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1.

Foreword

The MCU coupling methods that generate electromagnetic disturbance mainly include:
conducted emission, magnetic near-field radiation, electric near-field radiation, and direct
radiation. The IEC61967-2 standard (SAE J1752-3) recommends the process and method of
using the TEM (transverse electromagnetic wave) cell for 150 kHz to 1 GHz radiated emission
(RE) testing of the MCU (integrated circuit). With the rapid development of MCU systems
towards miniaturization, high density, and high speed, the operating frequency of integrated
circuits continues to increase, and RE testing has become a general testing requirement for
present MCU products. The TEM cell method is suitable for MCU RE testing, which can help
to better understand the EMI performance of the MCU.
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2.

Overview

The IEC61967-2 standard provides an oveniew of the testing methods of electromagnetic
radiation from integrated circuits (ICs). Install the MCU under test on a printed circuit board
(PCB) for MCU testing. The PCB is fixed to a matching port (called housing port) cut out on
the top or bottom of the TEM cell or the GTEM cell. The PCB is not located inthe cell as usual,
but is part of the wall of the cell. The radiation voltage under test might be affected by many
factors, and the main factor is the distance between the partition and the PCB (cell housing)
for MCU testing. Chip-level RE testing uses a 1 GTEM cell. During the testing, adjust the
location of the PCB to change the geometric location and direction of the MCU relative to the
cell. Connect one 50 Q port of the TEM cell to a 50 Q load, and connect the other 50 Q port
to the input terminal of the spectrum analyzer or receiver to measure the radiation generated
by the MCU and transmitted on the core board of the cell.
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3.

Chip-level RE testing devices

Figure 3-1. TEM cell testing equipment and environment shows the MCU RE testing
systems and devices, which mainly include the following types:

1. Shielding equipment: Use double-shielded or semi-rigid coaxial cables for shielding
according to the electromagnetic environment around the testing. If necessary, perform the
testing in a shielded room;

2. Spectrum analyzer or EMI receiver: The IEC61967 standard specifies the performance
requirements for spectrum analyzers and receivers, including their frequency coverage, peak
detection, resolution bandwidth, etc.;

3. Preamplifier: Use a 50 Q coaxial adapter to connect the low-noise preamplifier directly
to the port of the TEM cell without cable connection;

4. The size of the TEM cell meets the requirements in the standard, and the operating
frequency is not higher than its cut-off frequency. The wltage standing wave ratio (VSWR)
within the test frequency range is not more than 1.5;

5. The VSWR of the load matching the 50 Q terminal is less than 1.1;

6. System amplifier or attenuator.

Figure 3-1. TEM cell testing equipment and environment
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4.

PCB for testing

Design the PCB for MCU testing in accordance with the requirements of the IEC61967-1 and
IEC61967-2 standards. The basic requirements for PCB for MCU testing are as follows.
Figure 4-2. Design of PCB for M CU testing shows a 100 cm? PCB with four metal layers;
the first layer is the earthing layer, and the second layer is the power layer. For details, refer
to "IEC 61967-2:2005". Theoretically, any size or shape of PCB can be used as long as it
matches the housing port of the TEM cell. However, design the PCB to 100 cm? whenever
possible, so that it can well match the 100 cm? housing port. According to the requirements
for the use of signal and power paths, the PCB can also contain additional inner layers. The
test report should describe the PCB configuration, including PCB photos or process drawings,
schematic diagrams, and list of components, as shown in Figure 4-1. PCB for MCU testing.
Make the device under test (DUT) side of the PCB (the layer with the MCU) face the inside of
the TEM cell, so that when it fits with the TEM cell or housing port, an earthing plane layer wil
be formed. No other PCB wiring is allowed on this surface, because the wiring might produce
addition radiation. The peripheral window earthing layer should use the ENIG process to
enhance the capacity of contact with the edge of the cell housing port. PCB wiring and other
necessary components (such as crystal oscillators) should be located in or connected to the
TOP layer of the PCB, that is, the outside ofthe TEM cell. Select power decoupling capacitors
for the MCU according to the manufacturer's recommendations, and install them in a way
matching the shortest lead length. Keep all the wiring as short as possible, and meet the PCB
design requirements. Configure pins not listed in the classification according to their functions

and provide an description in the report.

