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This paper describes the thermal contact resistance and its effect on the performance of thermal 

interface material. An ASTM D 5470 based apparatus is used to measure the thermal interface 

resistance. Bulk thermal conductivity of different interface material is measured and compared 

with manufacturers’ data. Also, the effect of grease void in the contact surface is investigated 

using the same apparatus. The flat type thermal interface tester is proposed and compared with 

conventional one to consider the effect of lateral heat flow. The results show that bulk thermal 

conductivity alone is not the basis to select the interface material because high bulk thermal 

conductivity interface material can have high thermal contact resistance, and that the center 

voiding affects the thermal interface resistance seriously. On the aspect of heat flow direction, 

thermal impedance of the lateral heat flow shows higher than that of the longitudinal heat flow by 

sixteen percent. 

 

Key Words: Thermal Interface Material (접촉열전도재), Thermal Contact Resistance (접촉열저항), Thermal Impedance 

(열임피던스), Bulk Thermal Conductivity (체적열전도율), Apparent Thermal Conductivity (유효열전도율) 

 

 

NOMENCLATURE 

 

TIM : Thermal interface material 

LVDT : Linear variable differential transducer 

RTIM : Thermal resistance of interface material (K/W) 

Rc1,Rc2 : Thermal contact resistance (K/W) 

Rint : Thermal interface resistance (K/W) 

E(Rc) : Error in thermal contact resistance measurement 

(K/W) 

ΔTint :Temperature difference across thermal interface 

material (K) 

E(ΔTint) :Error in temperature difference across thermal 

interface material (K) 

 

Θ : Thermal Impedance (m2 · K/W) 

tTIM : Thermal interface material thickness (m) 

tinitial : Initial reading of LVDT (m) 

tfinal : Final reading of LVDT (m) 

kbulk: Bulk thermal conductivity (W/m�K) 

A : Heat conduction area (m2) 

Q : Heat input (W) 

E(Q) : Heat loss (W) 

x : Distance in heat flux bar (m) 

T : Temperature at any position corresponding to x (oC) 

Thot : Temperature of hot end in heat flux bar (oC) 

Tcold : Temperature of cold end in heat flux bar (oC) 
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1. Introduction 

 

Increasing power density and decreasing physical 

size are the hallmark of modern computer chips which 

has led to increased problems in the thermal management 

of electronic devices. Thermal management is essential to 

maintain such devices within their specifications. 

Thermal interface material (TIM) performs a critical role 

in thermal management of devices. They provide the 

pathway for the transfer of heat from the components to 

heat sinks. Therefore, an integral part of the thermal 

management is the selection of the optimal thermal 

interface material for a specific application.1,2 

Heat generated within a semiconductor must be 

removed to the ambient environment to maintain the 

junction temperature within safe operating limits. This 

heat removal process involves conduction from the 

components package surface to the heat sink that can 

more efficiently transfer heat to the ambient 

environment .This heat sink has to be carefully joined to 

the package to minimize the thermal contact resistance of 

this newly formed joint.3 

All practical surfaces have microscopic irregularities 

such as roughness and frequently macroscopic 

irregularities such as waviness. Therefore heat flow 

through such a joint is constrained to occur partly through 

the actual solid contact spots and partly across the gaps 

between solid spots.4 The irregularity of real surface is 

therefore a primary cause of thermal contact resistance.3 

Thermal contact resistance of confirming contact 

surfaces is affected by a number of parameters: surface 

roughness, presence of interstitial gases or thermal 

interface material, contact micro-hardness and gas 

pressure. For confirming contacting surface, thermal 

contact resistance can be analyzed using the semi-

empirical model developed by Bahrami et al.5 Thermal 

interface material reduces the thermal contact resistance 

by filling voids and grooves created by the non-smooth 

surface topography of the mating surfaces, thus 

improving the surface contact and the conduction of heat 

across the interface.1,6,7 The efficiency of thermal 

interface materials for reducing thermal interface 

resistance depends on a number of factors among which 

thermal conductivity of the materials and its ability to wet 

the mating surfaces appear to be the most significant.1 

ASTM D 5470 provides the guidelines to conduct 

steady state test to measure thermal interface resistance. 

