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Abstract  The polymeric biochip has been focused as a cheap, rapid and simplified method to replace the existing bio-
chemical laboratory works. This biochip is formed miniaturized lab functionalities on a chip with the development of 
MEMS technology. This has many micro-fluidic channels for the flow of sample and reagents, mixing and detection task. 
Existing technologies for the biochip fabrication are utilizing various micro pattern forming methods, such as etching, 
LIGA, and micro-imprinting etc. In this study, an injection molding process with micro mold was applied to the mass pro-
duction of polymeric biochip which contains micro-fluidic channel. Micro cutting process was applied to fabricate the core 
feature for molding micro-fluidic channel. Therefore, a series of micro cutting experiments using micro endmill were per-
formed to determine optimum cutting conditions. Besides, the low temperature micro-cutting experiments using micro 
endmills were performed to improve the quality of micro mold core by reducing the burr and surface roughness. After the 
verification of low temperature micro-cutting process efficiency, this process was used to fabricate required mold core for 
micro feature. Finally, test injection molding process using manufactured micro mold and COC polymer were performed, 
and then the results were investigated. 
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1. Introduction 
In recent, with the development of micro fabrication 

technologies, biotechnical analytical processes can be rap-
idly performed using miniaturized biochip. Generally, bio-
chip can be categorized into two groups; micro-array and 
micro-fluidic chips. The micro-array has an array of minia-
turized test site on a chip. The number of micro-arrays var-
ies from a hundred to a few thousand. Because the mi-
cro-fluidic chip can perform multiple tasks in a biochemical 
analysis laboratory, such as mixing, reaction, separation, 
and detection etc., it is called as LOC (lab-on-a-chip).[1,2] 
The micro-fluidic chips have various advantages such as 
short analysis time, small specimen and reagent, low cost, 
high accuracy, and easy usage etc. Therefore, the mi-
cro-fluidic chips have been interested as high-valued tech-
nology in related industries.[3-6] Unlike the micro-array 
chips, the micro-fluidic chips have many micro-channels to 
connect the unit tasks for consecutive processing steps.[1] 
The continuous flow of input test samples and reagents 
through the micro-channels can make the analytical process 
to be performed on a chip by minimizing sample contami-
nation and processing time. Existing substrate materials for  
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micro-fluidic chips fabrication are glasses or polymers. The 
substrate for micro-fluidic chips should be biocompatible 
since most of they are used for biological analysis. Besides, 
various material properties such as mechanical strength, 
porosity, and hydrophobicity, etc., are required for real ap-
plication. Fabrication procedures of micro-fluidic chips 
depend on the used material and complexity of the chip. 
Existing fabrication method of micro-fluidic chips is based 
on the soft lithography, such as wet-etching, micro-contact 
printing, and hot-embossing, etc.[2-5] Also LIGA and mi-
cro-powder blasting processes are applied to form required 
micro-channels on the biochips.[7] Several studies were 
performed to replicate micro-fluidic chips using metal mold 
masters which were prepared by CNC micro-milling proc-
esses.[8-11] In these study, brass[7] and aluminium mas-
ters[9-11] with micro-fluidic channels were fabricated to 
replicate PMMA and thermosetting resin by hot embossing. 

In this paper, to establish the basis of the micro pattern 
fabrication and mass production of polymeric biochip using 
injection molding process, micro cutting method was ap-
plied to form micro-channels on the micro injection mold 
core. As a first step, simplified micro-channels were de-
signed based on existing research results. Then, micro cut-
ting experiments using micro endmill were performed to 
determine optimum machining conditions to improve better 
surface roughness and shape accuracy. Besides, the 
low-temperature micro cutting experiments were executed 
for reducing burrs. Finally, the test injection processes using 
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fabricated micro injection mold and COC resin were per-
formed, and the results were analysed. As the results, it can 
be observed that the required micro-fluidic chips can be 
obtained using injection molding process. 

