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Foreword

This document is drafted in accordance with the rules specified in GB/T 1.1—2020 Guidelines for
Standardization—Part 1: Structure and Drafting Rules for Standardized Documents.

Attention is drawn to the possibility that some elements of this document may involve patents. The issuing
organization of this document does not assume the responsibility for identifying these patents.

This document is proposed by Hubei Saigerui New Energy Technology Co., Ltd.

This document is under the jurisdiction of the China United Nations Procurement Promotion Association.

The drafting units of this document: Hubei Saigerui New Energy Technology Co., Ltd., Henan Hongchang
Electronics Co., Ltd., Xianghe Oriental Electronics Co., Ltd., Zhejiang Wangu Semiconductor Co., Ltd., Wuhan

University of Science and Technology.

The main drafters of this document: Hu Xiaoming, Yao Wenhao, Fan Xi‘an, Chen Jianmin, Chen Lei, Chen
Shushan, Kan Zongxiang, Fu Guoging, Zhan Rongquan, Hu Hao, Zhu Anpin.
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Introduction

To assist Chinese enterprises in participating in international trade and promote their high—quality development,
the China United Nations Procurement Promotion Association, relying on the United Nations procurement
system, formulates a series of standards serving international trade. These standards play an increasingly
important role in the process of international trade, which is of great significance for improving trade efficiency,
reducing transaction costs and uncertainties, ensuring product quality and safety, and enhancing consumer
confidence.

The United Nations Standard Products and Services Code (UNSPSC) is a standard formulated by the United
Nations for efficiently and accurately classifying products and services. It plays a vital role in global international
procurement, providing a common language and platform for purchasers and suppliers, and promoting the
efficient and orderly development of global trade.

Formulating group standards for related products, technologies, and services around UNSPSC is of great
importance for helping enterprises integrate into international procurement and enhancing their international
competitiveness.

The UNSPSC code adopted in this document is composed of 6 digits, corresponding to the original classification
of major categories, middle categories, and subcategories, divided by decimal points.

The UNSPSC code of this document is *32.11.17", composed of 3 segments. Among them: the first segment
is the major category, 32" represents "Electronic Components and Supplies™; the second segment is the middle
category, "11" represents "Discrete Semiconductor Devices"; the third segment is the minor category, "17"
represents "'Semiconductor Devices".

Iv
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Test Methods for Thermoelectric Cooling (TEC)
Semiconductor Devices

1 Scope
This document describes the test methods for wire tension, high-temperature storage, constant temperature and
humidity, electrothermal cooling and heating alternation, pressure resistance, mechanical vibration, shear

resistance, service life, waterproofing, and switch cycle of thermoelectric cooling (TEC) semiconductor devices.

This document is applicable to the reliability testing of thermoelectric cooling (TEC) semiconductor devices
(hereinafter referred to as "devices").

2 Normative references

The contents of the following documents constitute the indispensable clauses of this document through the
normative reference in the text. For the dated references, only the versions corresponding to the dates apply to
this document; for the undated references, their latest versions (including all amendments) apply to this

document.

GB/T 2423.2 Environmental Testing for Electrical and Electronic Products—Part 2: Test Methods—Test B:
High-Temperature Test Method

GB/T 2423.3 Environmental Testing—Part 2: Test Methods—Test Cab: Constant Temperature and Humidity
Test

GB/T 2423.6 Environmental Testing for Electrical and Electronic Products—Part 2: Test Methods—Test Eb
and Guidelines: Impact

SJ 2855 Nomenclature, Model Naming, and Performance Testing Methods for Thermoelectric Cooling
T/UNP 734—2025 Test Methods for Thermoelectric Generation (TEG) Semiconductor Devices

3 Terms and definitions

The terms and definitions defined in SJ 2855 apply to this document.

4 Wire Tension Test

4.1 Test Equipment and Instruments

The test equipment and instruments are as follows:
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a) Fixed base;
b) Tensile tester with a test accuracy of 0.1 N or above.

