











LUMARRA

/P-150A Alpha Tool

Affordable, high-throughput high-resolution patterning emphasizing flexibility
and ease of use for research, prototyping and low-volume manufacturing.

Specifications

Minimum Feature Size
Numerical Aperture:
Parallel Beams:
Writing Speed:

Design Grid:
Positioning Resolution:
Maximum Pattern Area
Overlay

Field Size:
Wavelength:
Minienvironment:
Pattern Layout:
Optimization:
Tool Size:

150nm Dense, 120nm Isolated
NA=0.85

1000

1.7mm?sec (@0.85 NA)

~1hr per @100mm wafer,
~2hrs per @150mm wafer

1nm

1.2nm

150mm x150mm

<20nm

Unlimited

405nm (I-line, G-line compatible)
ISO Class 5

GDS I

MaskPlus PEC software

35" x53” x61”



Figure 7

Data Preparation and Delivery

Layout: pattern description,
GDS, Oasis, etc. (on disc)

Conversion to binary bitmap
on 75 nm address grid

Proximity-effect correction (PEC)
of data, optional (done on GPU)

Data compression and storage on disc

Decompression, resampling and reordering
of data, “refracturing” (done on GPU)

Compression of refractured data
and storage on disc

Decompression of refractured data,
(in real time, on 8-core computer)

Zero padding added (in real time)
|
Data modification per homogenization

map (in real time)
I

Delivery of data, in real time, to data-routing
board of ZP-150

Data-
optimization
block

Data-

refracturing
block

Data-

delivery
block
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LUMARRAY

If we saw the world with electrons instead of photons...

Salvador Dali, The Disinegration of the Persistence of Memory, 1954
SPIE Microlithography 2009




Advantage of e-beams in litho

 Electrons are easily deflected by E or M fields



Advantage of e-beams in litho

Electrons are easily deflected by E or M fields

Disadvantage of e-beams in litho

 Electrons are easily deflected by E or M fields



LUMARRAY

Photons Vs. Electrons

Long Wavelength

Poor DOF
Resolution Limit (??77)

Fast
& Cheap

Low Photon Energy
No limit to photon density
Ambient atmosphere
Low-cost optics
Photons unperturbed by fields

Multi-beam is easy

Short Wavelength

High resolution
Depth of focus

But....

Very Challenging
Engineering

Shot Noise in exposure dose
Vaccum, Slow thermal stabilization

Deflection by ALL
electric & magnetic fields!!!

beam current
Substrate charging

column charging
scanning stages

Nanomanufacturing Summit 2009
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Examples of ZPAL Patterns
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Nanomanufacturing Summit 2009



Design for Accuracy
Benefit

Design

Static Lens Array

Monolithic zone-plate array
fixes relative positions of
all beams on wafer.

Position-clocked data

Timing of exposure determines
location of exposed pixels on wafer

Direct Metrology

ZPA, wafer chuck integrated in
metrology frame with 2D encoder.

W Accurate Stitching
Y Loose Tolerances for beams to ZPA.

* Location of beams on wafer determined
only by stage position relative to ZPA.

Y Only errors normal to scan are printed.

* Position and velocity errors along scan
compensated by exposure timing.

e Directly measures ZPA relative to wafer,
not to machine frame

e Reduces Abbe error,
simplifies overall system.

YW More robust than laser interferometer



ADVANTAGES OF ZPAL

* Maskless => fast turn around (laser-printer analog)
* Any arbitrary pattern, i.e., non-Manhattan

* Multiple chip designs on 1 wafer

* No limit on chip size, e.g., full wafer

* Nanometer-level placement accuracy

 Software intensive => correction of systematic distortion in stage or
zone plate foci locations

* Incoherent imaging => simple proximity-effect correction
* Incoherent imaging => precision linewidth control
e Extendable to sub-20 nm via photochromic chemistry

* Applications: electronics, photonics, biochips, tissue scafolds, mask
making, imprint templates, MEMS, NEMS, nanotechnology
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Absorbance Modulation
Optical Lithography (AMOL)
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R. Menon, et al, J. Op?. Soc. Am A, 23, 2290 (2006).

e Annulus at A, in competition with bright spot at A, creates localized
sub-wavelength aperture

e Bright spot at A1 transmits through aperture exposing photoresist





