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Abstract 
Microfluidic structures can be replicated on PMMA substrate using precision hot embossing. A set-up is designed and developed 
using kinematic clamps and flexures. Three pairs of radial v-groove and spherical ball are used for accurate positioning and alignment 
of the master mold and substrate. A sheet flexure based parallel guidance mechanism is designed to apply required force during 
embossing. The embossing force is applied by a mechanical toggle clamp. Thermal centre concept using three reinforced sheet 
flexures has been used to allow for expansion during heating. Finite element analysis is used to analyse thermal stresses. Peltier 
module is used for heating. Temperature control module is developed and PWM based controller is designed to control the 
temperature profile during the embossing process. A prototype is fabricated using 3d printing and integrated with the temperature 
control module. Experiments are performed with the developed modules. Microfluidic structures are embossed and the features on 
PMMA substrate are compared with those of the master mold. The features are successfully replicated. The developed set-up shows 
the efficacy of the design and the set-up can be used as an alternate to manufacture microfluidic chips economically.    
 
Keywords – precision, thermal centre, flexure, hot embossing, microfluidic structure 

 

1. Introduction  

Microfluidics is a recent fascinating field that integrates 
operations that are performed in a whole laboratory into a 
simple micro-sized microfluidic chip. There is a need to develop 
a commercial machine for mass production of precise 
microfluidic chips at cheaper price for the wide range of 
applications that Microfluidics technology offers.  

The optimum parameters of 3.2 MPa embossing pressure, 
125°C embossing temperature and 4 min embossing time 
obtained by Li et al [1] are chosen as reference parameters in 
this study.  

Many previous works have described their hot embossing 
setup for embossing micro-channels in PMMA material. Juang et 
al [2] has developed a machine with pneumatic cylinder actuator 
and guideways with cartridge heating and air/water cooling. He 
et al [3] has developed a system in which embossing pressure is 
applied using weights and lever system and the entire setup is 
kept inside oven for heating which is then air cooled. Wang et al 
has developed a system where the pressure is applied using 
mechanical ball bearing screw jack that is motor driven [4]. 
Heating and cooling are done using thermoelectric modules. 
Ferah et al has developed a system using hydraulic press for 
force application in which the heating was done using electric 
resistance heaters [5]. 

However, none of the work significantly addresses common 
manufacturing concerns such as repeatability for mass 
production, capital and running cost of machine, alignment 
system, etc.  

This research aims in developing a commercial precision hot 
embossing machine that will be capable of mass-producing 
microfluidic chips. The machine being developed will be cable of 
producing precise micro features on PMMA at low cost by the 
use of Flexures and Kinematic clamps. 

2. Designing of the machine 

The two main objectives in designing a suitable mechanism for 
achieving the desired motion are 
1. Only one degree of freedom (DOF) is required to complete the 
embossing process.  
2. For mass production and to minimize equipment variations, 
this linear motion needed to be as repeatable as possible. 

The desired motion is split into two linear motions – coarse 
motion and fine motion. The coarse motion is a large motion 
that helps in loading and unloading the substrate. This motion 
should ensure precise alignment of substrate with respect to the 
tool. The fine motion starts after the coarse motion is completed 
and it is the motion of the tool alone by few millimeters for 
embossing.  
   
2.1. Use of Kinematic Clamp and Flexures for precision 
 

Kinematic couplings are exact constraint design couplings 
which  uses six known contact points to constraint 6 DOFs (two 
constraints per sphere-vee mate) to locate one component with 
respect to another. This makes performance predictable.  

Kinematic Coupling is used in precisely aligning mold and 
substrate at the end of the coarse motion. Once the mold and 
the substrate are located with respect to one another, the fine 
motion would bring the tool to emboss the features onto the 
substrate. 

Flexures provide maximum accuracy and stability without 
friction, stiction, wear or backlash and with minimal hysteresis 
which are present in the conventional joints. The 1 DOF required 
for the fine motion for embossing is achieved using combination 
of flexures as shown in Fig. 1.  
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Figure 1 a) Kinematic Clamp [6] b) Parallel guidance mechanism with 
shortening effect compensation  

2.2. Designing of Insert assembly for thermal expansion      
 

Since the temperature of the insert is raised by 100°C, there 
will be thermal expansion of the insert. If this thermal expansion 
in insert is constrained by assembly, the insert will get subjected 
to cyclic thermal stress resulting in failure.  

To overcome the problem of thermal stress, the insert is 
assembled using three notch sheet flexures as shown in Fig. 2 
creating a thermal centre. During thermal expansion, this 
thermal center remains fixed, and the remaining parts expand 
freely with respect to this center. Hence there will not be any 
thermal stress in the insert. The three sheet flexures with 
notches constrain 2 DOFs each and in total constraints all 6 

DOFs.  
 

 
Figure 2 Six DOF constraints with thermal center 

The insert module is located in the above assembly using 3-2-
1 location technique. The 6 degrees of freedom are arrested 
using six bolts given as shown in Fig. 3. 

 

 
Figure 3 a) Insert Module assembly to the tool b) 3-2-1 location bolts 

for insert module 

3. Final Machine  

The required embossing force is provided using a toggle clamp. 
The complete machine is shown in Fig. 4.      

 

 
 

Figure 4 Final precision hot embossing machine 

4. Experimental Results: 

The insert is heated using Pelteir module. PWM techinique is 
used to control the embossing temperature. A control circuit is 
developed as shown in Fig. 5. Experiments were carried out 
using the following circuit and mechanical clamp to prove the 
feasibility of the concept.  The embossed substrate and the 
insert are shown in Fig. 6.  

 

 
 

Figure 5 Control circuit for the machine 

 

 
Figure 6 Microscopic images of insert and embossed PMMA substrate 

5. Conclusion       

For low cost mass manufacturing of microfluidic chips in 
PMMA material, a precision set-up is designed and developed 
using kinematic clamps and flexures. Three pairs of radial v-
groove and spherical ball are used for accurate positioning and 
alignment of the master mold and substrate. A sheet flexure 
based parallel guidance mechanism is designed to provide 
required 1 DOF motion for embossing. The embossing force is 
applied by a mechanical toggle clamp. Thermal centre concept 
using three reinforced sheet flexures has been used to allow for 
expansion during. The efficacy of the concept has been 
experimentally proven. This machine will help in mass 
production of precise microfluidic chips at cheaper price for the 
wide range of applications that Microfluidics technology offers. 
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