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Abstract
Data speed requirements for In-Vehicle Networks (IVN) 
continue to grow as auto safety and entertainment 
systems like Advance Driver Assistance Systems (ADAS) 
and cockpit infotainment systems become faster and 
more sophisticated. Manufacturers are transitioning to 
automotive Ethernet for in-vehicle networks to support the 
data speed performance required for these new systems. 
To ensure that Ethernet equipment operates correctly in 
the automotive network, components like transmitters, 
receivers, and cables/connector assemblies must pass a 
series of compliance tests.

The MDI Mode Conversion Loss measurement ensures the 
compliance of the Common mode EMI/EMC generated by 
the ECU-to-ECU communications.

Introduction
The IEEE P802.3bw D3.3 and IEEE P802.3bp standards 
identify several compliance tests to ensure equipment 
interoperability.

Media Dependent Interface (MDI) Mode Conversion Loss 
is a crucial test. The common-to-differential mode and 
differential-to-common mode conversion specifications 
are intended to limit the amount of unwanted signal energy 
that is allowed to be generated due to the conversion of 
common-mode-voltage-to-differential-mode-voltage or 
vice versa. This test evaluates the loss of an MDI under test 
to confirm that the reflected power remains below set limits 
over specific frequency ranges which are defined in the 
standards.

The MDI mode conversion loss measurements are typically 
performed with a Vector Network Analyzer’s (VNA) Port 1 
and 2 performing the Mode Conversion loss measurement.

Source: Open Alliance
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Technical Insight
A compliant 100BASE-T1 / 1000BASE-T1 device shall ideally 
have a differential characteristic impedance of 100Ω; 
however, mismatches in the positive and negative polarities 
of the MDI output will introduce mode conversion.

In wired signal transmission, conversion between the 
differential and common modes deteriorates the quality 
of the transmitted signal and causes electromagnetic 
compatibility problems in the environment. Therefore, 
the transmission-line components are requested to be 
tested for their conversion loss characteristics, such as the 
longitudinal conversion loss (LCL), transverse conversion 
loss (TCL), and mixed-mode S-parameters.

The common-mode-to-differential-mode conversion TCL 
and TCTL (defined in S-parameters: Sdc11, Sdc22, Sdc21, 
and Sdc12) of the link segment for 100BASE-T1 MD shall meet 
or exceed the following equation for all frequencies from 
1 MHz to 200 MHz:

100BASE-T1 Compliant Region: LCL (Sdc11), TCL (Scd11). 
longitudinal conversion loss (LCL) and transverse 
conversion loss (TCL) mode conversion for 1000BASE-T1 link 
segment, LCL (Sdc11) or TCL (Scd11) of the PHY measured at 
MDI shall meet the values determined using equation at all 
frequencies ranging from 10 MHz to 600 MHz:

The mode conversion specification applies to:

•	 Longitudinal conversion loss (LCL) with s-parameter 
SDC11/SDC22 and description of common mode to 
differential mode return loss

20*log10(abs 0.5* (S11 + S12 - s21 - S22)

•	 Transverse conversion loss (TCL) with s-parameter 
SCD11/SCD22 and description differential mode to 
common mode return loss

•	 Longitudinal conversion transmission loss (LCTL) with 
s-parameter SDC12/SDC21 and description common 
mode to differential mode insertion loss

•	 Transverse conversion transmission loss (TCTL) with 
s-parameter SCD12/SCD21 and description differential 
mode to common mode insertion loss

1000BASE-T1 Compliant Region
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Recommended Test Setup
Note: The MDI mode conversion loss measurements are typically performed with a Vector Network Analyzer (VNA). 
Depending on the design of the VNA there may only be a single input port, if this is the case a balun will need to be used to 
convert the differential transmission of the DUT to a single-ended input for the VNA. However, if the VNA has two or more 
input ports a balun is not necessary.

When using a VNA, the MDI Mode Conversion Loss measurement must be performed on a multi-port network analyzer. When 
measuring mode conversion loss, the impedance balance of the cabling and test fixtures in the test setup is critical. In 
addition to the test fixtures used, it is highly recommended that a reference ground plane is placed under the test setup, and 
securely connected to the test fixture for sufficient grounding. Any fixtures used to connect the MDI of the DUT to the test 
equipment should have enough mode conversion loss margin compared to the MDI requirement.

