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2:20pm  TF-ThA2  Resonant Infrared Matrix-Assisted Pulsed Laser 
Ablation of Electroluminescent Dendrimer Thin Films, R.D. Torres, 
University of Florida, S.L. Johnson, Vanderbilt University, J. Hwang, 
University of Florida, P.L. Burn, University of Queensland, Australia, R.F. 
Haglund, Vanderbilt University, P.H. Holloway, University of Florida 
The processing to create polymer thin films for organic light emitting 
diodes is limited to wet methods since molecular pyrolysis prevents the use 
of dry vacuum thermal evaporation methods. Wet methods have critical 
limitations such as poor thickness control, drying patterns, re-dissolution of 
previous layers, substrate limitations and others. In this work, a novel 
approach for the growth of thin polymer films, Resonant Infrared Matrix-
Assisted Pulsed Laser Ablation (RIM-PLA), has been studied as a possible 
dry conformal deposition method for electroluminescent polymers. RIM-
PLA was successfully used for the deposition of two model dendrimers: 
fluorescent and phosphorescent Ir-cored. A free-electron laser was tuned to 
the resonance frequency for the vibrational modes of two matrix solvents: 
toluene and chloroform. For chloroform, the alkyl C-H stretch (3.32 µm) 
and C-H bending (8.18 / 8.28 µm) modes were compared. For toluene, the 
C-H stretch (3.31 µm) and aromatic C=C stretch (6.23 µm) modes were 
compared. Targets made from flash-frozen, low-concentration solutions of 
the dendrimers were irradiated at each frequency while varying fluence and 
exposure times. The molecular structure integrity of the targets was 
characterized by NMR and FTIR spectroscopy, and MALDI-TOF 
spectrometry. The deposited film quality was characterized by surface 
roughness and topography measurements (AFM, stylus profilometry, 
optical/fluorescence microscopy), and luminance (photoluminescent spectra 
and quantum yields). The RIM-PLA deposited films were compared with 
films that were spin-coated from solution. It was found that the ablation 
characteristics of each mode were dependent on the solvent and not the 
dendrimer. Calculations from a thermal-rise model show that FEL pulsed- 
irradiation results in heating rates on the order of 108 – 109 K/s depending 
on the absorption coefficient of the selected mode. As a result, localized 
temperatures in the melted focal volume approach the solvent’s superheat 
limit (~0.8 Tc), leading to spinodal decay and subsequent phase explosion. 
I.e. ablation occurs via a rapid spontaneous homogeneous nucleation of 
vapor bubbles within the melted solvent, which in turn develops a 
shockwave that propagates and ejects different size droplets from the target 
surface. The size and the frequency of the droplets depend on the absorption 
properties of the selected mode. The deposited films' characteristics 
correlate well with the thermal-rise model. 

2:40pm  TF-ThA3  Etching Technology for Patterned Media used for 
Ultra High Density Hard Disk Drive, D.D. Djayaprawira, Shinde, 
Canon-ANELVA Corporation, Japan INVITED 
Patterning of magnetic recording media is one of the proposed approaches 
for extending magnetic storage densities beyond 1Tbit/in2. This approach is 
based on patterning the recording media into magnetically separated areas, 
which can be used for storing a single bit of information. Here we introduce 
the etching technology and equipment for discrete track recording media 
(DTM) mass-production. A unique requirement for magnetic recording 
media patterning system is that the system should be able to etch both sides 
of the media. Furthermore, since a typical media sputtering time in a 
process chamber is less than 4 seconds, a reasonably high etching rate 
approach is necessary. To this end, we developed reactive ion etching (RIE) 
and ion beam etching (IBE) modules based on inductive coupled plasma 
(ICP) source. The advantages of using the ICP source are the high density 
plasma 

and the plasma are confined within the cavity. The high density plasma 
contributes to high etching efficiency. The confined plasma minimized the 
interference of ICP sources and enable the mounting of RIE or IBE modules 
facing each other. Recent etching results using RIE and IBE modules will 
be presented, and the feasibility of our approach for mass-production of 
DTM will be discussed. 