4,2 Test Environment

The test environment shall be clean, free of corrosive gases, strong magnetic fields, and electromagnetic wave
interference. The ambient temperature is 15 <T~35 <C, the relative humidity is 20%~80%, and the air pressure
is 86 kPa~106 kPa.

4.3 Sample Preparation

The sample size and shape shall meet the product design requirements, and common complete devices shall be
selected. Common sample sizes are squares with side lengths of about 1 ¢cm, 2 cm, or 4 cm. The number of
samples is 5.

4,4 Test Procedures

4.4.1 Fixthe device vertically, apply a static load of 19.6 N along the axial direction on each lead (see Figure
1) for9s~11s.

/

Legend:

1—Tension direction;

2—Lead wire;

3—Lead wire solder joint;

4—Device.

Figurel Axial Tension Test Schematic Diagram

4.4.2 Fix the device horizontally with the hot surface facing down, apply a static load of 4.9 N along the
gravity direction at the end of the lead (see Figure 2) for 9 s~11s.
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Legend:

1—Tension direction;
2—Lead wire;

3—Lead wire solder joint;

4— Device.

Figure2 Vertical Tension Schematic Diagram

4.5 Result Evaluation

After the test, check the appearance of the leads. If the leads are not broken or mechanically damaged, it is
considered that the wire tension meets the 19.6 N horizontal tension and 4.9 N vertical tension, and the judgment
is qualified.

5 High-Temperature Storage Test

5.1 Test Equipment and Instruments

The test equipment and instruments are as follows:

a) Constant temperature oven: temperature uniformity within 3 <C;
b) LCR digital bridge: test frequency >1000 Hz, accuracy 0.001 Q or above.

5.2 Test Environment

5.2.1 Environmental conditions: temperature 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~
106 kPa.

5.2.2 The temperature of the oven wall shall not exceed 3% of the specified test temperature (measured by a
Kelvin thermometer).

5.2.3 The temperature in any area where the sample is placed in the oven shall be maintained at +1% of the
specified air temperature (measured by a Kelvin thermometer).
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5.2.4 The absolute humidity of the air in the oven shall not exceed 20 g/m3water vapor.
5.2.5 The volume and air velocity of the oven shall meet that after placing the test sample, the time for the
air temperature in the oven to return to the specified range shall not exceed 10% of the test exposure time.

5.3 Sample Preparation

Prepare according to 4.3.

5.4 Test Procedures

5.4.1 Carry out the test in accordance with GB/T 2423.2. Place the non-operating device in an environment
of 60 °C ~ 150 °C for 100 h ~ 2000 h. The test time and test temperature shall be confirmed according to the
detailed specification or the purchaser's requirements.

5.4.2 After 500 h of the test, every 100 h, restore the sample according to the requirements of 5.2.1. After the
sample is restored, test the room temperature internal resistance, and calculate the room temperature internal
resistance change rate of the device according to the method in 8.1.1 of T/UNP 734—2025. The room
temperature internal resistance change rate shall not be greater than 5%, otherwise the device is judged to have
failed, and the test ends.

5.4.3 After the test, place the test sample in the environment specified in 5.2.1 for 4 h.

5.5 Result Evaluation

After the test, the device structure shall be complete and firm, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate shall not be greater than 5%.

6 Constant Temperature and Humidity Test

6.1 Test Equipment and Instruments

The test equipment and instruments are as follows:

a) Constant temperature and humidity chamber;
b) Temperature and humidity collector;
c) LCR digital bridge: test frequency >1000 Hz, accuracy 0.001 Q or above.

6.2 Test Environment

6.2.1 Temperature is constant 85 <C (3 <T error range).
6. 2.2 Humidity is constant 85% relative humidity, with an error of +3%.
6.2.3 The duration is 168 h or set as required by the purchaser.

6.3 Sample Preparation

6.3.1 The sample shall be in an operating state or a non-operating state (confirmed according to the
purchaser's requirements).

6.3.2 When placing, the blocking of the air flow shall be reduced to ensure uniform distribution of
temperature and humidity.