Typical Setup

In the VNA, set the start and stop frequencies for testing. 
In accordance with the Open Alliance specifications, the 
appropriate frequency ranges must be selected based on 
the automotive ethernet bit rate:

Data Rate Start Frequency Stop Frequency

100BASE-T1 300 KHz 66 MHz

1000BASE-T1 1  MHz 1000 MHz

Actual Setup

MDI Mode Conversion Loss 
Test Report Integration Guide
The TekExpress automotive solution for 100 Base-T1 / 1000 
Base-T1 provides an option to integrate the external result 
of MDI Mode Conversion Loss (MCL) to a TekExpress report.

The solution provides an option to choose a specific S2P file 
format (which has Sdc11 (Re/IM) ) to browse. This solution 
reads the Sdc11 Real and Imaginary values, converts them 
into dBm unit, and plots against the compliance limit.

MDI Mode Conversation Loss Test S2P 
File Format
The solution expects the S2P file in the following 
format only:

!Freq    Sdd11: Re/Im Sdc11: Re/Im  Scd11: Re/Im    
Scc11: Re/Im

# Hz S RI R 50

The solution just assumes the Sdc11 is in 2nd place and its 
Re/Im at columns 4 and 5 respectively. Typical values are 
shown below.
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Configuration of MDI MCL Test
For 100 Base-T1 or 1000Base-T1 Test

•	 Go to the “DUT Panel” and select the Suite.

•	 GO to the “Test Panel” as below and select the Test

•	 Click on MDI Mode Conversation S2p “Browse” option.

•	 Perform run.

•	 The report will be generated with all details.

MDI Mode Conversion TekExpress Report

100BASE-T1 MDI Mode Conversion Loss (MCL) 
Test Limit

The below graphs show the IEEE conformance limits for the 
100BASE-T1/ 1000BASE-T.

Note: These limit values are defined in IEEE P802.3bw/
D3.3 Standard.
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1000BASE-T1 MDI Mode Conversion Loss (MCL ) 
Test Limits

This limit is from IEEE Std 802.3bp-2016.

Simulation data for the MDI Mode Conversion loss at 
different ports using a Matnet test fixture.

MDI Mode Conversion TekExpress Plot

Summary
MDI Mode Conversion Test is performed using an external 
VNA. This measurement will help to check the compliance 
of the Common mode EMI/EMC from the ECU-to-ECU 
(Electronic Control Unit). It is always a challenge for the 
user to provide a single compliance report. However, the 
Tektronix automotive compliance solution for 100/1000 
Base-T1 provides an option to integrate the external 
result of MDI Mode Conversion Loss (MCL) to the Tektronix 
TekExpress report.
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Contact Information:
 Australia 1 800 709 465

Austria* 00800 2255 4835
Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777

Belgium* 00800 2255 4835
Brazil +55 (11) 3530-8901

Canada 1 800 833 9200
Central East Europe / Baltics +41 52 675 3777

Central Europe / Greece +41 52 675 3777
Denmark +45 80 88 1401
Finland +41 52 675 3777

France* 00800 2255 4835
Germany* 00800 2255 4835

Hong Kong 400 820 5835
India 000 800 650 1835

Indonesia 007 803 601 5249
Italy 00800 2255 4835
Japan 81 (3) 6714 3086

Luxembourg +41 52 675 3777
Malaysia 1 800 22 55835

Mexico, Central/South America and Caribbean 52 (55) 88 69 35 25
Middle East, Asia, and North Africa +41 52 675 3777

The Netherlands* 00800 2255 4835
New Zealand 0800 800 238

Norway 800 16098
People’s Republic of China 400 820 5835

Philippines 1 800 1601 0077
Poland +41 52 675 3777

Portugal 80 08 12370
Republic of Korea +82 2 565 1455

Russia / CIS +7 (495) 6647564
Singapore 800 6011 473

South Africa +41 52 675 3777
Spain* 00800 2255 4835

Sweden* 00800 2255 4835
Switzerland* 00800 2255 4835

Taiwan 886 (2) 2656 6688
Thailand 1 800 011 931

United Kingdom / Ireland* 00800 2255 4835
USA 1 800 833 9200

Vietnam 12060128

* European toll-free number. If not  
accessible, call: +41 52 675 3777
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