2. Design of Micro-Fluidic Channel for 
Biochip 

Figure 1 shows a simplified micro-fluidic fields design. 
The designed biochip is composed of an upper plate C and a 
bottom plate D. By closing the upper plate, square-type 
micro channels which has 100 ㎛ width and 100 ㎛ depth 
can be formed between the plates. As shown in the Figure 1, 
A1 and A2 are the inlet ports for the reagent and test sam-
ples; B is the sensing port of the reaction results. The mi-
cro-fluidic channel is formed between the ports A and B for 
sufficient mixing of the reagent and test sample. It is de-
signed to have 90mm of total flow distance and 70mm of 
detection length. 

 
(a) Designed biochip with micro-fluidic channels 

 

 
(b) Top and cross-sectional views of designed biochip 

Figure 1.  Designed biochip for test injection molding 

3. Micro Cutting Experiments 
3.1. Micro Cutting System 

The micro cutting system used in the micro cutting ex-
periments in this study is as shown in Figure 2. The struc-
ture of system is similar to the conventional 3-axis machine 
tool with the spindle mounted to the vertical axis. For the 
micro endmilling process, the main axis of micro cutting 
system was applied with an air bearing type high frequency 

spindle that can be accelerated up to 100,000rpm in order to 
reduce the amount of feed per tooth considering the charac-
teristics of micro cutting process which has relatively large 
amount compared to the macro cutting process. In addition, 
since vibration delivered from external sources should be 
very importantly considered with the self-exited vibration, 
four isolators were installed under a surface plate on which 
micro cutting system. The cutting lubrication oil can be 
sprayed in the form of mist considering very small size of 
cutting area during the micro cutting process. Table 1 is a 
list of the detailed specifications of the micro cutting sys-
tem. 

 
Figure 2.  Micro cutting system used in this study 

Table 1.  Specifications of the micro cutting system 

Traveling range X,Y-axes (600mm), Z-axis (200mm) 

Resolution All axes 0.1 ㎛ 

Accuracy X,Y-axes (6 ㎛), Z-axis (2 ㎛) at full traveling range 

Repeatability All axes 0.2 ㎛ at full traveling range 

Rotational speed Max. 100,000rpm 

Spindle runout Max. 0.7 ㎛ 

Specimen load Max. 10kg 

3.2. Experiments for Micro Burr Reduction 

The burr size created during the micro cutting as con-
trasted with micro cutting feature size are much larger than 
that of macro cutting process. This burr causes more serious 
problems to post-cutting processes and the quality of micro 
cutting feature. In addition, it is very difficult to efficiently 
implement deburring processes for burrs created during 
micro cutting process due to very small micro feature size. 
Therefore, the minimization of burr created during micro 
cutting process is the most desirable for post processes to be 
implemented after cutting process. 

In this study, the low temperature micro cutting process 
for minimizing the tool wear and cutting heat rapid-cooling 
as the main factors which generate burr was proposed and 
verified. The low temperature micro cutting process is im-
plemented while spraying low temperature pressured air at a 
level -20~-50℃ to the very small micro cutting area. Table 
2 show the efficiency verification experiments conditions of 
proposed lubricant method. Figure 3 shows the configura-
tion of devices for the micro cutting experiments under 
various cutting lubrication conditions. 
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Table 2.  Detailed experimental conditions 

Cutting tool Dia. 300 ㎛ 2-flute endmill 
Workpiece NAK80 (20mm×20mm×15mm) 

Cutting velocity 30m/min (31,847rpm) 
Feed per tooth 0.86 ㎛/tooth (55mm/min) 
Depth of cut 100 ㎛ (10 ㎛/step×10step) 

Total cutting length 2,100mm 

Cutting lubricant 

No lubricant cutting 
Wet cutting with cutting oil (Room tempera-

ture wet cutting) 
Wet cutting with cutting oil and low tempera-

ture compressed air(-20℃, 2bar) 

 
Figure 2.  Diagram of experimental setup 

In the experiment of the ‘no lubrication cutting condition’, 
the largest changes in cutting force occurred and it could be 
identified that cutting force changed quite irregularly from 
the time point of surpassing a cutting length of 300mm. 
(Figure 3) It is considered that this phenomenon was caused 
because the volume and strength of the tool edge were 
changed due to growth and dropouts of the built-up-edges 
of the tool, flank wear and tool edge wear.  

