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Compressible Metal TIM - Principles
• Pattern applied to metal shim to 

form array of compressible columns
• Metal TIMs possess high thermal 

conductivity
– Pure indium: 86 W/mK

• Multiple patterns available 
– Application-specific

• Various thicknesses possible
– Defined pre-patterning

~250µm peaks

~150µm peaks

~100µm peaks,  
Al-Clad

~75µm peaks
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Compressible Metal TIM - Principles

• Under pressure, metal 
plastically deforms to the 
interfaces 
– Inelastic deformation through creep
– Thermal resistance decreases with 

increasing pressure
– Thermal resistance decreases over 

time



The Principle of ASTM D5470
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• Test heads have known 
geometry and physical properties
– Planar and parallel surfaces

• Temperature gradient and heat 
flow are measured

• Effective thermal resistance 
(Rtheff) is calculated as output

• Pressure, bond line thickness 
(BLT), and temperature are 
controlled and/or measured



The Principle of ASTM D5470
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• (Rtheff) is the sum of bulk 
TIM thermal resistance 
(Rthbulk) and all interfacial 
thermal resistances (Rth0) 

• Rthbulk is a function of TIM 
bulk thermal conductivity 
(λbulk), bond line thickness 
(BLT), and area  

Theoretical Ideal TIM: 
• High (λbulk)
• Low BLT
• Allows for low (Rth0)



TIM Bulk Thermal Resistance Comparison 
𝑅𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 =

𝐵𝐵𝐵𝐵𝐵𝐵
𝜆𝜆𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 × 𝐴𝐴 

Assume:
𝐴𝐴 = 50𝑚𝑚𝑚𝑚 × 60𝑚𝑚𝑚𝑚
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TIM Bulk Thermal Resistance Comparison 
𝑅𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 =

𝐵𝐵𝐵𝐵𝐵𝐵
𝜆𝜆𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 × 𝐴𝐴 

Assume:
𝐴𝐴 = 50𝑚𝑚𝑚𝑚 × 60𝑚𝑚𝑚𝑚

Ex. Rth Comparison:
PCM (8.5 W/mK) 

50 µm BLT
> 

Indium (86 W/mK)
500 µm BLT
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TIM Interfacial Resistance
• Rth0: resistance resulting from 

imperfections in contact at each 
surface
– Surface roughness and asperities

• TIMs fluid in operation: ✓
• Solder TIMs: ✓ ✓
• Compressible TIMs: material-

dependent 
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TIM Interfacial Resistance
• Indium metal: low 

flow stress
• Conforms to 

surfaces over time 
under pressure

• Patterning: 
– Focuses pressure 

on peaks
– Accommodates 

surface non-
coplanarity

The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal 
Interface Materials 9



Experiment – Test Parameters
• Material

– 99.99% Indium

• Pattern
– High peak, one-sided 

“X”
• 0.012” thick
• 0.020” thick

– Low peak, two-sided 
“D” 

• 0.004” thick
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• Pressure
– 20 PSI  – 30 PSI
– 40 PSI  – 50 PSI

• Time
– Up to 72 hours
– Readings every 0.5 – 5 

minutes

• Sample temperature
– 85°C

Pattern “X”
~250µm peaks

Pattern “D”
~75µm peaks



Experiment – Method
• Initialize equipment

– Install and align test heads
– Activate heat and tare BLT

• Install sample, apply designated 
pressure

• Take Rtheff and BLT 
measurements over 72 hours
– Manual measurements prior to thermal 

stabilization
– Automatic readings until completion
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Rtheff – Effect of Time
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Rtheff – Effect of Time
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Rtheff – Effect of Pressure
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Rtheff – Effect of Pressure
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Rtheff – Effect of Thickness
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Rtheff – Effect of Pattern
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Rtheff – Effect of Pattern
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Rtheff – Combined Data

The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal 
Interface Materials 19



Conclusions – ASTM D5470 Data
• Time – substantial effect on Rtheff through initial 24-48 hours 

– Decreasing interfacial resistance near time of installation
• Pressure – significant impact on Rtheff 

– Lower interfacial resistance
• Thickness – low-moderate effect on Rtheff 

– Marginalized by high thermal conductivity
• Pattern – moderate effect on Rtheff near time of installation

– Impact on long-term Rtheff: application-dependent 
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Compressible Metal TIM Considerations
• Maximum pressure
• Distribution of pressure

– Non-coplanarity
– Pattern selection 

• Mechanism of pressure
– Torque loss prevention 

hardware
– Installation best practices

• Washer orientation
• Torqueing process
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Compression Analysis
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99.99% Indium Pattern “X” peak height measurement

Before Compression 72 hours @ 40PSI, 85℃ 



Compression Analysis
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Future Work
• Correlation of ASTM D5470 data with power cycling TTV performance
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