nano-motion Edited by Elizabeth Engler Modic. Managing Editor

Tiny World

of Nano-Motion 5ystems

Known for its nano-motion stages for biomedical,
semiconductor, and photovoltaic applications ALIO
Industries depends on Renishaw encoders for the
accuracy and repeatability needed to drive its True
Nano motion system solutions.

heat Ridge, CO-based
ALIO Industries’ CEO
Bill Hennessey lives
in a world where small
increments of motion carry large
importance, In fact, he obsesses
aboul nanometers and the inad-
equacy of mere planar precision.
His company designs and
builds some of the most pre-
cise automation stages for
nano-level manufacturing
and research applications,
including microlithography,
fiber optics, medical devices,
micro-machine tools, geomatics,
photovoltaics, and semiconductors,
In this world, where a misalignment of
1p might as well be 1m, the right encod-
ers play a vital role in the performance of
ALIO’s True Nano and 6D Nano Precision mo-
lion systems.

According to Hennessey the minimal non-re-
peatable error and low cost of Renishaw steel
and Invar* tape scale encoders give ALIO stages
unmatched advantages in exotic applications,
while maintaining a cost and footprint edge on
competitive designs. ALIO also provides NIST-
traceable metrology data utilizing the Renishaw
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- ALIO has used various Renishaw encoder
models from its start in 2001.

ML10 laser interferometer system to

verity performance. » Renishaw’s TONIC optical
The path to precision for ALIO mo- encoders provide ALIO with
tion systems starts with the thinking the same accuracy as fragile
behind them (ALIO s Latin for a new fine-pitch encoders in a rugged,
direction), simple-to-install package that
According to Hennessey, accuracy provides great design/application
and repeatability relate to a pianar po- flexibility and easy installation.

sitioning solution. but do not accotint

for straightness, roll, pitch, and yaw
*We think in 6D terms, rather than

2D." he explains. “Accuracy lypically

means a position on a plane, while we

are aiming for accuracy to a point in >

space. where straightness. roll, pitch. 7

and yaw affect the outcome. Even _ :

many engineers do net understand that R~

you can have excellent repeatability to

a planar position while experiencing
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point-in-space misalignment becauss
of the degrees ol freedom In an axis.
'‘Our designs anch manufaclunng
abjectives are focused on hano pre-
cision of straightness, flatness, and

ALIO SETS THE

Intelligent Micro Patterning (IMP), St,
Petersberg. FL. uses an ALIO 4-axis
solution in its SF-100 line of maskless
lithography systems to pattern micro-
scale features on conventional flat sur-
faces, as well as provide the unique abil-
ity to produce features on non-flat and
curved substrates. IMP was tounded
as a spin-off of Smart Filter Technology
work done by David Fries at the Uni-
versity of South Florida, Prior 1o Fries'
development of Smart Filter Technology,
there were no commercially availabie
processing systems for patterning non-
silicon, non-flat materials on the micro-
scale. Fries joined Dr. Jay Sasserath in
2001 to form IMP and put the benefits
of Smart Fliter Technology. and its col-
lection of U.S. and International patents,
to work for various applications in the
munitions, medical. and research fields,
among others. One of the unique medi-
cal applications for the system involves
the placement of pharmaceutical materi-
dls on a stent.

elimination of rall, pitch, and yaw in an
axis. This 15 always our goal, though
in reality it 1s not possible to be per-
fect In the real world, only passionate
aboul trying 1o achieve it.”

o TAGE

panies using IMP's maskless lithogra-
phy systems for applications in biotech,
micro-fluidics, and MEMS. The IMP
maskless lithography systems allow
researchers to try out many different
designs, quickly and cost-gffectively.

“Qur niche is on the research and de-
velopment side.” Sasserath adds. "Most
impartant in the R&D world is the abil-
ity to turn quick iterations of different
designs, and the ability to produce mul-
tiple designs on one wafer. This allows
for cost-effective testing and confirma-
tion of design configurations through
empirical evidence."

Previous methods using photomasks
may take three to four design attempts,
at a cost of $1.000 each. and the turn-
around time was days versus hours.

“With our systems, users can design
in the morning and start fabrication in
the afternoon,” Sasserath explains.

Using ALIO stages has also provided
financial advantages for IMP.

“The stages we purchase from ALIO

‘The ALIO stages have provided us with the
capability to stitch together 1p sized features
over large areas, often greater than 100mm x
100mm,’ Sasserath says.

