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ABSTRACT 
 
Micro direct alcohol fuel cell (µDAFC), a type of micro 

fuel cell, is an alternative energy resource which generates 
electricity without fuel combusting.  The micro fuel cell 
normally contains three parts of microchannels, electrodes, 
and proton exchange membrane (PEM).  By using a 
stainless steel as the substrate, this work is introducing deep 
X-ray lithography (DXL) for the fabrication of the 
microfluidic system.  DXL, the most important processing 
step of the LIGA technique, allows on-demand 
manufacturing of microstructures.  Based on a radiation 
sensitive polymer material, DXL processes provide a 3D 
master microstructure on a stainless steel substrate, which 
in general is reproduced in subsequent nickel electroplating 
and molding processes.  This report gives a detailed 
description of DXL using a 25 µm-thick silver X-ray mask 
and presents a nickel electroplating to provide a nickel 
molding on a stainless steel substrate. 
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1 INTRODUCTION 
 
Micro direct alcohol fuel cell (µDAFC) is an alternative 

green energy resource which directly generates electricity 
from alcohol without combustion [1].  The µDAFC 
contains three parts of microchannels, electrodes, and 
proton exchange membrane (PEM) as shown in Figure 1.  
On the µDAFC, we are focusing the interface between the 
alcohol feed and the PEM microstructure.  In the 
fabrication of PEM microstructure, microfabrication 
techniques are required.  X-ray lithography, one technique 
in LIGA process (German acronym for Lithographite, 
Galvanoformung, and Abformung) [2-4], can be used to 
fabricate a microchannel mold for casting PEM.  The key of 
X-ray lithography is to provide an accurate patterned X-ray 
mask.  The X-ray exposure using the silver X-ray mask 

gives high and accurate penetration into SU-8 photoresist 
on stainless steel substrate, giving a SU-8 template with 
vertical side walls.  By electroplating, nickel is filled into 
the SU-8 template.  The electroplated nickel adhered on the 
stainless steel is used as a metallic microchannel mold.  In 
this work, we aimed to describe the fabrication of the X-ray 
mask and the metallic microchannel mold based on X-ray 
lithography and nickel electroplating. 
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Figure 1 : Scheme of a micro direct alcohol fuel cell 
 
 

2 EXPERIMENTS 
 

2.1 Fabrication of X-ray Mask  

The X-ray mask could be fabricated by UV lithography 
and electroplating [5-6].  In the fabrication of X-ray mask, 
the transparent membrane (polyester sheet) was placed on 
the stainless steel holder and the fabricating steps are shown 
in Figure 2.  After coating the thin film of Ti/Ag onto the 
transparent membrane, AZ P4620 photoresist was 
employed as an X-ray absorber template through the UV 
lithography process as shown in Figure 2(a)-2(c).  Silver 
was slowly electroplated onto the template with current 
density of 1 mA/cm2 as shown in Figure 2(d).  After 
stripping AZ  photoresist layer, the finished X-ray mask 
with silver micropattern was obtained as shown in Figure 
2(e).   

 

NSTI-Nanotech 2012, www.nsti.org, ISBN 978-1-4665-6275-2 Vol. 2, 2012400



 

Figure 2 : Fabrication process of the silver X-ray mask 
using UV lithography and silver electroplating 

 

 
 

Figure 3 : Fabrication process of the metallic microchannel  
mold using X-ray lithography and nickel electroplating 

 
 

2.2 X-ray Lithography and Nickel 
Electroplating in the Fabrication of Metallic 
Microchannel Mold  

The X-ray lithography was performed at Beamline 6a: 
Deep X-ray Lithography (BL 6a: DXL), Synchrotron Light 
Research Institute (Public Organization), Thailand.  This 
beamline provides low energy X-ray for the lithography of 
SU-8 photoresist to fabricate microstructures.  In the 
fabrication process of the metallic microchannel mold as 
shown in Figure 3.  The stainless steel substrate was 
polished, washed, dried as shown in Figure 3(a) and then 

coated with titanium thin film at the thickness of about 50 
nm using the thermal evaporation technique.  The titanium 
layer is between SU-8 photoresist and stainless steel 
substrate as shown in Figure 3(b).  The SU-8 photoresist on 
the stainless steel substrate was softly baked until dried.  
Under X-ray exposure as shown in Figure 3(c), the silver 
X-ray mask was placed on the SU-8 photoresist layer.  
Afterwards, the SU-8 photoresist was kept in ambient 
atmosphere for at least an hour and then postbaked at 65oC, 
1 min and 95oC, 15 min.  In the postbake process, SU-8 
photoresist would cross-link in the X-ray exposed area 
which became insoluble during development.  The 
insoluble SU-8 photoresist area was employed as a SU-8 
microchannel mold template as shown in Figure 3(d).   

