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Abstract: Ion beam irradiation was adopted for surface treatment of the micro punch manufactured by precision machining. Ar 
plasma was used for the ion irradiation process, which was generated by the electron cyclotron resonance(ECR) equipment. The 
surface finish processes of micro punch were carried out at irradiation angles of 45˚ and 10˚, respectively. The surface roughness and 
topography were measured to estimate the quality of surface finish. The results show that the ion irradiation is very effective to 
reduce the surface roughness, which can be improved more significantly at irradiation angle of 10˚ than at 45˚. The technology of 
surface finish with ion beam irradiation is suitable for the surface treatment of micro die. 
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1 Introduction 
 

With the development of micro-electro-mechanical 
systems(MEMS), the micro parts are widely required in 
extremely high numbers, in particular for electronic 
technology, medical equipment, sensor technology and 
optoelectronics. Micro-forming is well suited to the 
fabrication of microparts with features in sub-millimeter 
range, in particular for mass production and productive 
efficiency[1−3]. Compared with other manufacturing 
technologies, micro-forming has features in specific 
economical advantages and high production quality. 
However, it becomes obviously that the basic problems 
on micro-forming, such as materials, processes, tools and 
machines have not been completely solved at this time 
[4−7]. The technologies of fabricating the micro die with 
the feather of sub-millimeters play an important role in 
micro-forming[8−10]. For micro die, the improvements 
of surface roughness and mechanical properties are 
important to protect from wear and damage due to the 
size effect of micro-forming. However, the conventional 
surface lapping method including hand-lap based on the 
contact process is difficult to obtain high surface quality 

in size of sub-millimetres and surface roughness of 
several nano-meter due to the size of micro die. 
Therefore, the establishment of surface treatment process 
could be one of the most important processes for the 
fabrication of micro die. At present, in order to improve 
the wear and mechanical properties, high-energy ion 
beam was used to deposite very thin coating layer on the 
machine parts[11−13]. YANG and ASAKO[14] and 
NAKANO et al[15] investigated the surface finish of 
micro die using irradiation of ion beam on the die and the 
results showed that ion irradiation could effectively 
reduce the surface roughness. 

In this work, a non-contact surface finish process 
was investigated with high-energy ion irradiation to 
improve the surface quality of micro punch, and the 
surface properties of micro punch were evaluated with 
surface topography and roughness. 
 
2 Experimental 
 

The round micro punch was manufactured by 
precise machining and grinding, the photos are shown in 
Fig.1. The diameter of leading edge of micro punch was 
0.50 mm. The surface roughness was measured by a 
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Fig.1 Photos of micro punches: (a) Overview of micro punch;  
(b) Leading edge 
 
confocal scanning lazer microscope (Olynpus Co., 
OSL-3000) and the Rz value was 0.8−1.0 µm. The 
surface quality does not satisfy the micro punching 
process, so the surface finish of micro punch was needed 
to meet the demands of micro-forming technology. 

A compact of ECR plasma ion shower equipment 
(Elionix Inc., EIS-200ER) was used for the ion 
irradiation of micro punch. The configuration of ion 
irradiation equipment is shown in Fig.2. During the ion 
irradiation, the atoms or molecules are sputtered on the 
very area by the irradiating plasma with certain energy 
on the surface of the micro punch. The sputtering rate not 
only depends on the atomic mass and chemical bond of 
the material, but also relates to the energy, density and 
incident angle of the ions. In the test, the conditions of 
ion irradiation were adopted as shown in Table 1. The ion 
irradiation angles of 45˚ and 10˚ were used in the test, 
respectively. The micro punch was rotating at a certain 
rotational speed during ion irradiation. Three kinds of ion 
irradiation time were 30, 60 and 120 min. The surface 
roughness was measured to evaluate the surface quality 
of micro punch after ion irradiation. 
 

 
Fig.2 Configuration of ion irradiation equipment 

Table 1 Conditions of ion beam irradiation 

Ion beam condition Value 

Species of gas Ar 

Accelerating voltage/V 800 

Degree of vacuum/Pa 4×10−3 

Ion current density/(mA·cm−2) 1.2 

Irradiation angle/(˚) 45, 10 

Irradiation time/min 30, 60, 120 

 
3 Results and discussion 
 

Fig.3 shows SEM images at the leading edge of 
micro punch after ion irradiation at 45˚. The results show 
that the shape of the lapped suface becomes small. 
Compared with no surface finish, the surface quality can 
be improved significantly after irradiation for 120 min. 
However, some area of the surface still looks coarse. 
Therefore, the irradiation angle of 10˚ is used to improve 
the effect of ion irradiation as shown in Fig.4, which 
shows that the surface quality can be improved much 
more effectively. 
 