This standard recommends to use contact pressure in the 

range of 3 MPa and surface roughness less than 0.4 μm 

and non-zero flatness.8-11 However, these standards are 

far above that is found in real heat sink and processor 

application. In this paper, the standard specimen provided 

by ASTM D 5470 was investigated without considering 

the effect of surface roughness and the effect of thermal 

contact resistance on the performance of thermal 

interface material also has been presented through 

experiment. In order to reflect the real conditions, the 

contact pressure is applied in the lower range,12 the effect 

of grease void is also investigated, and the flat type 

testing method is proposed and compared with the 

conventional one.13,14 

 

2. Thermal Contact Resistance 

 

The ASTM D-5470 test method is the standard steady 

state test method to measure thermal interface resistance 

and bulk thermal conductivity of TIM. The sample is 

placed in between hot and cold meter bar and steady state 

heat flux is established in the bar. The thermal interface 

resistance captured between hot and cold meter bar is 

given by: 

 

 
int

T
R

Q

Δ
=  (1) 

 

where ΔT is the temperature drop (K) across the 

meter bar and Q is the heat input (W). As shown in Fig. 1, 

the thermal interface resistance is composed of three 

resistances in series and can be expressed as follows: 

 

 
int 1 2TIM C C

R R R R= + +  (2) 

 

where RTIM is thermal resistance of interface material 

and Rc1 & Rc2 are the original thermal contact resistance 

(K/W). Thermal resistance of TIM, RTIM, can be further 

written as:  

 

 
TIM

bulk

t
R

k A
=  (3) 

 

where t and kbulk are the thickness (m) and the bulk 
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thermal conductivity (W/m-K) of thermal interface 

material respectively and A is the area of heat transfer 

(m2). Substituting the value of RTIM in the Eq.(3) and 

combining Rc1 and Rc2 into Rc, we obtain the following 

equation: 

 

 
int c

bulk

t
R R

k A
= +  (4) 

 

It should be noted that bulk thermal conductivity is 

independent of thermal interface resistance and material 

thickness. Eq.(4) represents the equation of straight line 

where inverse of bulk thermal conductivity, kbulk, is the 

slope and Rc is the intercept. By collecting the thermal 

interface resistance over a range of TIM thickness, 

straight line can be drawn. The inverse of the slope of 

straight line provides the bulk thermal conductivity of 

TIM and the intercept provides the thermal contact 

resistance as shown in Fig. 2. 

 

3. Experiment 

 

Using the guidelines given in ASTM D 5470, a test 

apparatus was designed and fabricated. Two cylindrical 

heat flux bar with heat source and heat sink as shown in 

Fig. 3 was used. The two heat flux bars are each 100 mm 

long and 40 mm diameter made of copper. Heat was 

supplied to the base of the lower heat flux bar from two 

parallel cartridge heaters, each 150 W. The test surfaces 

were machined and the measured root mean square 

roughness was 9.84 µm in lower heat flux bar and 4.36 

µm in upper heat flux bar. The flatness was measured to 

be 0.003º in lower heat flux bar and 0.020º in upper heat 

flux bar. The heat is conducted vertically upward through 

the thermal interface material to an upper heat flux bar 

and then removed by water-cooled heat sink. Five RTD 

sensors were inserted into 3.5 mm diameter and 20 mm 

deep holes in the heat flux bar. Thermal interface material 

is inserted in between two bars and pressure is applied 

using loading mechanism. 

Then plotting the temperature against the position of 

temperature sensor provides the linear relation with slope 

equal to dT/dx. The temperature of the joint can be 

determined by extrapolating the temperature gradient to 

the joint surface. The temperature of the joint is given by: 

 

 
0

dT
T T x

dx

⎛ ⎞
= + ⎜ ⎟

⎝ ⎠
 (5) 

 

where T is temperature at any position corresponding 

to x, T0 is temperature at the intercept, dT/dx is slope of 

straight line (K/m) and x is the distance (m). Through the 

 

Fig. 1 Thermal interface material between upper and

lower heat flux bar 

 

 

Fig. 2 Example of thermal contact resistance versus 

thickness for two thermal interface materials 

 

Fig. 3 Schematic of ASTM D 5470 based TIM Tester
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extrapolation procedure for lower and upper heat flux bar, 

the temperature change across the sample, ,
TIM
TΔ  can 

be determined as follows: 

 

            
TIM hot cold
T T TΔ = −  (6) 

 

Heat input can be measured using power meter or can 

be calculated using Fourier law of heat conduction. Then 

thermal interface resistance can be calculated using 

Eq.(1). Now knowing the thermal interface resistance for 

range of TIM thickness, graph as shown in Fig. 2 can be 

plotted. The thickness of TIM can be controlled using 

thin spacers of different thickness. The bond line 

thickness of TIM can be measured using LVDT sensor. 

Initial thickness without TIM is measured at certain value 

of contact pressure and heat flux. Then final reading with 

TIM is taken at the same pressure and heat flux level. The 

difference between the final and initial reading gives the 

bond line thickness of TIM. 