In the experiment under wet cutting conditions including 
‘Room and low temperature wet cutting conditions’, it 
could be identified that generally much smaller cutting 
force occurred compared to the ‘no lubrication condition’ 
mentioned earlier and the amounts of variation in cutting 
force occurred in relation to cutting length were also rela-
tively small. (Figure 3) However, it could be seen that 
whereas cutting force increased slightly under ‘Room tem-
perature wet cutting condition’, it did not increase under 
‘Low temperature wet cutting condition’ even when proc-
essing lengths increased. Since low temperature compressed 
air was delivered to minute cutting area together with cut-
ting oil, chip removal and cutting heat cooling were done 
very quickly and the micro cutting area was maintained 
with relatively low temperature compared to other condi-
tions. By this environment of micro cutting area, friction 
heat on tool flanks was also cooled. From the tool images in 
Figure 4 too, it can be identified that the states of tool edge 
area and flank surface were relatively better compared to 
‘Room temperature wet cutting condition’. 

Tool wear and cutting force are closely related with each 
other and theses phenomena are directly connected to the 
quality of micro cutting features. Therefore, the results of 

analysis of cutting force and tool wear relative to cutting 
lubrication conditions can be identified in the micro cutting 
features SEM images in Figure 5. In experimental condition 
of ‘no lubrication’, as in the SEM images, the normal micro 
cutting process was not caused becausecutting heat gener-
ated excessively in minute cutting areas with tool wear were 
progressed very fast. Finally, it could be identified that the 
experiment case applied with ‘Low temperature wet cutting 
condition’ has the best quality of micro cutting features in 
the aspect of burr occurrence. 

 
Figure 3.  Micro cutting force of feed-direction with cutting length 

 
Figure 4.  Tool images at 2,100mm cutting length according to cutting 
lubrication conditions 

 
Figure 5.  Cutting methods for experiments 

3.3. Experiments for Surface Roughness and Shape 
Accuracy Improvement 

Surface roughness in the fabricated micro-fluidic channel 
is an important factor to determine the liquid fluidity. It is 
very important to decide optimum machining conditions 
based on the required experimental results because the 
macro-field finishing processes, such as polishing and lap-
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ping are almost impossible for micro-fluidic channel fabri-
cation. Thus, the relationship between the micro cutting 
conditions and surface roughness was investigated through 
a series of experiments. A test specimen was designed to 
have both regions with same curvature as shown in Fig-
ure6because the designed micro-fluidic channels in this 
study have straight and curved features. The specimen was 
cut by two methods at constant spindle speed of 17,000rpm 
and by changing the feedrates as follows; (a) 1 pass cutting, 
depth-of-cut was 100 ㎛, (b) 10 times of step cutting, 
depth-of-cut for each step was 10 ㎛. Inspection results of 
surface roughness are shown in Figure. 7 for straight and 
curved region, respectively. The best results were observed 
when the depth-of-cut was 100 ㎛ and feedrate was 
50mm/min for both of the straight (Ra=31nm) and curved 
(Ra=44nm) regions. 

 
Figure 6.  Cutting methods for experiments 

 
(a) Straight region 

 
(b) Curved region 

Figure 7.  Measured surface roughness 

As a next step, the influence of micro tool diameter 
variation was investigated for the improvement of shape 
accuracy. For the experiments, micro tools of 200 and 
400 ㎛ diameter were used and the results were analysed. 
Depth-of-cut was 100 ㎛ and federate was 50mm/min ac-
cording to the previous experimental results. Measured re-
sults of the machined micro channels and 3D profile are 
shown in Figure 8 (tool diameter=200 ㎛) and 9 (tool di-
ameter=400 ㎛). From the figures, it can be seen that the 
micro endmill of 400 ㎛ diameter gives better shape accu-
racy at same machining conditions. 

