not have an external clock input, the test 
equipment will not be able to synchronize internal sampling clocks and, phase offsets will occur in test 
equipment causing measured distortion values to not be as accurate as when the DUT’s TX_TCLK was 
available.  

The Keysight automotive ethernet Tx compliance software automatically configures the oscilloscope for 
the transmitter distortion test and uses an algorithm to condition the function generator’s signal to a 
nominal bitrate. The algorithm is enabled by default when the ‘Use 10MHz Ref Clock’ checkbox within the 
Keysight Tx compliance software is disabled.  

Note: When the ‘Use 10MHz Ref Clock’ checkbox is enabled, a clock frequency divider as well as access 
to TX_TCLK is required for 10 MHz reference clock synchronization. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Test set up selection In Keysight automotive ethernet Tx application. 
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How the transmitter distorition test works 
In test mode 4 for 100BASE-T1 tests, the oscilloscope measures waveform data. The starting times are 
noted for each of the 2047 symbols (repeated 6 times) for the waveform. The period is measured for each 
starting point, and the 2047 symbols of waveform data are shaped for an ideal period, which is called 
“Constant Unit Interval” and is used as a clock recovery method. The results are the shaped waveform 
data. The peak distortion values, measured at a minimum of 10 equally spaced phases of a single symbol 
period, should be less than 15 mV. 

Both methods are highly accurate and 100% traceable as shown in the resulting plots below for the same 
Test Mode 4 waveform using the clock frequency divider (TX_TCLK) and the test solution without the 
TX_TCLK. 

 

 

 

 

 

 

 

 

 

 

 

 

Summary 
Transmitter distortion test measures maximum allowable transmitter distortion. Keysight provides two test 
methods in transmitter distortion test. Either method provides accurate results for both 100BASE-T1 and 
1000BASE-T1 data rates.  For multiGbase-T1 automotive ethernet standard, the distortion test has been 
replaced by a linearity SNDR test.  

For more information, please go to www.keysight.com/find/automotive-ethernet.  

Figure 3. Test data for 5 trials each of disturbed signal using TX_TCLK, and disturbed signal without TX_TCLK. 
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