Figure 4-1. PCB for MCU testing
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Figure 4-2. Design of PCB for MCU testing
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5.

Test conditions

This application development guide mainly introduces how to test the radiated emission of
MCU integrated circuits through the TEM cell method. According to the IEC61967-2 standard,
the test conditions should meet not only the IEC61967-1 standard, but also the following two
requirements:

1. The supply wltage of the MCU integrated circuit under test should meet the
requirements of the MCU chip manufacturer; otherwise, give an explanation in the test report;
2. The frequency of the MCU integrated circuit under test is limited by the TEM cell.
According to the standard, the test frequency requirement of MCU is between 150 kHz and 1
GHz, while the frequency for testing can reach up to 3 GHz.

10
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6.

Test steps

The test steps mainly include the following three points: inspection of the test environment,
inspection of MCU operation, and MCU RE testing. If the testers add other test steps, they
should describe them in the test report.

1. Check the test environment. To evaluate the electromagnetic environment of the test
system, test electromagnetic interference signals in the environment. The specific method is
as follows: Power off the MCU under test, and supply power to other test devices normally,
and then obtain the radiated emissionin the test environment;

2. Check MCU operation by supplying power to the test board and checking whether each
part works normally;

3. Perform MCU RE testing by supplying power to the test board and testing the radiated
emission of MCU through the TEM cell method;

4. Preparethetestreportinaccordance with the IEC61967-1 standard. In addition, it should
contain a description of the test conditions and a reference standard for the MCU radiation
amount. The IEC61967-2 standard recommends acceptable MCU radiated emission. The
recommended value should meet the requirements of both the manufacturerand user of MCU
integrated chips.

1
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7.

Revision history

Table 7-1. Revision history

Revision No.

Description

Date

1.0

Initial release

July 1, 2023
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Important Notice

Thisdocumentisthe property of GigaDevice Semiconductor Inc. and itssubsidiaries (the "Company"). Thisdocument, including any
product of the Company described inthisdocument (the “Product”), isowned by the Company undertheintellectual property laws and
treaties of the People’s Republic of China and other jurisdictions worldwide. The Company reserves all rights under such laws and
treatiesand doesnot grant any license underitspatents, copyrights, trademarks, or otherintellectual property rights. The namesand

brandsof third party referred thereto (if any) are the property of theirrespective ownerand referred to foridentification purposesonly.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product, including, but not
limited to, the implied warrantiesof merchantability and fitnessfor a particular purpose. The Company doesnot assume any liability
arising out of the application oruse of any Product described in thisdocument. Any information provided in thisdocument is provided
only forreference purposes. Itis the responsibility of the user of this documentto properly design, program, and test the fu nctionality
and safety of any application made of this information and any resulting product. Except for customized products which have been
expressly identified in the applicable agreement, the Productsare designed, developed, and/or manufactured for ordinary busi ness
industrial, personal, and/or household applicationsonly. The Productsare not designed, intended, or authorized fo r use ascomponents
in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, atomic energy control
instruments, combustion control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments
life-support devicesor systems, othermedical devicesorsystems (including resuscitation equipment and surgical implants), pollution
control orhazardoussubstances management, orotheruses where the failure of the device or Prod uct could cause personal injury,
death, property orenvironmentaldamage ("Unintended Uses"). Customers shall take any and all actionsto ensure using and sel ling
the Productsin accordance with the applicable laws and regulations. The Company is not liable, in whole or in part, and customers
shall and hereby do release the Company aswell asits suppliersand/ordistributorsfrom any claim,damage, or otherliability arisng
from orrelated to all Unintended Usesof the Products. Customersshall indemnify and holdthe Company aswell asitssuppliersand/or
distributors harmless from and against all claims, costs, damages, and other liabilities, including claims for personal injury or death,

arising from orrelated to any Unintended Uses of the Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes,

corrections, modificationsorimprovementsto thisdocument and Productsand servicesdescribed herein at any time, withoutn otice.

© 2023 GigaDevice — Allrightsreserved
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