 

 TIM final initialt t t= −  (7) 

 

4. Results and Discussion 

 

4.1 Error analysis 

In order to identify the error level of test apparatus, 

error analysis was done. The relative error in thermal 

contact resistance is given by (8): 

 

    

1/ 2
2 2

int

int

( ) ( ) ( )
c

c

E R E T E Q

R T Q

⎡ ⎤⎛ ⎞ ⎛ ⎞Δ
⎢ ⎥= +⎜ ⎟ ⎜ ⎟

Δ⎢ ⎥⎝ ⎠⎝ ⎠⎣ ⎦

 (8) 

 

where Rc is thermal contact resistance (K/W), E(Rc) 

is error in thermal contact resistance measurement (K/W), 

∆Tint temperature difference across interface material, 

E(∆Tint) is RTD calibration error plus readout resolution 

error plus positional uncertainty, Q is heat input (W) and 

E(Q) is heat loss (W). RTD calibration error as supplied 

by manufacturer is 0.05 °C; readout resolution error is 

0.01 as given in instrument manual; positional 

uncertainty is 0.01mm from the design of apparatus and 

heat loss is 2%. 

Different thermal interface materials were tested on 

the apparatus at different heat flux level and relative error 

was calculated using equation (8). Then the result was 

plotted in the graph as shown in Fig. 4. This figure shows 

that: 

 

1. The measurement error level decreases with 

increasing heat flux for a specified thermal 

conductivity material. 

2. For a given heat flux, the measurement error is higher 

for high thermal conductivity material. 

 

In order to minimize the measurement error, all the 

tests were performed around 10 W/cm2 heat flux. To 

accurately acquire the thermal contact resistance data 

from a variety of interface materials, tests were repeated 

for five times. Altogether ten samples, of which seven 

were thermal grease and three were gap pad, were tested 

to see the effects of thermal contact resistance on their 

performance. 

 

4.2 Thermal Contact Resistance and Bulk 

Thermal Conductivity 

Thermal interface resistance of TIM was measured 

over a range of TIM thickness. The thickness of thermal 

grease was controlled by assembling the test surface with 

rectangular spacer (1 mm ×1 mm). The spacers were 

placed at the three places of test surface. The heat transfer 

through the spacer was assumed negligible as the total 

heat transfer area of all three spacers together was only 

0.23 % of total heat transfer area. The measured thermal 

Fig. 4 Error in thermal contact resistance measurement 

as a function of heat flux for nominal thermal

conductivity 
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interface resistance was plotted against the grease 

thickness and linear relationship was found. Thermal 

contact resistance and bulk thermal conductivity was 

evaluated from the best fit line. 

Fig. 5 shows the effect of grease thickness on the 

performance of different thermal grease. Considering the 

contact area, thermal and contact impedance can be 

obtained from thermal interface and thermal contact 

resistance, respectively. Grease A has low bulk thermal 

conductivity and low contact impedance while grease B 

has high bulk thermal conductivity and high contact 

impedance. It can be seen that at grease thickness smaller 

than z, grease A has smaller thermal impedance as 

compared to grease B. However, grease B has smaller 

total thermal impedance than grease A at thickness larger 

than z. It is considered that this variation is resulted from 

either the wetness or the microscopic irregularity of 

mating surfaces. Therefore, it can be said that TIM should 

be selected not only on the basis of its bulk thermal 

conductivity but also its contact impedance between the 

grease and the mating surfaces. 

Fig. 6 shows thermal impedance, bulk thermal 

conductivity and contact impedance of different TIMs. 

Gap pad- A and grease B have almost same bulk thermal 

conductivity but contact impedance of gap pad A is very 

high making its overall performance poorer than that of 

grease A. 

Table 1 shows the summary of bulk thermal 

conductivity from measured and provided by 

manufacturer and contact resistance of various thermal 

interface materials. All tests were conducted at 0.46 MPa 

and 9.95 × 104 W/m2 heat flux. 

 

4.3 Apparent Thermal Conductivity 

The apparent thermal conductivity was calculated for 

different TIM thickness and plotted in Fig. 7. Bulk 

thermal conductivity was also included in the figure for 

comparison. The figure shows that the value of apparent 

thermal conductivity is smaller than bulk thermal 

conductivity but it is gradually increasing with the 

increase in grease thickness and approaches to the bulk 

thermal conductivity value. The reason is due to the 

effect of higher value of contact resistance at smaller 

Fig. 5 Effect of grease thickness on the thermal 

impedance of TIM 

Fig. 6 Comparison of thermal contact impedance of 

different thermal interface materials 

 

Table 1 Summary of Bulk thermal conductivity and

thermal contact resistance of different thermal 

interface materials 

Types of

Thermal

Interface

materials

Bulk thermal

Conductivity

(measured)

(W/m-K) 

Bulk thermal 

Conductivity 

(catalogue) 

(W/m-K) 

Thermal 

Contact 

Resistance

(measured)

(K/W) 

Grease-A 0.97 1.022 0.0113 

Grease-B 2.98 >3 0.0222 

Grease-C 4.38 >4.5 0.2490 

Grease-D 3.87 4 0.0127 

Grease-E 1.13 1.2 0.0121 

Grease-F 3.91 4 0.0126 

Gap Pad-A 2.96 3 0.0783 

Gap Pad-B 0.97 1 0.2390 

Gap Pad-C 1.46 1.5 0.2491 
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grease thickness. As the grease thickness increases, the 

effect of contact resistance will be less as compared to the 

effect of grease thermal resistance. 