 
Fig.3 SEM images of leading edge of micro punch at 
irradiation angle of 45˚ before (a) and after irradiation time for 
120 min (b) 
 

The results of improvement of surface roughness 
with irradiation time by surface finish of micro punch at 
different irradiation angles are shown in Fig.5, which 
indicates that the surface roughness can be improved 
under all the irradiation conditions. Therefore, ion 
irradiation is an effective process for reduction of surface 
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Fig.4 SEM images of leading edge of micro punch at 
irradiation angle of 10˚ before (a) and after irradiation for 120 
min (b) 
 

 
Fig.5 Curves of surface roughness (Ra and Rz) of micro 
punching vs irradiation time at different angles 
 
roughness of the micro die. Meanwhile, the value of Rz 
of surface roughness at irradiation angle of 10˚ can be 
improved much more effectively than that at irradiation 
angle of 45˚, and the value of Ra of surface does not 
decrease significantly at both irradiation angles. 

In order to explain the result of ion irradiation, R* 
was used to evaluate the surface roughness by[14]  

0

0*

R
RRR i−

=                                 (1) 
 
where Ri is the surface roughness after ion irradiation, R0 
is the surface roughness before ion irradiation and R* is 
the improvement ratio of surface roughness. 

The ratio of the surface roughness to the irradiation 
time is shown in Fig.6. The results show that the value of 
R* increases with increasing irradiation time, and it 
changes a little at irradiation time of 60 min and 
irradiation angle of 45˚. At irradiation time of 120 min 
and irradiation angle of 10˚, the Ra and Rz values of the 
surface roughness decrease more than 25% and 32%, 
respectively. Compared with the results, the 
improvement ratio is less than 10% and the surface 
roughness is improved less effectively at irradiation 
angle of 45˚. 
 

 
Fig.6 Improvement ratio of Ra (a) and Rz (b) to irradiation time 
at irradiation angle of 10˚ and 45˚: (a) Ra vs time; (b) Rz vs time 
 

In order to analyze the reasons, the compositonal 
measurement of micro punch after ion irradiation was 
carried out by Elionix's SEM equipment (Elionix Inc., 
ERA-8900) with a unique function of summation as 
shown in Figs.7 and 8. The results show that the surface 
topograph can be improved smoothly after ion irradiation 
and the cavities in the micro punch can be decreased 
with increasing irradition time. However, the irradiating 
rate is not the same between the two kinds of irradiation 
angles. The surface finish is much more effctive at 
irradiation angle of 10˚. The surface topography becomes  
smooth and the cavities decrease significantly after 
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Fig.7 Compositional images of micro punch after irradiation at incident angle of 45˚ for different irradiation time: (a) 0; (b) 30 min; 
(c) 60 min; (d) 120 min 
 

 
Fig.8 Compositional images of micro punch after irradiation at incident angle of 10˚ for different irradiation time: (a) 0; (b) 30 min; 
(c) 60 min; (d) 120 min 
 
irradiation at 10˚ for 30 min. Moreover, some small 
grooves are sputtered when the micro punch has been 
irradiated for more than 1 h as shown in Figs.8(c) and (d). 
However, the surface topography has not changed 
obviously at irradiation angle of 45˚ as shown in Figs.7(c) 
and (d). 

The composition analysis results also confirm the 
result that the surface roughness can be improved more 
effectively at 10˚ than that at irradiation angle of 45˚. 
Because the surface of micro punch is accidented and 
contains a lot of rough peaks and valleys. During the 
irradiation, the irradiating plasma is sputtering the peaks 
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and valleys on the surface of micro punch. However, 
more plasma can sputter the peaks at irradiation angle of 
10˚ than that at 45˚. Therefore, the sputtering rate of ion 
irradiation at irradiation angle of 10˚ is much higher than 
that at 45˚. 
 
4 Conclusions 
 

1) The ion irradiation can decrease the surface 
roughness and improve the surface quality of micro 
punch. 

2) The irradiation angle has a great influece on 
surface finish. The efficiency of surface finish can be 
increased if proper incident angle is applied. The surface 
roughness can be improved more effectively at 
irradiation angle of 10˚ than at 45˚. 
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