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The impact of various applied temperatures, pressures, and driving currents on the screen-

printed dielectric thick film is discussed in this paper. The screen-printed dielectric thick 

film is treated as thermal interface material (TIM) that draws heat out from the heat source. 

The experimental setup has been modified based on the conventional ASTM 5470 

standard where the thermal transient response of the dielectric layer is investigated. Bare 

and screen-printed substrates are heated up by MOSFET (heat source) at two different 

driving currents (0.5A and 1A). The dependency of either temperature (25°C to 55°C) or 

pressure (1 bar to 4 bar) measurement towards the thermal resistance of the dielectric thick 

film is measured by Thermal Transient Tester (T3ster). The total thermal resistance of 

both bare and screen-printed substrates are found to decrease with the increasing of 

pressure at constant temperature for all driven currents. This signifies that the thermal 

resistance of the dielectric layer is more dependenton pressure. In addition, the pressure 

applied to the dielectric layer serves to facilitate the longitudinal heat flow to the substrate. 

Variations in temperature has a less significant effect on the performance of dielectric 

layer compared to the variation in pressure. 
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1. Introduction 
 

WITH the rapid development and miniaturization of semiconductor devices, especially in light 

emitting diode (LED), the amount of accumulated heat has tremendously increased. A thermal 

solution for this problem has recourse to a higher thermal conductivity of thermal interface 

material (TIM) that can be extensively used in many microelectronics industries. In semiconductor 

package, the uneven surface of Metal-Core Printed Circuit Board (MCPCB) and heat sink creates a 

small gap when it made contact each other. This small gap has further contribution in the increase 

of thermal resistivity of the whole device’s package. Thus, TIM has been used to fill up the gap so 

that the incomplete contact of the two surfaces can be reduced and improved thermal dissipation 

[1-4]. However, low thermal conductivity and thickness variation of pad type TIM in the existing 

market cannot solve the above said problem. To produce higher thermal conductivity material with 

low manufacturing cost, glassy type dielectric paste is synthesized and printed on the substrate by 

using screen printing method as shown in Fig. 1. The schematic diagram of the optoelectronics 

device shows the dielectric layer (yellow), which acts as thermal interface material (TIM) layer in 

the package. The LED package is attached on the circuit (red) layer via solder reflow process. A 

silver thick pad (dark blue) is printed under the LED package for creating a direct thermal path to 

the substrate (blue).Wang Feng et al. [5] used this printing method to study the dielectric 

properties of the (Ba0.85 Ca0.15) (Zr0.1 Ti0.9)O3 (BCZT) thick film. He concluded that the produced 

thick film showed outstanding performance especially in micro actuator application. Furthermore, 

Xiao-Fei et al. [6] prepared the screen-printed thick film from superfine BaxSr1-xTiO3 powder. 
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They investigated and compared the dielectric properties of their sample with dense ceramic 

specimen. They were also concluded that the porosity of the sample significantly affected the 

microstructure which was related directly to the dielectric properties itself. Similar studies were 

carried out by many institutes to investigate the porosity, ferroelectric and piezoelectric properties 

of the screen-printed thick film whereas most of the researches suggested that screen printing 

method is a preferable method for low cost production of microelectronics application [7-9].  

 

 
 

Fig. 1: Schematic diagram of thick film substrate mounted with LED as a package  

via screen printing process. 

 

 

Conventionally, ASTM D5470 standard is used to measure the thermal conductivity of a 

material, where this test method is applied for getting the thermal transmission properties of 

dielectric material. In an experiment reported by Kevin Hanson [10], he modified the ASTM 

D5470 standard to control and monitor the specimen thickness under test. He also used various 

temperatures that are fixed in his experiment so that multiple layers of thermal resistance of the 

specimen can be obtained. Rao et al. [11] measured the thermal conductivity of metal matrix 

composites at different temperatures and pressures. He concluded that the thermal contact 

conductivity increases as the pressure increases. Grujicic et al. [12] investigated the important of 

the heat transfer across the surface contact of the sample’s layers which contributed to the 

improvement of the device’s performance [12]. Gwinn and Webb [13] have discussed the 

optimum thermal conductivity measurement of various TIMs at different pressures. Same type of 

research workshasbeen carried out by many groups to investigate the effect of pressure on TIM [1]. 

However, Ren-Jeng et al. revealed that the thermal contact conductance increased with the 

increasing pressure of diamond film coating [15]. Nowadays, glassy type dielectric thick film is 

considered as TIM for high power LEDs and can lead for chip on board concept for electronic 

industry. So it is necessary to understand the thermal behavior of these kind of coating on various 

testing conditions such as pressure and temperature.  

In this paper, we have prepared a glassy type dielectric thick film on Al substrate by 

screen printing method and further cured and annealed at optimum temperature. The optimization 

of the curing and annealing temperature are not discussed in this paper. The thermal behavior of 

dielectric thick film is performed at various pressures and temperatures by transient analysis using 

Thermal Transient Tester (T3ster, mentor Graphics) at two driving currents where the heat source 

is supplied by MOSFET.MOSFET is chosen as heat source instead of LED as 100% heat is 

dissipated compared to 70% heat from LED. Comparison is made between the bare and printed 

substrates based on the measurement of total thermal resistance in different testing conditions. 

