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1. Introduction 

We use our knowledge and skills on laser science 
to fabricate the functional materials and probe the 
associated dynamics without perturbing the various 
processes. This year we have developed two different 
techniques: The first one is to fabricate Ni electrodes 
with enhanced performance for hydrogen evolution 
reaction (HER) and the second one is to fabricate 
high quality holes/lines for various purposes includ-
ing the micro/nano-structuring of electrodes.  
 
2. Efficient hydrogen evolution reaction with Ni 

electrodes textured by nanosecond laser pulses 
  Efficient production and use of hydrogen gas is 
one of the important means for renewable energy 
production. Water electrolysis using renewable en-
ergy is a practical and cost-effective way to produce 
hydrogen gas. In particular, alkaline water electroly-
sis (AWE) has a certain advantage that non-noble 
metals such as Ni, Fe, or their alloys can be used for 
electrodes and catalysts. Among others Ni has a very 
nice resistance against corrosion for AWE.  
    To attain the high efficiency of hydrogen evolu-
tion reaction (HER) through AWE texturing the sur-
face of the electrode or the catalyst layer is one way, 
where the purpose of texturing is to enlarge the elec-
trochemical surface area (ECSA) without/with the 
additional functionalization of the surface. Several 
recent works report the texturing of electrode surface 
by femtosecond laser with improved electrochemical 
performance. The main drawback of the use of 
femtosecond laser texturing is its cost and long pro-
cessing time. A nanosecond laser system is much 
lower than that of a femtosecond laser system, and if 
nanosecond laser texturing of electrodes works well, 
it can be a practical alternative to fabricate the effi-
cient electrode. To our knowledge there are no stud-
ies on nanosecond laser texturing of electrodes for 
efficient HER.  
    The purpose of this work is to perform nano-
second laser texturing of Ni electrodes under the dif-
ferent conditions, and study their electrochemical 
performance.  
  We employ a nanosecond MOPA fiber laser at the 
wavelength of 1064 nm and a nanosecond DPSS la-
ser at the wavelength of 355 nm to texture the Ni 
substrates. Hereafter we call them near-infrared 

(NIR) and ultraviolet (UV) lasers, respectively. We 
texture the Ni substrates by nanosecond NIR and UV 
lasers in three different ambient gases, air, N2, and Ar 
at 2 atm, and study their electrochemical perfor-
mance for HER by taking the polarization curves and 
compare them with that of polished Ni electrode 
(roughness Ra~5 nm).  
  Figure 1(a) shows the IR-corrected polarization 
curves for the NIR laser-textured electrodes in dif-
ferent ambient gases. We notice that the NIR@Air 
electrode shows the smallest overpotential. The main 
reason for this can be understood from the corre-
sponding SEM images shown in Fig. 1(b), where the 
NIR@Air exhibit the most complicated cauliflow-
er-like micro/nano-structures arising from the oxida-
tion and hence volume expansion of the micro struc-
tures to result in cracks. Figure 2(a) shows the similar 
results for the Ni electrodes textured by UV laser. 
Different from the results for NIR laser texturing, 
UV@N2 and UV@Ar show the smallest overpoten-
tial. Again, the main reason for this can be under-
stood by the inspection of the corresponding SEM 
images (Fig. 2(b)): The UV@N2 and UV@Ar elec-
trodes exhibit very fine micro/nano-structures which 
enhances the ECSA by more than several tens of 

Fig. 1 (a) Polarization curves for HER by Ni elec-
trodes textured with NIR (1064 nm) laser in air, N2, 
and Ar gas. (b) SEM images of the NIR laser textured 
Ni electrodes.  
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times. The SEM image of the UV@Air electrode 
shows less micro/nano structures because the volume 
expansion associated with oxidation collapses the 
very fine structures to result in the reduced ECSA 
compared with those of the UV@N2 and UV@Ar 
electrodes. We have also tested the durability of the 
fabricated Ni electrodes to find that the electrode 
textured by UV laser is most durable (Fig. 3). 
 
3. Fabrication of depth-controlled high quality 
holes and lines on a metal substrate by picosecond 
laser pulses 
  To add some functions through materials pro-
cessing is one of the important technologies in mate-
rials science. In particular, laser processing is a sim-
ple technique that is applicable in both dry and wet 
environments. The underlying mechanism of laser 
processing is of course laser ablation. As well known, 
the use of ultrafast lasers has a clear advantage to re-
duce the thermal effect. However, this holds only for 
the single shot process, and if the hole/line is fabri-

cated on a metal substrate by multiple ultrafast laser 
pulses, the formation of ablation rims is inevitable 
even with ultrafast laser pulses. 
    Based on the above thoughts we propose a sim-
ple idea to use a metal substrate with a thin metal 
film rather than a bare metal substrate to fabricate 
high quality holes/lines. Because the interface be-
tween the metal film and metal substrate is not me-
tallically bonded, the metal film may be selectively 
blown out by the single laser pulse at a much lower 
laser fluence than that in the case of a bare metal 
substrate. As a result the metal substrate remains in-
tact to show a flat metal surface with a nearly vertical 
sidewall.  
    We use mechanically polished Ni substrates 
with and without 80 nm Ni films as targets to fabri-
cate holes and lines by picosecond laser pulses at 532 
nm. Figure 4 shows that we can fabricate a high 
quality hole on the Ni substrate with a Ni film. Fab-
rication of high quality lines is much more challeng-
ing, since it requires multiple irradiation of laser 
pulses to form a line, and every single laser pulse can 
produce a very small thermal effect to deteriorate the 
quality of lines. Nevertheless, we are able to fabricate 
high quality limes only if we choose the appropriate 
laser fluence to minimize the thermal effects, as 
shown in Fig. 5. It is very interesting to point out that 
the slope of the sidewall of the line fabricated on a Ni 
substrate with a Ni film is nearly vertical with an ex-
tremely flat bottom, as shown in the right panel of 
Fig. 5. 
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Fig. 2 (a) Polarization curves for HER by Ni elec-
trodes textured with UV (355 nm) laser in air, N2, 
and Ar gas. (b) SEM images of the NIR laser 
textured Ni electrodes.  
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Fig. 3 Chronopotentiometric curves for the HER 
at the current density of -10 mA/cm2.  

Fig. 4 False-colored morphologies and corre-
sponding cross-sectional view of the fabricated 
holes on the Ni substrates (a) without and (b) 
with Ni film (thickness 80 nm) 

(b) 

Fig. 5 False-colored morphologies and corre-
sponding cross-sectional view of the fabricated 
lines on the Ni substrates (a) without and (b) with 
Ni film (thickness 80 nm) 
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