 

4.4 Effect of Contact Pressure on Thermal 

Interface Resistance 

Fig. 8 shows the thermal impedance as a function of 

contact pressure. Thermal impedance decreases in all 

TIMs as pressure increases, and the thermal impedance of 

Gap pad is three to four times larger than that of grease. 

The primary modes are through improved wetting of the 

contact surface and improved particle to particle contact. 

It also helps to remove any air that exists within the bond 

line. Especially gap pad A and gap pad C revealed drastic 

change of thermal impedance in ordinary packaging 

pressure range. This result indicates that the contact 

pressure should be applied at least 1.0 MPa to ensure the 

sufficient heat conduction in case of employing Gap pad. 

 

4.5 Effect of Grease void 

In the real system, there may be existed several voids 

in the contact surface. Experiments were conducted to see 

the effect of grease voiding at the center and periphery of 

test surface on the thermal interface resistance.  

Rectangular voids were created intentionally while 

employing grease at the center and periphery of the test 

surface of apparatus as shown in Fig. 9. A range of void 

area was defined and calculated using the following 

relation: 
 

2

1

    

A
Void area percentage

A
=            (9) 

 

Where  A1: Total test surface area(m2),  

A2: Void area(m2) 
 

The results as shown in Fig. 10 show that for the 

same void area, thermal contact resistance with center 

voiding is much higher than with periphery one. It means 

that center voiding is more serious than periphery voiding. 

Fig. 7 Comparison between apparent and bulk thermal 

conductivity for grease D 

 

Fig. 8 Effect of contact pressure on thermal impedance

 

Fig. 9 Center and periphery void area 

 

Fig. 10 Effect of void area on the thermal impedance
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Fig. 11 Experimental set up for flat type thermal 

interface resistance tester 

 

4.6 Effect of Heat flow direction 

As the ASTM based TIM tester doesn’t reflect the 

realistic user-condition environment, the experiment 

setup for Flat type TIM tester was designed to ensure 

realistic characterization of TIM performance in the 

packaging environment as shown in the Fig. 11.  

Water-cooled heat sink and upper heat flux bar were 

replaced by fan-heat sink unit flat and thin copper plank 

and long rod with flat plate to apply pressure. The 

thickness of copper plate is 5.0mm. A flat and thin copper 

plank with two heat sink placed symmetrically, was used 

to replicate a heat pipe based thermal solution in 

notebook system.  

Using the temperature shown by sensors and their 

positions at lower heat flux bar, a linear graph may be 

plotted and the temperature of hot end can be calculated 

from extrapolation. Similarly, the temperature of cold 

side can be obtained from thermocouple reading. Then 

the thermal interface resistance can be determined 

dividing this temperature difference by heat input. 

Experiments were conducted on Flat type TIM tester at 

0.39MPa pressure with different types of TIMs. 

The results depicted in Fig. 12 show that thermal 

impedance of the lateral heat flow shows higher than that 

of the longitudinal heat flow. This can be considered as 

the effect of a constriction of heat flow. Also, it suggests 

that ASTM based tester gives an optimistic view of TIM 

performance that is hard to achieve in real packaging 

situation. 

 

Fig. 12 Comparison of tests results obtained from bar 

type and flat type TIM tester 

 

5. Conclusion 

 

New method of distinguishing the bulk thermal 

impedance of thermal interface material from the total 

thermal impedance of interface is suggested and the 

effect of thermal contact resistance on the performance of 

thermal interface material was investigated. Based on the 

ASTM D5470, the smaller thickness is, the higher the 

effect of thermal contact resistance becomes. As the 

thickness increases, its effect decreases. The overall 

performance of thermal interface material may decrease 

due to the effect of contact resistance even though 

interface material has high bulk thermal conductivity 

value. The result shows that bulk thermal conductivity 

alone is not the basis to select thermal interface material 

because the contact resistance is different for different 

thermal interface materials. In addition, center voiding 

affects the thermal interface resistance significantly. By 

employing the flat type thermal test apparatus, thermal 

contact resistance of the lateral heat flow shows higher 

than that of the longitudinal heat flow by sixteen percent.  
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