3:40pm  TF-ThA6  Resonant Infrared Pulsed Laser Deposition of 
Organic Materials for Display Applications, H.K. Park, AppliFlex LLC, 
K.E. Schriver, R.F. Haglund, Vanderbilt University 
We report the resonant infrared pulsed laser deposition (RIR-PLD) 
technique for depositing novel, functional polymers, small organic 

molecules and nanoparticle-loaded polymers. Film deposition based on 
resonant infrared (RIR) laser ablation is enabled by resonant excitation of a 
localized, intra-monomer vibrational mode of the target material, such as a 
C-H stretch; this leads to low-temperature volatilization and deposition of 
undamaged small molecules, polymers and even nanoparticles. Because the 
mid-infrared photons used in this process have energies far below those 
required to break the bonds that connect monomer units, RIR laser 
irradiation ablates polymers without photofragmentation, unlike ultra-violet 
pulsed laser deposition (UV-PLD). In this paper, we will demonstrate 
successful RIR-PLD deposition of selected materials that are essential to 
organic light emitting diode (OLED) technology; (1) light emitting small-
molecule and polymer materials such as Alq3 (Tris(8-
hydroxyquinolinato)aluminium), MEH-PPV and conducting polymer 
PEDOT:PSS (Poly(3,4-ethylenedioxythiophene) poly(styrene sulfonate)); 
(2) polymeric barrier film such as cyclic olefin copolymer (COC) and 
Teflon®; and (3) nanocomposite materials based on TiO2 and metal 
nanoparticles that serve as brightness enhancement layers and transparent 
conducting electrodes.  

The deposited films are characterized by SEM (scanning electron 
microscopy) and FTIR (Fourier-transform infrared spectroscopy), photo- 
and electroluminescence. We will also present the comparison of film 
properties as they depend on different mid-infrared laser choices, such as a 
picosecond, tunable free electron laser (FEL), Er;YAG laser and picosecond 
optical parametric oscillator (OPO). 

4:00pm  TF-ThA7  Room Temperature Synthesis of Silica and SiO2-
TiO2 Composites for use as Barrier and Anti-Reflection Coatings, P.C. 
Rowlette, C.A. Wolden, Colorado School of Mines 
Thin film oxides are ubiquitous in photovoltaics, serving as transparent 
electrodes, passivation layers, optical coatings, and moisture permeation 
barriers. Pulsed plasma enhanced chemical vapor deposition (PECVD) was 
used to deliver digital control of SiO2, TiO2, and SixTiyOz composites at 
room temperature. Sub-angstrom control of SiO2 deposition rate was 
demonstrated by varying the SiCl4 density at low exposure levels (~250 L). 
No impurities were detected by XPS or FTIR, and the high film quality was 
confirmed by etch rate measurements. Crack-free SiO2 films have been 
deposited on polymer substrates, and we are currently assessing their barrier 
performance.  

Next, SiO2-TiO2 composites were formed by pulsed PECVD using SiCl4 
and TiCl4 as precursors. The refractive index of the SiO2-TiO2 material 
system spans a large dynamic range (n: 1.4 – 2.4), and as such is of great 
interest for optical coatings. Alloy formation was investigated by 
maintaining constant delivery of one precursor while varying the second. 
Film composition was assessed by spectroscopic ellipsometry, XPS, and 
FTIR. It is shown that the alloy composition and refractive index can be 
tuned continuously over this broad range using pulsed PECVD. These two 
precursors were found to be highly compatible, with the alloy growth rate 
simply reflecting the sum of the contributions from the two individual 
precursors. The digital control over both thickness and composition offered 
by pulsed PECVD was demonstrated through room temperature synthesis of 
antireflection (AR) coatings for crystalline silicon solar cells. One, two, and 
three-layer AR coatings based on the range of indices offered by the 
SiO2/TiO2 system were designed and optimized to minimize the reflectance 
across the visible spectrum. AR coatings based on these designs were then 
fabricated, and in each case the measured optical performance was found to 
be in excellent agreement with model predictions. The integrated 
reflectance across the visible spectrum was reduced from 39% for uncoated 
wafers to 2.5% for the 3-layer AR coating.  