Normally, it is very difficult to electroplate nickel onto 
the surface of stainless steel because of the formation of a 
non-conductive oxide layer.  To improve adhesion on 
stainless steel, Wood’s strike process, involving reverse 
nickel electroplating in Wood’s nickel electrolyte bath, was 
used to remove the oxide layer and coat a very thin nickel 
layer on stainless steel surface [7].  In the nickel 
electroplating, the microchannel mold template was soaked 
in 5%v/v hydrogen fluoride (HF) for 5 minutes to etch 
titanium adhesive layer and then soaked in DI-water.  
Afterwards, the workpiece was direct current (DC) reversed 
electroplating for 10 minutes at current density of 25 
mA/cm2 in a 10% v/v sulfuric acid electrolyte solution.  By 
connecting with power supply, the workpiece acted as an 
anode and platinum was a cathode.  Then, the workpiece 
was rinsed by DI-water and suddenly treated with Wood’s 
strike process.  The Wood’s strike electrolyte bath 
contained 240 g of nickel chloride (NiCl2·6H2O), dissolved 
in 125 milliliters of concentrated hydrochloric acid (HCl) 
and diluted to one liter by DI-water.  The Wood’s strike 
was done in 2 steps.  Firstly, the workpiece was reverse 
electroplated for 2 minutes at current density of 25 mA/cm2 
to remove its oxide layer and secondly, it was forward 
electroplated for 5 minutes with current density of 5 
mA/cm2 and coated with the thin electroplated nickel layer.  
After that, the workpiece was suddenly forward 
electroplated in nickel sulfamate electrolyte bath without 
rinsing.  The nickel sulfamate electrolyte bath contained 
300 g of nickel sulfamate (Ni(NH2SO3)2), 6 g of nickel 
chloride, (NiCl2·6H2O), and 30 g of boric acid (H3BO3), all 
dissolved in DI-water and diluted to one liter.  The nickel 
electroplating was slowly loaded with current density of 10 
mA/cm2 at 60oC until electroplated nickel was overfilled a 
microchannel mold template as shown in Figure 3(e).  The 
workpiece was polished to remove the overfilled 
electroplated nickel and then etched by the O2/CF4 plasma 
(with ratio of 4:1) for removing SU-8 photoresist.  Finally, 
the microstructure of the metallic microchannel could be 
obtained as shown in Figure 3(f). 
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3 RESULTS 
 

3.1 Fabrication of X-ray Mask  

The silver X-ray mask (Figure 4(a)) was consisted of 3 
parts; a stainless steel frame, a transparent polyester sheet, 
and the pattern of silver microchannel as shown in Figure 
4(b).  The pattern was obtained the thickness of about 25 
µm.   
 

(a) 

(b) 

25
 u

m

Figure 4 : Silver X-ray mask (a) the top-view of the silver 
X-ray mask and (b)  the drawing of the silver X-ray mask 

(not scaled) 

3.2 X-ray Lithography and Nickel 
Electroplating in the Fabrication of Metallic 
Microchannel Mold 

For the template of the SU-8 microchannel mold as 
shown in Figure 5, the workpiece shows the microchannel 
mold with vertical side walls.  The template obtained by the 
X-ray lithography showed the microstructure of SU-8 
photoresist attached on a stainless steel substrate and the 
white thin film was the remaining of insoluble SU-8 
photoresist after development.  The thin film could cause a 
defect in electroplated nickel on the stainless steel substrate 
and should be removed by O2 plasma prior to nickel 
electroplating. To improve the adhesion between 
electroplated nickel and the stainless steel substrate, the 
reverse electroplating in sulfuric acid solution could remove 
residual oxides and create roughness on the stainless steel 
surface.  The roughness could not be observed by naked 
eyes [7].  However, after overetching by sulfuric acid and 
applying the current density of over 25 mA/cm2, the 
roughness would be visible, as shown in the Figure 6(a) - 
6(b).  Another failure during nickel electroplating process 
was nickel holes as shown in Figure 6(c) obtained from 
small bubbles in microchannel template.  Thus, to avoid 
these bubbles, the SU-8 microchannel mold template was 
vacuumed until all bubbles were removed. 

 

 

Figure 5 : SU-8 microchannel mold template for nickel 
electroplating 

(a) (b) 

(c) 

SU-8 resist
Nickel hole

Figure 6 : Failures in metallic microchannel mold (a) the 
workpiece with defects (b) large cavities in the defected 

area and (c) holes in the metallic microchannel mold 

(a) (b) 

 
(c) 

Figure 7 : The metallic microchannel mold (a) the nickel 
microchannel pattern (b) the vertical wall in the metallic 

microchannel mold and (c) the drawing of metallic 
microchannel mold (not scaled) 

Finally, the 100 µm-wide metallic microchannel mold 
was obtained as shown in Figure 7(a).  The Figure 7(b) 
showed the vertical wall in the metallic microstructure on 

White thin film 
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the stainless steel substrate.  The microstructure of 
electroplated nickel microchannel had its thickness about 
410 µm as shown in Figure 7(c).  The results showed that 
the electroplated nickel was excellently attached to the 
stainless steel substrate.  In the further study, this metallic 
microchannel mold was replicated by polydimethylsiloxane 
(PDMS) in soft lithography.  PDMS channel from soft 
lithography was employed as a mold [8] for casting proton 
exchange membrane, a part of micro direct alcohol fuel cell 
(µDAFC). 

 
4 CONCLUSION 

 
The fabrication of the metallic microchannel mold on 

the stainless steel substrate was successfully demonstrated 
using X-ray lithography and nickel electroplating.  Because 
of the surface treatment techniques, including the reverse 
electroplating in sulfuric acid solution and Wood’s strike 
process, to provide the adhesive interface between 
electroplated nickel and stainless steel, the electroplated 
nickel microstructure was fabricated on the stainless steel 
substrate.  The metallic microchannel mold was obtained 
after nickel electroplating at low loading current density 
and removing the SU-8 photoresist template with O2/CF4 
plasma.  
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