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ABSTRACT 
 
In this paper, a novel adhesive force measurement 

system is developed to measure adhesive forces from the 
surface on the flexible electronics. The measurement 
system consists of a high resolution force sensor, a high 
resolution piezo z-stage, and housing, so that it can measure 
the adhesive force from 2 to 2000 nN with tens of nm 
resolution. The piezo z-stage and force sensor are 
controlled by a DAQ board.  

In the experimental study, a pull-off force of an 
adhesive layer was measured using the proposed system. 
10:1 PDMS layer on a 100mm-silicon wafer was measured 
as the adhesive layer.  We observed that the pull-off force 
of PDMS layer was varied according to the velocity of 
piezo z-stage, and was also varied according to the 
indentation depth. In the near future, by controlling these 
conditions (velocity of z stage and indentation depth) for 
PDMS layer, we can pick and place electronic devices onto 
the flexible substrate using PDMS materials successfully. 
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1 INTRODUCTION 
 
Recently, flexible electronics industry is growing 

rapidly, since the flexible electronics industry has produced 
flexible displays, flexible sensors, flexible wireless 
communications, flexible high efficiency TFT(thin film 
transistor), etc.[1] Large-area adhesion control process is 
one of the essential technologies to produce flexible 
electronics devices, which increases or reduces the 
adhesion among flexible substrate, transcription stamp, 
devices, and patterns before transcription process[2]. The 
adhesions between several components of production 
systems are different according to the variation of patterns 
and surface conditions of devices[3,4]. Therefore, we must 
recognize the adhesive force difference from various 
materials and patterns. Previous study, the adhesive force is 
measured by AFM and the high-resolution capacitive force 
transducer system. AFM and the high-resolution capacitive 
force transducer system have some problems: Using AFM 
can induce calculation error, and the previous high-
resolution capacitive force transducer system can measure 
small range only [5,6].  

In this paper, a novel adhesive force measurement 
system is developed to measure adhesive forces from 
interacting surfaces on the flexible substrate. Here, we used 
a high resolution capacitive type force sensor and a high 

resolution z-stage to measure adhesive force with high 
sensitivity (2 ~ 2000 nN with tens nm resolution). Using the 
proposed system, the adhesion force in PDMS layer with 
10:1 ratio was measured by controlling the velocity of z 
stage and the indentation depth of the tip in a sensor.  

 
2 ADHESIVE FORCE MEASUREMENT 

SYSTEMS 
 

2.1 Design 

Figure 1 shows the conceptual description of the 
proposed adhesive force measurement system. This system 
consists of anchors, a manual z-stage, a feedback type 
precise piezo z-stage and a capacitive type force sensor. 
The anchors support the plate and the manual z-stage in the 
system can move 25mm along the vertical line.  

 

 
Figure 1 : Schematic of a novel adhesive force 

measurement system 
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The adhesive force measurement system was designed 

to measure the roll-type adhesive layer with the width of 
300mm. The force measurement part was fixed on a 
uniformly drilled plate with bolts, and this part was 
assembled with manual z-stage, piezo z-stage, and force 
sensor beforehand. Its position can be adjusted according to 
the position of the drilled holes. 
 
2.2 System Configuration 

Figure 2 shows the main parts of a novel adhesive force 
measurement system. The piezo z-stage is able to move 
until 100 um on the vertical line by nano meter scale. The 
piezo z-stage resolution is 2nm. The capacitive type force 
sensor can measure the adhesion force with 2~2000nN 
range. The piezo z-stage and the force sensor are connected 
to a DAQ board. The DAQ board was used to control the 
input voltage signal to manipulate the piezo z-stage and to 
get the output data from the force sensor. All parts of 
system are established on the isolation table. A Lab view 
program was made to plot and collect the various data 
(force and displacement data). Figure 3 shows the adhesive 
force measurement system configuration. 
 