4:20pm  TF-ThA8  Expanding Thermal Plasma Deposition of a-Si:H 
Thin Films for Surface Passivation of c-Si Wafers, A. Illiberi, V. 
Verlaan, M. Creatore, W.M.M. Kessels, M.C.M. van de Sanden, Eindhoven 
University of Technology, The Netherlands 
We investigated the material properties of expanding thermal plasma 
deposited a-Si:H thin films, providing a record-low surface recombination 
velocity of 1.6 cm/s (at injection level of 1 1015 cm-3). a-Si:H thin films with 
different thicknesses have been deposited at a high deposition rate (1.2 
nm/s) on both sides of low resistivity (1-5 Ohm cm), 260µm thick, n- and p-
type c-Si FZ wafers. The material properties of a -Si:H films have been 
characterized by Fourier Transform Infrared diagnostic and Spectroscopic 
Ellipsometry. The surface passivation of the wafers has been determined by 
photoconductivity decay measurements of the effective carrier lifetime. The 
investigation points out that the growth of ETP a-Si:H films begins with the 
formation of a thin porous layer (< 10 nm) with a refractive index of 3.9 (at 
2 eV) and a microstructure parameter (R*) of 0.50. Despite the open 
network formation at the a-Si/c-Si interface, a 7 nm a-Si:H film achieves a 
recombination velocity as low as 12 cm/s (at 1·1015 cm-3 injection level on 
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n-type wafers). The good passivation is probably due to the large hydrogen 
content of the a-Si:H film, which terminates dangling bonds present on the 
c-Si surface. After this initial growth, a dense a-Si:H network develops with 
a refractive index of 4.3 (at 2 eV) and R* = 0.03. The surface recombination 
velocity decreases linearly with the a-Si:H thickness, achieving a record 
value of 1.6 cm/s (at 1·1015 cm-3 injection level) for 90 nm thick a-Si film 
on n-type wafers. As compared to hot wire CVD and radiofrequency 
PECVD techniques, ETP is capable to deposit thin a-Si:H films with 
outstanding surface passivation at higher temperature (250° C) and higher 
deposition rate (1.2 nm/s). The stability in time of surface passivation has 
been investigated. Effective carrier lifetime is found to decrease following a 
stretched exponential. Photo-electronic properties of a-Si:H are know to 
relax in time in a similar fashion. These results therefore suggest a 
correlation between the photo-electronic properties of the a-Si:H/c-Si 
interface and a-Si:H bulk material. 

4:40pm  TF-ThA9  Effect of Oxygen Incorporation on the Properties of 
CdS/CdTe Interface and the Device Properties, R.G. Dhere, J.N. 
Duenow, S.E. Asher, Y. Yan, M. Young, T.A. Gessert, National Renewable 
Energy Laboratory 
The development of CdTe solar cells over the last 35 years has been 
advanced by introducing various modifications in the fabrication process 
such as post-deposition CdCl2 heat treatment and CdS deposited by 
chemical-bath deposition (CBD). The presence of oxygen during various 
stages of CdTe/CdS device fabrication is also known to benefit device 
performance. The first devices reported by Kodak to have efficiencies 
greater than 10% were fabricated by close-spaced sublimation (CSS) in 
oxygen ambient. CdCl2 heat treatment, crucial for achieving high efficiency, 
is usually carried out in ambient containing O2. In previous studies on 
devices fabricated using CBD CdS, CSS, and sputtering, the interdiffusion 
at the CdS/CdTe interface was correlated to the presence of O2 in CBD 
CdS. We have fabricated devices with sputtered CdS films that have 
efficiencies near 14%, comparable to our baseline devices using CBD CdS. 
In this paper, we present our recent work on CdTe devices using CdS 
prepared by sputtering and CBD. For sputtered CdS films, we varied O2 
content in the sputtering ambient from 0% to 3%. CdTe films were 
deposited by CSS in oxygen ambient and conventional physical vapor 
deposition in high vacuum. We will present detailed characterization of the 
CdS/CdTe interdiffusion at the interface. Specifically, we used secondary-
ion mass spectrometry for samples fabricated under different conditions to 
investigate the dependence of interdiffusion characteristics on oxygen 
ambient during fabrication. We will also present the results of our 
transmission electron microscopy analysis on the structural properties of the 
CdS/CdTe interface and its correlation to the microstructure of CdS 
deposited by both techniques as well as oxygen in the fabrication process. 
We will fabricate devices using the samples from these studies and 
characterize the devices using standard current-voltage analysis. We will 
then analyze the results to correlate the device properties to the interface 
properties. 