6.3.3 Prepare according to 4.3.

4
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6.4 Test Procedures

6.4.1 Carry out the test in accordance with GB/T 2423.3. Place the device with the working voltage connected
in an environment with a temperature of 82 °C ~ 88 °C and a humidity of 82% ~ 88% for 168 h ~ 1500 h. The
test time shall be confirmed according to the detailed specification or the purchaser's requirements.

6. 4.2 After 100 h of the test, every 100 h, restore the sample according to the requirements of 6.2.1 and 6.2.2.
After the sample is restored, test the room temperature internal resistance, and calculate the room temperature
internal resistance change rate of the device according to the method in 8.1.1 of T/UNP 734—2025. It is required
that the room temperature internal resistance change rate is not greater than 5%, otherwise the device is judged
to have failed, and the test ends.

6.4.3 After the test, place the test sample in an environment with a temperature of 23 °C ~ 27 °C, humidity
of 40% ~ 60%, and air pressure of 86 kPa ~ 106 kPa for 4 h.

6.5 Result Evaluation

After the test, the device structure shall be complete and firm, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate shall not be greater than 5%.

7 Electrothermal Cooling and Heating Alternation Test

7.1 Test Equipment and Instruments

The test equipment and instruments are as follows:

a) Test bench;
b) Temperature measuring thermocouple;
c) Programmable DC power supply.

7.2 Test Environment

7.2.1 Environmental conditions: temperature 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~
106 kPa.

7.2.2 According to the purchaser's requirements, the cold end temperature cycles between the minimum and
maximum temperatures, and the range is preferably 10 °C ~90 °C.

7.2.3 The temperature change rate is 5 °C/min ~ 15 °C/min.

7.2.4 Number of cycles: according to the purchaser's requirements. Common numbers of cycles are 500 times,
1000 times, and 5000 times, and the specific number of cycles depends on the application scenario.

7.3 Sample Preparation

Prepare according to 4.3.

7.4 Test Procedures

Install the device on a special test bench with a fixture (see Figure 3). Power on the device to make the cold end
temperature reach 90 <C, and reverse power on to make the cold end reach 10 < as a cycle period. The
temperature rise and fall rate is greater than 4 °C/s, and the number of cycles is 300,000 ~ 1,000,000 times. The

number of cycles shall be confirmed according to the detailed specification or the purchaser's requirements.
5
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)]
b W N =

Legend:

1—Spring pressure rod,;

2—Temperature measuring thermocouple;

3—Device;

4—Thermal grease;

5—Radiator.

Figure3 Electrothermal Cooling and Heating Alternation Test Platform

7.5 Result Evaluation

After the test, the device structure shall be complete and firm, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate shall not be greater than 5%.

8 Pressure Resistance Test

8.1 Test Equipment and Instruments

The test equipment and instruments are as follows:

a) Static pressure testing machine;
b) LCR digital bridge: test frequency >1000 Hz, accuracy 0.001 Q or above.

8.2 Test Environment

8.2.1 Environmental conditions: temperature 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~
106 kPa.

8.2.2 The pressure is 5 kgf/cm=2uniform vertical pressure, and local loading shall be reduced.

8.2.3 The flatness of the fixture contact surface shall not be greater than 0.01 mm, and the parallelism
deviation of the upper and lower fixtures shall not be greater than 0.01 mm.

8.2.4 Thedurationis5s ~ 3600 s, simulating the short-term and actual installed stress conditions respectively.

6
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8.3 Sample Preparation

Prepare according to 4.3.

8.4 Test Procedures

8.4.1 Fix the device on the static pressure testing machine platform, and use the fixture to apply uniform
vertical pressure to the device, with a pressure value of 5 kgf/cm=2The flatness of the fixture contact surface
shall not be greater than 0.01 mm, and the parallelism deviation of the upper and lower fixtures shall not be
greater than 0.01 mm.

8.4.2 After applying the pressure for 5 s ~ 7 s, turn off the pressure testing platform, remove the product, and
visually inspect it. All device structures shall be complete and firm. If structural deformation and collapse occur,
it is judged as failure, and the test ends.

8.4.3 Fix the product removed in 8.4.2 on the static pressure testing platform again according to the
requirements of 8.2, apply pressure again for 1 h, remove the product, and visually inspect it.