 
 
2. Experimental Work 
 

2.1 Sample preparation 

Industrial grade dielectric paste supplied from Heraeous Company was used in this study. 

The dielectric paste is screen-printed on an aluminium substrate of series 3003 with the dimension 

of 5.6cm (L) x 5.6cm (W) x 1.52mm (T). The composition of the dielectric paste is not 

revealeddue to intellectual property of the prepared paste. Before the screen printing process, the 

paste is thoroughly stirred with mechanical stirrer so as to ensure the homogeneity of paste. It is 
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further put and pressed through a permeable screen. A squeegee blade drags the paste to and fro 

the screen and forces it to deposit on the substrate. After each print, the obtained film surface was 

scanned by microscope for void detection. If the void is detected on the printed film, subsequent 

printing process is repeated. The printed substrate with minimal voids is further cured at 125°C for 

15 minutes in an oven. A high temperature firing step is performed afterwards in a five-zone 

furnace at 550°C for 3 hours. The firing temperature has been fixed at 550°C due to the melting of 

aluminium substrate where efficient diffusion happens between the dielectric material and the 

substrate. The thickness of fired film is then measured by cyberScan Vantage 50 and observed an 

average thickness of 100± 2.00µm [16]. 

 

2.2 K-Factor measurement and thermal transient analysis 

To measure the sensitivity of the MOSFET, K-Factor calibration on MOSFET is carried 

out by using Thermal Transient Tester (T3ster, Mentor Graphics). Initially, it is powered with 

1mA of sensor current while heating it up with the temperature ranging from 20°C to 80°C, with 

temperature step of 5°C. In theory, K-Factor is defined as the correlation of the forward voltage 

and temperature difference at constant current, as described by the following equation (1) [17], 

where ∆T defines the change of temperature-controlled calibration environment with ambient 

temperature, ∆Vf, is the difference of the forward voltage.  
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As illustrated in Fig. 2, the experimental setup is structured according to the conventional 

experimental procedure as stated in ASTM 5460 standard. The setup directs the flow of the heat 

flux in one direction, creating a temperature gradient from the MOSFET (heating element) to the 

water-circulated cold water. A flat surface plate is placed on top of the MOSFET as an insulation 

layer for ensuring the heat flux flows downwards. With the aid of Pneumatic Thermal Interface 

material Tester (TTF-100), uniform pressure is continuously applied on the sample where the 

pressure is manipulated by a compressor. Throughout the experiment, the temperature of the cold 

plate is maintained by Julabo F12 circulator. 

 

 
Fig. 2 Schematic diagram of Experimental setup 

  

 

To initiate the thermal transient measurement, the MOSFET is attached on a bare Al 

substrate and powered up with 500mA of emission current, IE, at room temperature and pressure. 

The reason of choosing this 500mA of emission current as starting current is due to the current lies 

in the middle range of high driving current that commonly applied in LED devices. After powering 

the MOSFET for 90s, it is left for 360s for performing cooling transient measurement. 

Additionally, the duration of cooling transient measurement has been optimized with several trials 

until the MOSFET reaches thermal equilibrium within the setup. The bare Al substrate is then 

replaced with dielectric printed Al substrate. Similar experimental procedure is repeated at room 

temperature and pressure. The results of both bare substrate and coated dielectric substrate are 

processed with T3ster Master post-processing software supplied by Mentor Graphics. The 

difference in the results between the bare and coated substrates represents the thermal resistance of 

printed dielectric thick film. 
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In the direction of further investigate the behavior of the dielectric thick film for various 

operating conditions, the bare substrate and dielectric printed substrateare tested from the room 

temperature, 25°C until 55°C, with temperature step of 10°C at constant atmospheric pressure and 

500mA of driving current. To minimize the probability of thermal shock during the experiment, an 

interval of 10 minutes is applied for each measurement.After measuring the temperature 

dependence of both bare and coated substrate, the applied pressure is changed from atmospheric 

pressure (1 bar) to 4 bar, with pressure step of 1 bar at each constant temperature. In this 

experiment, the compressor used can only provide maximum pressure of 4 bar. Thus, further 

increasing of pressure will damage the tubing of the compressor and the testing fixture. 

Furthermore, for most of the LED related products, normal room temperature and pressure are 

exposed. However, if the LED products are used for application under high pressure and 

temperature, the performance of effective heat transfer out from the package is highly affected. 

Next, both temperature and pressure dependency measurements are further characterized with 

1000 mA of emission current. Subsequently, this high driving current of 1A is chosen as it is 

widely used in most of the high power LED application, like spotlight and street light. Therefore, 

the thermal performance of the devices is deeply investigated. Similar experimental procedures are 

repeated so that the total thermal resistance of the dielectric thick film can be compared.In this 

experiment, the cooling transient measurement, either in temperature or pressure dependency 

measurement, is maintained at 1mA of sensor current. From JEDEC standard 51-1 [18], the 

thermal resistance of the device under test is characterized with electrical test method.  