5:00pm  TF-ThA10  Large-Scale Simulations of Nanoimprint 
Lithography, M. Chandross, G.S. Grest, Sandia National Laboratories 
The production of surfaces with controllable/tunable nanostructures over 
large areas and at throughputs practical for commercial applications can be 
very difficult. Two processes of recent interest have been step-flash imprint 
lithography (SFIL) and nanoimprint lithography (NIL) in which nanoscale 
masks are imprinted into polymeric materials to create features with nm-
scale resolution. Empirical approaches are currently the norm for industrial 
scale-up but are often prohibitively time-consuming and expensive. 
Modeling and simulation can decrease manufacturing process design cycle 
time enormously, as has been proven in many industry segments.  

Here we present our activities specifically with regard to nanopatterning by 
detailed large-scale simulations of nanolithographical processes in which 
rigid molds are imprinted into liquid oligomers that are subsequently 
hardened. We use a generic polymer model that can be applied to both 
SFIL, in which the oligomers are cross-linked by exposure to UV 
irradiation, and NIL, in which the liquid is hardened by lowering the 
temperature below the glass transition. Multiple stamps are inserted into 
melts of liquid oligomers at a temperature above the glass transition. The 
melts are either quenched or croslinked and the systems are equilibrated. 
Stamps are then either removed at constant velocity to study the effects of 
stress and adhesion on resulting features, or simply deleted to study the 
effects in the limit of zero stress. We vary the size and pitch of the stamps in 
order to study the resolution limits of both methods. 

5:20pm  TF-ThA11  All through Stencil MOSFET Fabrication, L.G. 
Villanueva, O. Vazquez-Mena, EPFL, Switzerland, J. Montserrat, IMB-
CNM-CSIC, Spain, K. Sidler, V. Savu, EPFL, Switzerland, J. Bausells, 
IMB-CNM-CSIC, Spain, J. Brugger, EPFL, Switzerland 
The fabrication of micro and nano devices using standard processing 
techniques is mainly based on the pattern transfer of designs onto a 
substrate. These standard techniques use pre-patterned resists that 
selectively expose certain parts of the substrate either to material deposition 
or implantation or to an etching process. The use of resist processes implies 
the coating, exposure, development and removal of the resist and also 
imposes certain restrictions regarding the materials and substrates to pattern 
(e.g. only flat substrates are acceptable). An alternative to resist-based 
processes is the use of stencil lithography (SL), which relies on the use of a 
shadow mask membrane, and has already been proved to achieve sub-
micrometer resolution for metallization, and more recently for direct-
etching and ion-implantation. In this abstract we present the combination of 
the three mentioned techniques to fabricate Metal-Oxide-Semiconductor 
Field Effect Transistors (MOSFET). 

The proposed fabrication process flow of the MOSFETs follows the basic 
stages (Figure 1 in supplementary information) starting with a 100 mm 
diameter p-doped silicon wafer in which the n-doped regions for Source-
Drain definition are implanted through stencil. Subsequently, the gate oxide 
is grown in a process that also activates the impurities in the lattice. 
Contacts for Source and Drain are opened in the oxide by means of dry 
etching through stencil and, finally, metal pads are deposited through 
stencil. All the stencils used were fabricated using standard 
microfabrication techniques (i.e. resist based processes) in 100 mm 
diameter wafers. However, for better compatibility with the processing 
equipment during MOSFET fabrication, the wafers were cleaved and the 
stencils were used in chip size. 

Different designs were included in the fabrication: resistors, transistors and 
NOR gates. In addition, to demonstrate the capability of SL to pattern non 
conventional substrates, the transistors were fabricated not only on flat 
substrates, but also at the bottom of pre-patterned steps of 40 µm and 100 
µm (Figure 2 of supplementary information). 

The characterization shows that resistors have a linear I-V behavior. The 
square resistance decreases with the gap as expected (Figure 3, 
supplementary information). In addition, transistors also show the expected 
behavior (Figure 4, supplementary information), with a well defined 
saturation region. 

The presented technique proposes a new concept for the fabrication of 
electronic devices, allowing the fabrication of structures on pre-patterned 
surfaces with resolutions close to the micrometer, which can be of great 
utility for some specific applications. 
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