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Introduction 

Direct-writing techniques for metallic patterns in microelectronics and
micro-electromechanical systems (MEMS) have attracted a lot of 
interest due to their huge potential in reducing the process time and cost 
in manufacturing [1]. Many different mechanisms have recently been 
employed by researchers (see chart), they can be divided into four 
categories and have a common aim of eliminating the requirement for 
any vacuum facilities used in other deposition techniques such as 
evaporation, sputtering or laser direct-writing in the vapour phase.

Experimental

First Results

Assisting coating:
Spin-coating of the functional polymer onto the modified 
substrate.

UV direct-writing:
(i) Hg lamp (� = 250 nm – 450 nm, I0 = 440 mW cm-2) 
was used with a photomask.
(ii) A 375 nm, continuous wave laser, P = 15 mW, was 
used to direct-write tracks.

Post-exposure treatment:
Washing in 1% H2SO4,
Reimidization of the modified substrate at 300oC for 2 h.

Conclusion and Further Work
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At slow laser scan, faint shadow can be seen on both sides of the track.  
Fast laser scan produced a track with good definition.

Direct-writing of silver tracks on polyimide was successfully performed with a novel functional polymer coating method onto the surface-modified 
polyimide.  Characterisations of the quality of the deposit and the influence of the various input parameters are underway.  The as-deposited silver 
can be used as a seed for subsequent electroless plating.  The integration of this method can be envisaged for fabrication of more complex 
metallic microstructures.

While most of these techniques are carried out in the liquid 
phase, the surface modification route allows the patterning 
step to be performed in air, hence overcoming the resolution 
issue arisen from light diffraction. Within the surface 
modification category, a photo-driven process is more
favorable over the thermal and ink-jet printing
techniques since the heat diffusion and the wettability issues arisen 
respectively are avoided, thus more defined metal tracks can be 
achieved.  In addition, undesirable machining of the substrate can be 
resulted in thermal driven processes.

A novel direct-writing method by photoreduction of adsorbed ions 
on surface-modified polyimide substrates is present ed.  By 
utilizing an additional functional polymer coating, a fast and 
flexible writing process can be achieved. Chart:  Overview of current techniques for direct-writing of metals (non-vapour phase).  

Surface modification and ion-exchange treatment:
(i) Immersion in 5 M KOH at 50oC for 5 min.
(ii) After rinsing, immersion in 100 mM AgNO3 at room 
temp. for 30 min.
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Top left: Photodeposition by Hg lamp for 30 min.  Middle: Circular track with radius r = 1 mm written by 
laser at scan rate = 74.5 � m s-1.  Bottom left: Magnified image of middle picture.  Right:  Magnified 
image of a track written at 10 times faster rate at 745 � m s-1.

Latest Results
Top:  Scanning electron 
microscopy (SEM) showed 
the laser direct-written track 
with a line width of just over 
5 � m.

Middle:  Higher SEM 
magnification showed the 
morphology of the track 
consisting of visible Ag 
particles ranging from 100 –
700 nm.  This rough surface 
track has a line width of just 
over 3 � m.

The shadow on both sides of 
the main track is the result of 
the Gaussian shaped laser 
beam. The lower power 
intensity near the edge of the 
beam caused a less effective 
nucleation and growth of the 
photoreduced Ag atoms.  The

high surface area Ag nanoparticles 
formed on the main track area can 
serve as an active seed layer for 
electroless plating.

Bottom:  Electron Probe 
Microanalysis (EPMA) showed the Ag 
concentration map of the sample.