“Maskless lithography on curved sub-
strates is unique to us,” says Sasserath,
CEO of IMP. "The Smart Fifter Technol-
ogy, with its mercury arc lamp light
souree, also provides cost and through-
put advantages.”

According to Sasserath, two-thirds
of IMP customers are involved with
university research programs, with the
remaining third coming from R&D com-

have better performance specifications
than the stages we previously used,
and they are priced significantly lower."
Sasserath states. “The stage is the most
expensive subassembly in our system,
as it is the key to our system's perfor-
mance. The ability to move very pre-
cisely, at a good price point, is critical.”

Smart Filter Technology uses propri-
etary, micro-optical techniques to proj-
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This kind of thinking has led to
twa palents for the company, with
four more pending: To get the point
across that it is a 6D world, not 2D,
ALIO recently trademarked the term

~ ALID uses Renishaw TONIC encoders to
help achieve its True Nano and 6D Nano
Precision motion systems.

ect master images on a range of diverse
substrates — including guartz, ceramics,
metals. and plastics — without the need
for a photomask. IMP’s line of SF-100
systems patterns individual images
across the substrate, then stitches them
together to make large dies or multiple
copies of the same die on the same sub-
strate. The role of the stage is critical
to the stitching, as it controls the align-
ment of the exposures.

“The ALIO stages have provided us
with the capability to stitch together
1y sized features over large areas, of-
ten greater than 100mm x 100mm,”
Sasserath says. "The stitches are so ac-
curate they are not observable under
400X magnification, and the reliability
has been fabulous. Each stage works
out of the box. and we have had nofieid
failures reported to date.”

For more information on Intelligent
Micro Patterning (IMP). please visit
intelligentmp.com
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) Nano Precision. helping ta distin This becomes critically important
guish its unique 6D approach from when stitching featuras together

the typlcal 2D where you must look at things micron

‘6D Nano Pracision comes into by micron with a camera or process

play when you are thinking about This 18 where 60 comas mto its own

maore than repeatability and accuracy because some ol these products
inthe plane,.” Hennessey explalns have contours, llke a lens, sa if your
-~ Intelligent Micro Patterning (IMP) uses
ALIO stages in maskless lithography
applications for the medical field,
PRECISION WORKHOLDING SINCE 1952 such as production of stents capable

of carrying pharmaceutical materials.
This photo shows an IMP-produced

stent al 300X magnifications. The
circles are patterns in the photo-resist
where medicalion can be deposited in a
separale process step.

motion system is pitching up or down,

you may nol be abie 1o achieve e

needed measurement gata.
Manufacturing plays an Im nporiant

role in ALIO product pertormance too

I Most cases, the primary material Is

aluminum. but the comi

granite, steal, stamias
ramics. The compat

techniaues encompass machini

Ck fOl‘ 5 axes N and metal treatmeants
ine Mullipie Sides with One Clamp
Jaw Clamping '
rip Farce / Compact Design

and 5th axes, Rolar
ir Pallet Changer )

Northhield has all the i‘,l\glas
10 madical
uring. ‘With oy r-lﬂyaﬂ[s
ance making cuSiom S Ses
1 , on Nothiigid's 8/, ’
2 1o handia . . ‘We do a lol of dilferent things 10
demanding requirements: . .

the metal in our treatrment processes
machining, and gesigns, Henngssay
says “When the goal is nano precl-
sion. you have to pay special atten-

tion to flatness and perpendicularity.”
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As a resull, Hennessey says ALIOS
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sStages can equal
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or exceed the precision of lypical air-
bearing stages and can be an order of
magnilude more precise than legacy
mechanical bearing designs:

‘Our competitors try to ovarcame
mechanical deliciencies with ultra-
high-resalution encoders. compéen-

sation schemes. software. and con-
trollers, while much of the secret is in
the design and manufaciure of our
stages.” Hennessey explains:
ALIO has used various Renishaw
ancoder models from Its start in 2001
*The encoder is a very impartant
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‘Renishaw products
have consistently met

or exceeded their
performance claims,
a practice we strive to
emulate with our own,
Hennessey states.

compaonent in achieving True Nano
and Renishaw's repeatabllity and ac-
curacy from basic tape scales and
Invar scales are unmatched.” Hen-
nessey adds