8.5 Result Evaluation

After the test, the device structure shall be complete and firm, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate shall not be greater than 5%.

9 Mechanical Vibration Test

9.1 Test Equipment and Instruments

The test equipment and instruments are as follows:

a) Mechanical vibration test bench: frequency range 5 Hz ~ 2000 Hz, common range 10 Hz ~ 500 Hz or
according to the purchaser's requirements, acceleration 5 g ~ 20 g or according to the purchaser's
requirements;

b) LCR digital bridge: test frequency >1000 Hz, accuracy 0.001 Q or above.

9.2 Test Environment

9.2.1 Environmental conditions: temperature 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~
106 kPa.

9.2.2 Vibration parameters: frequency range 5 Hz ~ 2000 Hz, common range 10 Hz ~ 500 Hz or according
to the purchaser's requirements, acceleration 5 g ~ 20 g or according to the purchaser's requirements.

9.2.3 Testdirection: axial X, Y, Z orthogonal directions are tested in sequence.

9.2.4 Testtime: 5~ 10 cycles for each axis.

9.3 Sample Preparation

The sample size and shape meet the product design requirements, and representative complete devices are
selected. Common sample sizes are squares with side lengths of about 1 cm, 2 cm, or 4 cm, and the sample size
is required to meet the sample preparation requirements of the test equipment. The number of samples is 5 ~ 10.
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9.4 Test Procedures

9.4.1 Carry out the test in accordance with the method specified in GB/T 2423.6.
9.4.2 Before the test, measure the internal resistance and maximum cooling temperature difference of the
device, and fix the device on the test bench with a fixture.

9.4.3 In the non-operating state, each of the three mutually perpendicular axial directions of the device is
continuously impacted 5 ~ 10 times, with an impact acceleration of 5 g ~ 20 g. The number of impacts and the

impact acceleration are confirmed according to the purchaser's requirements.
9.5 Result Evaluation

After the test, the device structure shall be complete and firm, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate before and after the test shall not be greater than
5%.

10 Shear Resistance Test

10.1 Test Instruments and Equipment

Multi-function push-pull tester, which can apply a uniform horizontal thrust of 0 N ~ 20000 N or above.

10.2 Test Environment

10.2.1  Environmental conditions: temperature 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~
106 kPa.

10. 2.2 Shear rate: usually 0.5 mm/min ~ 5 mm/min.

10. 2.3 Loading direction: parallel to the plane of the TEC ceramic substrate, apply shear force until failure.

10.3 Sample Preparation

Prepare according to 4.3.

10.4 Test Procedures

10. 4.1 Fix the standard TEC sample in the shear testing machine fixture (see Figure 4), ensure that the shear
force direction is parallel to the ceramic substrate interface, and set the test temperature (normal temperature or
according to the purchaser's requirements) and shear rate.

10. 4.2 Gradually apply the shear load until the sample fails and breaks, and the fracture surface is at the
completely grained material.

10. 4.3 Record the shear force, displacement, and temperature data.
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Figure4 Shear Resistance Test Schematic Diagram

10.5 Result Evaluation

10.5.1 Number of samples: at least 20 samples.

10. 5.2 Calculate the shear strength according to formula (1).
T = E ................................................................................. (1)

Where:

T——Shear strength, unit is megapascal (MPa);

F——Shear force, unit is newton (N);

S—Total cross-sectional area of particles, unit is square millimeter (mm=%.

10.5.3 Typical values are as follows:

a) Conventional chips: shear strength >5 MPa or according to the purchaser's requirements;

b) High-reliability scenarios (such as automotive electronics): shear strength >10 MPa or according to the
purchaser's requirements.

10. 5.4 The failure shear strength is greater than the typical value.

11 Service Life Test

11.1  Test Equipment and Instruments

The test equipment and instruments are as follows:
a) Adjustable temperature platform;

b) DC power supply.

11.2 Test Environment

11.2.1 Environmental conditions: temperature 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~
106 kPa.
11.2.2 Test current: adjust the working voltage to make the TEC work with the maximum temperature

9
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difference current.