 
(a) Straight region 

 
(b) Curved region 

Figure 8.  Measured profiles of micro channels machined using 200 ㎛ 
micro endmill 

4. Fabrication of Mold and Test 
Injection Experiments 

In this study, a test injection mold for biochip was de-
signed as shown in Figure 10. It has simple moldbase 
structure for easy alignment and fabrication. The mold has 4 
cavities, which is surrounded by isolation plates to prevent 
heat loss, and to maintain the inside temperature constant 
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during injection process. Using the mold, the upper and 
bottom plates of the biochips can be manufactured at a time 
by one process. 

 
(a) Straight region 

 
(b) Curved region 

Figure 9.  Measured profiles of micro channels machined using 400 ㎛ 
micro endmill 

Based on the previous experimental results, the optimum 
conditions for fabricating micro channels on the injection 
mold core were determined as shown in Table 3. SKD11 
was used for manufacturing ejecting pin and guide bush; 
and NAK80 was used for cavity and core for micro channel 
molding. Figure 11 shows the mirror-finished plates for 
micro-channel machining fabricated core and assembled 
mold set for the test injection experiments. As shown in 
figure, 4 cavities are assembled in a mold set. 

 
Figure 10.  Designed injection mold set 

 
(a) Up and bottom plates after mirror-finishing 

 
(b) Fabricated core (left) and micro-fluidic channel on the core (right) 

 
(c) Assembled mold set for test injection molding 

Figure 11.  Fabricated core and test injection mold 

Table 3.  Applied micro cutting conditions for core fabrication 

Cutting tool Dia. 400 ㎛ 2-flute endmill 
Core material NAK80 

Tool rotational velocity 17,000 rpm 
Feed per tooth 50mm/min 
Depth of cut 100 ㎛ (10 ㎛/step×10step) 

Side depth of cut 10 ㎛ 

Cutting lubricant Wet cutting with cutting oil and low 
temperature compressed air(-20℃, 2bar) 

Table 4.  Thermal properties of COC 

COC 8007S-04 
Melt temperature 230℃ 

Glass transition temperature 80℃ 
Viscosity index (MPI data) VI(260)0091 

The polymer used in the test injection process were COC 
(cyclic olefin copolymer), which have good material prop-
erties, such as high transparency, low double refraction, low 
absorptive property, and biocompatibility, etc. Applied 
COC resin is ‘Topas 8007S-04’. Thermal properties and 
viscosity characteristicsof COC are shown in Table 4.  

Test injection process using the fabricated mold set is 
shown in Figure 12(a), and the injected samples of biochip 
are shown Figure 12(b). From the figures, it can be seen 
that the micro-channels are formed on the polymer plates 
successfully. 
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(a) Mold set-up for the test injection 

 
(b) Test injected biochips 

Figure 12.  Test injection process and samples of polymeric LOC 

5. Conclusions 
In this study, injection mold core for micro-channel 

molding on the biochip were fabricated using micro end-
milling process. Micro rib filling experiments were per-
formed to evaluate the characteristics of polymers. Besides, 
the test injection process was performed using the fabri-
cated inserts and mold set. From the results of this study, it 
can be shown that the method can be applied for the mass 
production of biochips. The results of this study can be 
summarized as follows: 

(1). For reduction of micro burr, the low temperature cut-
ting process was proposed and the burr reduction efficiency 
of cutting process was verified by the micro cutting ex-
periments. 

(2). In micro end-milling process, the best surface 
roughness could be obtained at depth-of-cut was 100 ㎛ 
and federate was 50mm/min. Under the condition, surface 
roughness of Ra=31nm was obtained for the straight regions, 
and Ra=44nm for curved regions. 

(3). When tool diameter was 400 ㎛, better shape accu-
racy of the micro-channel could be obtained than the 200 ㎛ 
diameter tool. 

(4). Test injection process was performed successfully. 
Thus, it can be shown that the applied method can be a way 
for the mass production of biochips. 
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