The TONIC optical encoder IS cur-
rently a mainstay with ALIO. TONIC
oplical encoders provide the same
accuracy as fraglle tine-pitch encod-
ars, but in a rugged. simple-to-install
package, The compact readhead
(35mm x 13.5mm x 10mm) allows
great design/application flexibility
and easy installation on micro-manu-
facturing systems. TONIC is avalable
in both linear and rotary versions. of-
fering speeds toa maximum of 10m/s
(3.24m/s @ 0. 1um resolution), fine
resolution 1o 1nm. and operating tem-
peratures up to 70°C

TONIC delivers line piteh callber
performance by combining innova-
live oplics of very high signal-o-naise
ratio, with dynamic signal processing
to ensure ultra-low sub divisional error
(SDE) and jitter. Two integral readhead
LEDs give quick and easy. set-up and
diagnostics. TONIC reads a variety of
linear and rotary scale types including
a new version of Renishaw's industry
standard gold. stainless steel. and In-
var scales, featuring the auto-phase IN-
TRAC optical reference mark. Integral
dual limits are also available enabling
users o selec! end-oi-travel posilion

Although ALIO stages can be in-
lerfaced to existing customer con-
trollers, Hennessey says the highest
perfarmance is achleved with motion
controllers that optimize the capability
of the motion system in processing en-
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coder feedback very quickly. ALIO pn-
marily uses linear servomaolors, lorgue
motors, and voice colls plus some ce-
ramic servamaotors in their products;
the decision is applicalion dependant,

ALIO's primary producls are nano-
precision linear and rotary stages for

stand-alone motion systems or stack-
able axes In various serial kinematic
structures. Stages are avallable for
enduser and OEM applications in at-
mospheric, cleanroom and vacuum
environments. A typical 200mm
stage comes as standard with less

FEED IT.

HOLD IT.
COOL IT.
MOVE IT.

How To Get The Most Precision
& Productivity From Your
Machine Tools

Only LNS brings all of these productivity tools together in one place, along with
over 35 years of technology leadership, experienced applications and technical
support and over 700 dedicated employees worldwide.

Manual and automatic bar feeds for bar stock diameters from .039" to
4-3/4" with changeovers in as littlie as 1 minute.

Turbo chip conveyors and coolant management systems
that eliminate bottlenecks and reduce coolant costs.

High-pressure coolant systems that extend tool ife and reduce
cutting cycle time.

Workholding Devices from precision chucks to complete, automatic steady
rest systems for better stability, speed and product quality.

Fox Mist collectors that improve worker safety and job performance while
reducing facility maintenance and utilities costs.

For complete product information, videos, case

studies and more, visit www.LNS-america.com.
Or contact your LNS representative.

ANEX

LINS Americo, Inc
513-528-5674
sales@insomerica.com
www.LNS-omerica.com
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than 1 of flatness and straightness
with precision crossed roller bear-
ings and less than =30um repeatabil-
ity when equipped with the TONIC
encoder. True Nano air bearing sys-
tems with TONIC encoders offer less
than =25um repeatability with high
sliffness and speeds from 1pfsec to
over Tm/sec to suill the application
Applications (see sidebar) Include
nano-metrology, FPD, ink jet deposi-
tion, salar scribe, laser machimning,
and others

It is no comcidence that each prod-
uct's performance |s validated by a
Renishaw laser interferometer, pro-
viding a NIST traceable record for the
customer

"Renishaw praducts haveconsistently
meat or exceeded thelr performance
claims, a {]Tat:h(TE we sinyve o emulate
with our own.” Hennessey states:

ALIO currently has twa patents for
parallel kinemal¢ systems - kKnown
as Hexapods — which have forward
and inverse kinematics to assure path
and velocity nano precision ta a 60
pointIn space, as well as (wo more
patents pending for its Nang Z and
planar air bearing systerns. Dasignecl
with a large open center, Ihe standard
Nane Z virtually eliminates pitch, vaw
and roll over the 24mm travel range
and uses Renishaw encoders with
the Invar scale to achieve better than
100um of accuracy when configured
for optional extreme precision

"Renishaw told us their top spec
on repeatability and accuracy, soc we
are pushing up against this lirmt with
better-than-expected performance,”
Hennessey concludes. tmd

Renishaw Inc.
Hoffman Estates, IL
renishaw com

ALIO Industries

Wheat Ridge, CO
alipindusiries,com
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