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Market Trend
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Edge Data Center

5G
Smart City

Automotive

Smart Factory

Generative AI

New and evolving markets are driving 
demand for high-performance ICs.



Market Trend
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To meet these demands, the technology 
roadmap for semiconductor 
manufacturing processes is approaching 
mass production at the 2nm node.



Requirements for Wafer Test

High-performance ICs require more 
complex testing, which increases the load 
on devices, leading to higher current 
consumption and heat generation.

In wafer testing, ensuring reliability 
requires addressing current capability 
and heat resistance. 
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The effects of heat

In high-temperature testing, probes are heated by 
several sources:

- Joule heating by current in probes
- Heat conduction from device to probes
- Heat convection and radiation from wafer to probes

Heat generation of ProbeMethod of probe temp measurement

Post

Probe

ST

Heater Current
(Input)

Current
(Output)

Probe 
damage
due to 
heat

Burnt
Probes Burnt

Probes

Heat generation of devices
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Creep (deformation) 
During high-temperature testing, creep begins to occur in the probe material and solder. 
This makes it difficult to maintain reliability during long-term high temperature probing.

In high-temperature environments, the probe will creep 
and gradually deform due to prolonged stress, which 
can reduce contact stability.

Similarly, solder also begins to creep. This can lead to 
deterioration of solder joints, resulting in probe position 
shifts and electrical failures.

Creep
Creep

Probe creeping Solder creeping



Creep
Condition

Non contact Apply OD

Expected Issues due to creeping
Prolonged use in high-temperature environments leads to creep in the probes. 

If the creep are significant, it may cause issues contacting with wafer or poor probe positional accuracy.
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Initial
Condition

Non contact Apply OD

Crush
Misalignment
Hit to pad edge
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New Probe Material Development
The production of probes resistant to creep deformation requires a “Low-stress shape design” and the “Selection of 
materials resistant to creep deformation”. 
When selecting materials, in addition to creep properties, it is also necessary to consider the behavior of the “Young's 
modulus” and “Fatigue strength” at high temperatures.

Requirements for probes resistant to creep deformation

Design of shapes 
with low stress

Selection of materials 
resistant to creep deformation

⚫ Young's modulus

⚫ Fatigue strength

⚫ Creep characteristics

Key Points in Material Selection

Behavior at high 
temperatures should 
also be confirmed.



A B C
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New Probe Material Development

Young's modulus

Material

Two new materials were considered as candidates, and their Young's modulus and fatigue strength were evaluated. 
Significant improvements over the current materials have been confirmed. 

A B C

Fatigue strength

Material

A Material B Material CB C

6%up
14%up

55%up

57%up

Material A(Current)



Evaluation method

Creep rate = Amount of deformation / Load (OD)
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The creep rate is calculated from the expected overdrive during operation and the corresponding creep amount. 
Improvements in the creep rate have also been observed with the new materials.
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Young‘s modulus and Fatigue strength were both stable over the full temperature range.

Conclusion: Material C is an excellent probe material for high-temperature applications.

Material C stability
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New Solder Material Development

Solder materials are widely known to 
creep, even in room temperature. 
Therefore, it is necessary to select 
materials considering

• High melting points
• Creep characteristics 

However, if the melting point is too high, 
it can negatively affect bonding by 
damaging the base material. It is crucial 
to choose solder with a high melting 
point while considering the bonding 
range of the probe.Element A

Element C
Element B
Element D

Weight Percent (%)

Te
m

p(
C)

Eutectic point
Eutectic point

New Solder (Element C + D)

Common lead-free solder (Element A + B)

Phase Diagram
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New Solder Material Development

Solidus temperature

Material

Material A

Three new materials were evaluated for melting and softening points as well as mechanical robustness. 

A Material B Material CB C

Softening temperature

Material

Tensile strength

Material

5%down 5%down

Over 200%up

25%up 25%up Over 1000%up
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Benefits of new solder material C

ST

Probe

Bonding Tool

Reduced creep + higher tensile and shear strengths
 => Better probe stability at high temperatures  

Avg.35%UP
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New Solder Material Development

Burnt

High melting-point solder 
requires a high amount of heat 
during bonding. Therefore, 
damage to the base material is a
critical issue.

By optimizing conditions such as 
• Laser output
• Irradiation time
• Laser area

Robust bonding is achieved.

