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Exposure Tool Cost
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Includes historical data for both steppers and scanners of all 

makes and models from various manufacturers including 

ASET, ASML, Cameca Instruments, Censor AG, Canon, Eaton, 

GCA, General Signal, Hitachi, Nikon, Perkin-Elmer, SVGL, 

and  Ultratech.
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 E U V ?



Is EUV the solution?

…EUV tools will have such a large carbon footprint that they will be 

environmentally unsound. Chipmakers using EUV systems will need "a 

nuclear power plant next to the fab, and a cooling facility that can 

provide hundreds of liters per minute," Burn Lin said. 
IEDM, 2009

Source: EUVA 



Rising Cost of Wafer Fab Vs. GNPs
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Nanoimprint Lithography

Solid-State Electronic Lab

University of Michigan 

• NIL was developed to address issues in 
nanopatterning:

- Resolution

- Throughput

- Cost



CMOS Circuit & Application

32nm Logic32nm half-pitch

28nm half-pitch 32nm Metal 1 41nm SRAM

40nm DRAM

12.5 nm half pitch resist pattern                

approaching 1Tb/sq in



Environmental and Energy Crisis



Organic Solar Cell: ideal structure for

charge separation and charge transport



Nanoscale interface for enhanced efficiency of OPV

Kim, et al.  Appl. Phys. Lett. 2007



 Device structure

Glass
ITO or semitransparent Au 

PEDOT:PSS (conductive)

P3HT:PCBM 1:0.8

Al (100nm)

Transparent electrodes for OLEDs and OPVs

<STME with 120nm line-width>

<Nanoimprint mold>

Myung-Gyu Kang, Adv. Mater. 2008
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Increase Efficiency by surface plasmon excitation 

ITO

35 % improvement in energy efficiency

Myung-Gyu Kang, Ting Xu, et al Submitted, 2009



Many Potential Applications

• Data storage 

• Broadband AR coating for LCD display

– motheye biometic (<.1% Refl)

• Biotech:

– fluorescent enhancement, SERS substrate

• Filtration & separation membranes

• LCDs: polarizers, liquid crystal alignment

• LEDs, solid state lighting

– Photonic crystal structure to extract light

• Organic Solar Cells

• Negative Index metamaterials at optical frequency



Roll to Roll Nanoimprint Lithography (R2RNIL)

Metal Evaporator

Backup 

Roller

Heating  or UV source
Web

Coating Process

Vacuum chamber

A

B

C

Imprint Process

Metal deposition

Process

Adv. Mater. 2008



Results: Continuous UV R2RNIL on plastic 

Period: 700nm

Linewidth: 350nm

Total Length: 570mm 

Adv. Mater. 2008



Results: UVR2R 200nm / 100 nm Pitch Pattern

200 nm period

200 nm period100 nm period

Adv. Mater. 2008



Continuous R2RNIL on 4” wide substrate

ACS Nano, 2009



Continuous R2R/R2PNIL nano patterning

ACS Nano, 2009However,

 R2RNIL requires very large size original mold to minimize seams.

 Heating or UV process is involved. 

Roll-to-Roll NIL

Roll-to-Plate NIL

4” by 12”, 350 nm gratings on PET

4” by 10.5”, 350 nm gratings on glass

2/16



Dynamic Nano Inscribing (DNI)

Metal

Polymer 

(1)(2)(3)(4)

Si Mold

Cushion layer (optional)

+ α - α

Polymer  substrate

Metal

(1) Initial contacting point

(2) Gradual imprinting region 

(Continuous indentation)

(3) Edge point (Max. pressure)

(4) Elastic recovery region

350nm HP gold gratings on PMMA coated Si by DNI

F       >>          F
( ~104 )

Mechanism of DNI:

Gradual indentation by moving 

tilted mold

 No material removal

 No debris generation

~ 2 um4 in

Conventional NIL DNI

Nano Letter. 2009)



22” long, 700 nm period gratings on Polycarbonate by R2R DNI

DNI for polymer nano-gratings

 Room temperature

Applied force: 4.2 N

Speed: 10 cm/s

Continuous & seamless from start to end!

 Polycarbonate

Tg = 150 C / E=2.2 Gpa



Advantages:

1) Single-step / high-throughput process 

2) Low-force / room-temperature process

3) Preserve the functions of polymers

4) Only small slice of mold for continuous 

long grating pattern

5) Clean process (No debris)

6) Many materials can be inscribed

Advantages of DNI

ITO (E=97 Gpa)

PEDOT

P3HT,

Nafion

DNI can be simply applied to 

continuous roll-to-roll process.

Nano Letter. 2009)



DNI: circular, free forms and on curved surfaces

Concentric nano-gratings on ETFE

Do = 50 mm.

700 nm period gratings on curved surface

SU-8 / PDMS

First

Second

Double DNIs in orthogonal directions



DNI for Split Ring Resonator Grating-type NIM
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SPR [20nm Silver / 200 nm period]

Applications of SRR

• Negative index structure

• Super lens / Optical nanolithography

20nm Silver on PC 

200 nm period grating

Simple single process

(No etching or lift-off 

process required)

Nano Letter. 2009)



Expansion’s Features
• Upgrade from 4” to 6” processing
• 37,500 ft² brick/mortar addition
• 4,500 ft² of additional clean room 

(area under filter)
• Dedicated Tour Aisle
• $40M construction/facility
• $20M for equipment
• Dedicated April 11, 2008
• Equipment installation, process 

characterization to continue in the  
next two years

New Capabilities
Expanded MEMS and 
microsystems capabilities
6” wafer processing
Organic semiconductors
Expanded biological/nano 
capabilities
Polymer processing

www.LNF.umich.edu

Expanded Lurie Nanofabrication Facility
University of Michigan

http://www.lnf.umich.edu/