          
(a)                        (b)  

   
(c)                                         (d) 

Figure 2 : The main parts of the proposed adhesive force 
measurement system (a) DAQ board (b) Piezo z-stage                          

(c) A capacitive type force sensor, (d) Lab view program 
 

 
Figure 3 :The configuration of adhesive force measurement 

system  
 
 
 

3 RESULT AND DISCUSSION 
  
First, the vertical location is adjusted roughly using 

manual stage, until the distance between tip and substrate is 
small enough that we can measure the adhesive force by 
controlling the piezo z-stage. Then, the piezo z-stage moved 
when the force signal is acquired into a DAQ board. While 
the piezo z-stage and the force sensor are worked, we could 
collect force versus displacement data and error data using 
the proposed system.  

First, we carried out experiments to acquire the force 
versus displacement data from SiO2 and PDMS layer. 
These materials were selected, because the adhesive force 
to compare the adhesive characteristics in flexible material 
and hard material. Figure 4 shows measurements of a force 
versus a displacement for SiO2 and PDMS. At this time, 
PDMS mixture is 10:1 ratio and mixture of a translucent 
base in a curing agent is vacuum dried at room temperature.  

 

Figure 4: Force-displacement measurement for SiO2 and 
PDMS. 
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 The force when sensor’s tip going down to the substrate 
is called “pull-in”, and the force  when sensor’s tip going up 
from the interaction surface is called “pull-off”. The piezo 
z-stage is controlled so that it moves with 40nm/s in pull-in 
mode, and moves with from 40nm/s to 4000nm/s in pull-off 
mode. And the all experiments were performed at the room 
temperature and atmospheric pressure.  

Figure 4 shows the force versus displacement relation for 
SiO2 and PDMS layer. A displacement in the graph is a 
moving distance of the piezo z-stage. As shown in the 
figure 4, in case of PDMS, hysteresis between was 
measured successfully, but in case of SiO2, we could not 
find this hysteresis like the PDMS. 
 

 

Figure 5: Pull-off velocity dependence of pull-off force for 
PDMS  

Figure 5 shows that is a pull-off velocity dependence of 
pull-off force for PDMS. A pull-off force was measured by 
changing a pull-off velocity. At this time, a pull-in velocity, 
temperature, pressure, humidity, and a maximum force in 
pull-in are regulated to hold the same condition in the 
experiment. In this graph, the pull-off force decreased 
rapidly when the pull-off velocity was changed from 40 to 
500 nm/s and then it was reduced gradually when the 
velocity was changed from 500 to 1400 nm/s. The pull-off 
force was not change in more than 1400 nm/s of pull-off 
velocity. 

Only the pull-off velocity is changed, but the pull-off 
force can be changed largely. So the optimal adhesion 
condition in the system on flex adhesion control process 
can be obtained by control of a pull-off velocity. 

The pull-off force was measured by changing initial 
contact force in pull-in mode. In order words, we change 
the indentation depth for pull-off force measurement. 
Figure 6 shows that is maximum force on pull-in 
dependence of pull-off force for PDMS. At this time, a pull-
in/pull-off velocity, temperature, pressure and humidity are 
same condition in the experiment. In this graph, the pull-off 
force was not changed largely like the case of the variation 
of pull-off velocity. However, we could find that more large 

pull-off force occurs when more large indentation depth 
was applied. 
 

Figure 6: Maximum force on pull-in dependence of pull-off 
force for PDMS  

 
4 CONCLUSION 

 
In this paper, we develop a new adhesive force 

measurement system that consists of a high resolution piezo 
z-stage, a high resolution force sensor, controllers of piezo 
z-stage, force sensor and controlling program. Using the 
system, we observed pull-off force in PDMS by changing 
the pull-off velocity and the maximum force at pull-in. 
These results are very useful data that is use to find 
effective condition when we evaluate the adhesion 
characteristic of various materials with diverse patterns on 
flexible electronics. 
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