 

 

3. Results and Discussion 
 

3.1 Pressure dependency measurement 

The K-factor of the MOSFET is calibrated to be 2.428 mV/°C prior to characterization of 

the dielectric thick film. The total thermal resistances of both bare and dielectric printed substrates 

subjected to driving currents of 500mA and 1000mA are shown in Fig. 3a and 3b respectively. It is 

clearly observed that there is a decreasing trend of total thermal resistance of both bare and 

dielectricprinted substrates with respect to increasing applied pressure [19]. In Fig.3a, the most 

significant drop of thermal resistance of the dielectric thick film is observed at room temperature 

of 25°C with applied pressure from 1 bar to 2 bar at 500mA. This phenomenon is mainly due to 

the reduction of interfacial gap between the heat source and the surface of dielectric layer,which 

accumulate in an efficient thermal transfer path towards the substrate.The further increment of 

applied pressure to the dielectric layer serves to create a more efficient longitudinal heat flow to 

the substrate [3-4]. However, the thermal dissipation efficiency of the dielectric layer is observed 

to saturate when the pressure is further increased from 3 bar to 4 bar under similar applied 

temperature. This shows that the dielectric layer has reached its maximum efficiency mechanically 

via compression. However, at the limit of maximum applied temperature of 55°C, the increasing 

pressure has shown less significant role in reducing the total thermal resistance of the dielectric 

layer. With the same increment in pressure from 1 bar to 2 bar, the thermal resistance is reduced 

considerably with the presence of dielectric layeras compared to the modest reduction in the case 

of bare substrate.  

Next, the total thermal resistance shown in the Figure 3b (IE=1000mA) has reported that 

under same applied temperature, the thermal resistance of the dielectric layer at higher pressure is 

nearly similar to the corresponding thermal resistance at 500mA. It is further observed that the 

total thermal resistance achieved at room temperature and pressure at 1000mA has been reduced to 

3.563 K/W from the value of 4.022 K/W at 500mA. Compared to the total thermal resistance at 

room temperature and 1 bar, the same quantity of thermal resistance shows less drastic changes at 

higher temperatures of 35°C to 55°C when the current is increased from 500mA to 1000mA. The 

total thermal resistance of bare substrate shows nearly similar result for both applied currents at the 

higher temperature of 45°C and 55°C, as the resistivity of the metal is low. However, the thermal 

resistances at lower temperatures(25°C and 35°C) show higher values at 1000mA, comparing with 

the same quantity at 500mA under pressure of 1 bar. 
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3.2 Temperature dependency measurement 

Apart from the pressure dependency measurement at different fixed temperatures and 

driving currents, similar methodology is applied to study the behavior of dielectric thick film with 

respect to temperature changes. At fixed pressure shown in Fig. 3, the total thermal resistance with 

the dielectric thick film coated Al substrates decreaseswhen the applied temperature is increased. 

This phenomenon implies that the dielectric layer has the capability to absorb more incoming 

heatand dissipates it to the ambient. However, at the maximum pressure of 4 bar and peak 

temperature of 55°C, the resistance of the dielectric drops significantly to 2.538 K/W from 3.249 

K/W, the lowest values recorded in this study. For the case of bare substrate, the thermal 

dissipation is relatively insensitive to the increment of temperature.  

When the driving current is doubled from 500mA to 1000mA, the total thermal resistance 

shows lower reduction with increasing temperature. Additionally, the effectiveness of increasing 

temperature for the reduction in thermal resistance at constant pressure is halved. Based on the 

experimental setup of ASTM D5470, the uncertainties of the measurement are possibly due to the 

distortion of the temperature gradient of MOSFET as a temperature sensor in this experiment [20]. 

This temperature distortion has the possibilities of affecting the uniformity of 1-D heat flux in the 

resistance measurement. Additionally, these uncertainties if the measurement are also caused by 

the positioning of the MOSFET after the cooling interval of 10 minutes due to manual positioning, 

which caused the total thermal resistance to be varied in this experiment. However, extreme 

caution of the positioning if the MOSFET has been taken into consideration during the 

measurement of thermal resistance of the samples. 

 

        
a)                                                                                       b) 

 
Fig. 3 Total thermal resistance of bare and coated substrates tested at different temperatures 

 and pressure with driven current of a) 500mA b) 1000mA. 

 

 

4. Conclusion 
 

Thermal performance of the dielectric thick film deposited on Al substrateis tested using 

MOSFET as heat source with various pressures and temperatures. The observed thermal resistance 

of dielectric printed Al substrate is the lowest at high pressure of 4 bar and temperatures of 55°C 

for both driving currents. It is further concluded that the ambient temperature has less influence 

than pressure on the thermal resistance of thick film as thermal interface material. At room 

temperature with increasing pressure until 4 bar, thick film is suitable to be used in the 

semiconductor industries, as microelectronics or optoelectronics components. Uncertainties of the 

total thermal resistance of the thick film substrate are possibly caused by the distortion of 

temperature gradient of MOSFET as temperature sensor and the positioning of the temperature 

sensor in the experiment. 
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