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ABSTRACT 

Polydimethylsiloxane (PDMS) elastomer has been widely 
used in various biological and medical applications.  However, 
high electrical impedance and poor adhesion to metal limit its 
further applications in the area of electrical sensing and flexible 
circuits.  In this paper, we first developed conductive 
photodefineable PDMS composites addressing both electrical 
conductivity and photopatternability.  The photosensitive 
composite, consisting of a photosensitive reagent, a conductive 
filler and PDMS pre-polymer, can be used as a regular photoresist.  
A standard photolithographic approach has been used to fabricate 
the conductive elastomer microstructures.  Highest conductivity of 
0.01 Ω·cm and minimal resolution of 10 µm have been achieved 
using the conductive PDMS composite.  

 
 

INTRODUCTION 
Polydimethylsiloxane (PDMS) elastomer has been widely 

used in a variety of academic and industrial applications, due to its 
unique physical and chemical properties.  With recent advances in 
soft lithography and polymer microelectromechanical systems 
(MEMS), PDMS has been constructed into a large array of micro 
and nano-scale devices for biological and medical applications [1-
3].  However, PDMS has high electrical impedance and poor 
adhesion to metal, which prevent its further applications in the area 
of electrical sensing and flexible circuits [4].  Moreover, molding 
method, commonly used to construct PDMS microstructures, 
creates fabrication compatibility and integration issues [3]. 

An alternative approach to PDMS processing is to make the 
PDMS pre-polymer sensitive to ultraviolet wavelengths by adding 
photoinitiators into it, and then, it can be directly photopatternable 
[5-7]. The photodefinable mixture of PDMS and a photoinitiator, 
which eliminates the need of a master mold and the issues related 
to molding, provides a more efficient way to rapid prototyping of 
polymer MEMS devices. 

To overcome the low electrical conductivity of PDMS, highly 
conductive fillers are usually introduced into the polymer matrix 
and provide continuous conductive pathways for electron 
migration, which greatly expands its usage to the field of electrical 
sensing and flexible circuits [8-13].  However, to our knowledge, 
the fabrication of those PDMS composite-based devices has only 
been achieved by using the traditional molding methods [3].   

In this paper, we first developed conductive photodefineable 
PDMS composites addressing both electrical conductivity and 
photopatternability at the same time.  Highest conductivity of 0.01 
Ω·cm and minimal resolution of 10 µm have been achieved using 
the conductive PDMS composite. 

 
 

EXPERIMENTAL 
The photosensitive composite, consisting of a photosensitive 

reagent, a conductive filler and PDMS pre-polymer, can be used as 
a regular photoresist.  To prepare the composite, the PDMS base 
and curing agent (Sylgard® 184) were mixed at 10:1 (w/w) ratio.  
Benzophenone (3 wt%) and silver powder (17–22 vol%, 2 μm) 
were added to the PDMS mixture and degassed for 15 minutes.  
The prepared PDMS-Ag photoresist mixture was then spin-coated 

onto a flat substrate (e.g., glass, silicon, polyester or silicone) for 
30 seconds.  The spin-coated wafer was loaded towards photomask 
in an approximate mode with 50 µm spacing.  Ten-minute UV 
exposure at 12 mW/cm2 was followed by a post-exposure bake for 
50 seconds at 120 °C.  Heavy UV exposure dosage (7200 mJ/cm2) 
was necessary to induce complete photochemical reactions under 
significant decay of light transmission by silver particles.  During 
the post-exposure bake, the unexposed region got fully crosslinked 
while the exposed region remains uncured.  The uncured PDMS 
was then removed in toluene for 5 seconds during the 
development.  Finally, the wafer was rinsed in 2-propanol and 
blow-dried in nitrogen flow. 

 
 

RESULTS AND DISCUSSION  
Spin Curve  

Figure 1 shows spin curves of different film thicknesses 
achieved at various spin rates and silver composition ratios. The 
thickness of the composite films can be controlled by variation of 
the spin coating speeds.  Adding silver powders into the PDMS 
matrix increases the thickness of the composite film as a result of 
viscosity change.  At 22 vol% or above of silver powder, the 
composite becomes highly viscous and is not able to achieve 
uniform coating.  
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Figure 1: Spin curves of the PDMS-Ag conductive photoresist at 
various spin rates and silver composition ratios. 
 
 
Resolution  

 Minimal feature size of 10 µm was successfully 
demonstrated using the photolithographic method in Figure 2.  The 
further miniaturization is limited by strong scattering of UV light 
from silver particles.   
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Figure 2: SEM photographs of the lithographic patterns of the 
conductive PDMS with various dimensions: (a) 150µm-wide holes, 
(b) 150µm-wide and 30µm-thick lines, (c) 10µm-wide line, and (d) 
MINISYS lab logo. 
 