Optimization

No Damage



Strain
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Current Alloy

We have designed the probes using new materials for probes and solder. 
The new probe material has a higher allowable stress and has improved the flexibility in shape design. 
The new solder material reduce changes in strain due to temperature variations which helps to control creep.
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New Probe Design

Tip Size 4um x 10um

Probe Force 0.7～0.8gf/mil

Scrub < 8um

CCC > 1A

Min Pitch 60um

MAX OD 120um

Stress @100um < 25%

Temp.

High

Low

High

Low

Strain
St

re
ss

New Alloy

New material + 
Design optimization
design
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New Probe Design
It is possible to improve the stress on the probe and heat 
generation efficiency by optimizing the probe shape.
Analysis results also confirm improvements over 
conventional products.

Stress

A B
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Probe for high temperature
To control creep, it is not important to select only materials with good properties. 
It is also necessary to improve in structure and design to reduce stress during contact to ensure long-term reliability.

Alloy

Lamination

or

Material/Structure

Single material

Material High Temp Probe

⚫ Strength at high 
temperature
(fatigue/creep)

⚫ Low stress shape
⚫ Withstand current 

performance
Optimize Stress

HighLow

Design
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Card-Level Evaluation 
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Contact Resistance Result

OD vs CRes TD vs CRes @OD100um OD vs Scrub Length
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The new probes remain stable even in a 175C 
environment. 
Contact stability is maintained from OD 20um, and 
consistent contact performance is achieved even with 
continuous contact. 
The needle marks are well-defined, and contact 
performance is also satisfactory.

[Condition]
Temp : 175C
Contact : 5sec
Input : 10mA Current

(OUTPUT)

Test image

Al wafer

Probe CardTester

Prober

Probe

Current
(INPUT)
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CCC Evaluation Result
Current is continuously increased by 100mA every minute to verify the current-carrying capacity. 
Due to material changes and stress-reducing design improvements, the high-temperature probes have shown a twofold 
improvement in CCC.
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Z displacementPitch displacementScrub displacement

Endurance test TD 1M & Creep Evaluation Result
*Description of displacement direction
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Endurance test TD 1M

Z displacementPitch displacementScrub displacement
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This shows the contact endurance test result over 1 million. 
The probes developed for high-temperature is well-controlled deformation against existing specifications.

Current
Probe 

High Temp
Probe
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Creep Evaluation Result
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• Current probe has uncontrollable creep.
• High-temperature probe shows significant improvements.

Z displacementPitch displacementScrub displacement

Current
Probe 

High Temp
Probe
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Production Result (Reference Data)

Before Optimization

Wafer : 38,000

Probe positions measured after many TDs at > 100C 

Probes not optimized for high temperatures shows significant probe position variations. In contrast, probes optimized for 
high temperatures are able to control probe position effectively.

After Optimization Test Temp: >100C

Wafer : 39,000

ΔX (um) ΔY (um)
3σ 16.3 22.9 

Median 0.2 0.4 

ΔX (um) ΔY ((um)
3σ 6.0 10.1

Median 0.0 0.2



Conclusion

⚫ Testing high-performance ICs requires careful consideration of thermal effects. 
⚫ Probe cards must withstand higher temperatures. 
⚫ New probe and solder materials are  required to increase CCC, minimize creep, and allow more 

flexible probe designs.

⚫ Creep is well-controlled by using new probe materials and a low-stress design.
⚫ New solder material reduces the probe movement.
⚫ Reliability tests suggest that the new probes are suitable for 175C testing.

⚫ Produce engineering samples and proceed to mass production testing in collaboration with customers.

Requirements for Probe Cards

New probe and solder materials successfully developed

Next Step
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Questions
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Please visits our booth (403) for discussion in detail

Thank you!

https://www.jem-net.co.jp/

Acknowledgment
Tomoyuki Takeda / Naoki Arita / Kenji Uchihara / Reisa Nagamatsu

29


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6: The effects of heat
	Slide 7: Creep (deformation) 
	Slide 8: Expected Issues due to creeping
	Slide 9: New Probe Material Development
	Slide 10: New Probe Material Development
	Slide 11
	Slide 12: Material C stability
	Slide 13
	Slide 14: New Solder Material Development
	Slide 15: Benefits of new solder material C
	Slide 16: New Solder Material Development
	Slide 17: New Probe Design
	Slide 18: New Probe Design
	Slide 19: Probe for high temperature
	Slide 20: Card-Level Evaluation 
	Slide 21: Contact Resistance Result
	Slide 22: CCC Evaluation Result
	Slide 23
	Slide 24: Endurance test TD 1M
	Slide 25: Creep Evaluation Result
	Slide 26: Production Result (Reference Data)
	Slide 27
	Slide 28
	Slide 29