11.2.3 Test temperature: adjust the temperature control platform to make the TEC hot surface at a constant
temperature (85 °C ~ 150 °C).

11.3 Sample Preparation

Prepare according to 4.3.

11.4 Test Procedures

11.4.1 Install the TEC hot surface on the adjustable temperature platform, set the platform temperature to be
constant, leave the cold surface unloaded, connect to the DC power supply, and adjust the voltage to make the
TEC work with the maximum temperature difference current. Under this condition, work continuously for more
than 1000 h. The platform temperature and working time are confirmed according to relevant industry
regulations or the purchaser's requirements.

11.4.2 After 500 h of the test, every 100 h, place the sample in the environment specified in 11.2.1 for sample
restoration.

11.4.3 After the sample is restored, test the room temperature internal resistance, and calculate the room
temperature internal resistance change rate of the device according to the method in 8.1.1 of T/UNP 734—2025.
Note: The room temperature internal resistance change rate is not greater than 5%, otherwise the device is judged to have failed,
and the test ends.

11.4.4 After the test, place the test sample in the environment specified in 11.2.1 for 4 h.

11.5 Result Evaluation

After the test, the device structure shall be complete and firm, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate shall not be greater than 5%.

12 Waterproof Test

12.1 Test Equipment and Instruments

The test equipment and instruments are as follows:

a) Rotating platform;
b) Flow meter;
c) Spraying device.

12.2 Test Conditions

12.2.1 Environmental conditions: 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~ 106 kPa.
12.2.2 The water flow is calculated as 0.07 L/min per hole according to the number of spray holes of the
pendulum tube, and the total flow is confirmed according to different waterproof grades or the purchaser's
requirements.

12.2.3 Spraying time: spray at the position shown in Figure 5 for 5 min or according to the time confirmed
by the purchaser, then rotate the product 90<around the Z axis, and spray again for 5 min or according to the
time confirmed by the purchaser.

10
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Legend:

1—Rotating platform;
2—Device under test;
3—Spray hole;

4—Flow meter.

Figureb Waterproof Test Schematic Diagram

12.3 Sample Preparation

Prepare according to 4.3.

12.4 Test Procedures

12.4.1 Select a pendulum tube with a radius of 200 mm ~ 150 mm so that the height of the sample table is at
the diameter position of the pendulum tube.

12.4.2 Place the sample on the table so that the distance from its top to the sample spray port is not more than
200 mm, and the sample table does not rotate.

12.4.3 Open the spray valve to spray the device surface for several minutes, then rotate the device 90< and
spray again.

12.5 Result Evaluation

Remove the product, dry the surface moisture, observe that the sealant does not fall off, peel off the sealant,
there is no water seepage trace on the internal circuit board, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate before and after the test shall not be greater than
5%.

13 Switch Cycle Test

11



T/UNP 733—2025

13.1 Test Instruments and Equipment

The test equipment and instruments are as follows:
a) Test bench;

b) Programmable DC power supply.

13.2 Test Environment

13.2.1  Environmental conditions: temperature 23 °C ~ 27 °C, humidity 40% ~ 60%, air pressure 86 kPa ~
106 kPa.

13.2.2 The energized current shall be set to 80% of the maximum rated current of the device.

13.2.3 The number of cycles is 500 times, 1000 times, 5000 times, or according to the purchaser's
requirements, confirmed according to the application scenario.

13.3 Sample Preparation

Prepare according to 4.3.

13.4 Test Procedures

13. 4.1 Install the device on a special test bench with a fixture (as shown in Figure 3), apply a current of 80%
of the maximum rated current to the device, make the device work continuously for 1.5 min, then power off for
4.5 min as a cycle, for a total of 500 ~ 5000 cycles or confirm according to the purchaser's requirements.

13. 4.2 After the test, place the test sample in the environment specified in 13.2.1 for 4 h.
13.5 Result Evaluation

After the test, the device structure shall be complete and firm, and the absolute value of the maximum cooling
temperature difference and the internal resistance change rate shall not be greater than 5%.

12
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