 
Electrical Conductivity 

Electrical conduction mechanism is based on establishing 
electronic paths through the percolation and contacts between filler 
particles in the insulating matrix [14-17].  Increasing content of the 

conductive filler reduces the electrical resistivity of the PDMS 
composite matrix by adding more interconnected clusters of silver 
particles into conducting paths.  Figure 3 shows a sudden decrease 
of electrical resistivity at the percolation threshold around 18 vol%, 
compared with theoretic prediction of 16 vol% as a simple binary 
composites (assuming a simple binary composite with spherical 
particles distributed statistically) [18-20].   
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Figure 3: Electrical resistivity of the PDMS-Ag conductive 
photoresist versus silver volume fraction. 

 
 

Mechanical and Thermal Properties 
As a conductive filler, silver powders significantly improve 

electrical conductivity of the PDMS polymer, but also present 
enhanced mechanical and thermal properties as well as interesting 
surface properties.  Table 1 summarizes the mechanical and 
thermal properties of the PDMS-Ag conductive photoresist.  The 
silver particles in the PDMS matrix participate in physical 
crosslinking, and thus, greatly improve the mechanical strength of 
PDMS composites.  Significantly enhanced thermal conductivity 
of the composites is attributed to excellent thermal conductivity of 
the silver filler in the percolation path. 

 Mechanical bending and stretching tests have been performed 
to evaluate the stability of the conductive property.  The excellent 
elastomeric nature of PDMS allows extensive bendability and 
stretchability of the conductive polymeric film.  No apparent 
change in the electrical conductivity of the conductive film has 
been observed for both 100-cycle tests of 150o bending and 50 % 
stretching.  The result implies that well-established network of 
conductive paths through the percolation and contacts between 
filler particles in the PDMS matrix can be recovered after bending 
and stretching.  Further studies on the transient electrical properties 
under various mechanical loads are currently under investigation. 

 
 

Table 1: Properties of the PDMS-Ag conductive photoresist. 
Sample PDMS-Ag  
(vol % of Ag) 

0 17 19 21 

Hardness (Shore A) 49 63 67 72 
Tensile modulus (MPa) 1.3 2.7 3.0 3.2 
Elongation at Break (%) 58 59 58 57 
Thermal conductivity (W/m K) 0.2 71 76 81 
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Surface Properties 
 

 

 

 

 
 
Figure 4: Contact angle of water on cured PDMS-Ag photoresist 
surface with (a) 0 vol %, (b) 17 vol %, (c) 19 vol %, (d) 21 vol % 
silver powders. 
 
 

Figure 4 shows water contact angles of the composite 
surfaces.  The measured contact angles of the PDMS surfaces 
containing 0, 17, 19 and 21 vol % silver powder are 109°, 119°, 
127° and 131°, respectively.  Thus, adding silver powder 

substantially changes the contact angle of the PDMS surfaces, 
which become more hydrophobic than that of the pure PDMS.  The 
increased surface hydrophobicity results from the high surface 
roughness of the formed PDMS-Ag composites, as shown in 
Figure 5.  
 
 

 

 

 

 
 

Figure 5: SEM morphology of the cured PDMS-Ag photoresist 
surface with (a) 0 vol %, (b) 17 vol %, (c) 19 vol %, (d) 21 vol % 
silver powders. 
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MEMS Application 
Figure 6 demonstrates a prototype of a micro sensing array 

fabricated from the PDMS-Ag conductive photoresist.  It is first 
patterned as both sensing components and connecting circuitry 
onto a pure PDMS flexible substrate (Fig 6-a).  And then, two 
sides of the sensing circuits are folded over, aligned with the aid of 
surrounding alignment marks, and covalently bonded through free 
radical reactions generated in oxygen plasma (for 30 sec at 30 W) 
(Fig 6-b).  
 
 

 
 
Figure 6: Prototype of a micro pressure sensing array using 
PDMS-Ag conductive photoresist.  (a) single-layer process of 
PDMS-Ag on PDMS layer, (b) the folding-bonded micro-sensing 
chip. 

 
 

CONCLUSIONS 
In this paper, the first conductive photodefineable PDMS 

composites is developed addressing both electrical conductivity 
and photopatternability at the same time.  A standard 
photolithographic approach has been used to fabricate the 
conductive elastomer microstructures.  Highest conductivity of 
0.01 Ω·cm and minimal resolution of 10 µm have been achieved 
using the conductive PDMS composite.  As a conductive filler, 
silver powders significantly improve electrical conductivity of the 
PDMS polymer, but also present enhanced mechanical and thermal 
properties.  The combined electrical, mechanical, and thermal 
properties along with photopatternability make the 
photopatternable conductive PDMS an excellent processing and 
structural material for various MEMS applications.  
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