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Design and Development of a 3-axes Close-looped

Nano-scale Positioning System

Liu, Hsin-Ting

Abstract

High-resolution position stage is the footstone of the precision technology. A
nano-level resolution positioning stage plays a important role in the development of
nanotechnology. This paper proposes a 3-axis positioning stage built up by
piezoelectric actuators as the actuating system and HOE-DVD pickup head as the
displacement measurement system. Piezoelectric units are often used in micro-level
actuator; by using the precise voltage control piezoelectric units can also fulfill a
nano-level actuation. In order to increase the stroke of piezoelectric actuator, a
flexible structure without backlash and friction is utilized. Its relationship between the
displacement amplifying effect and the geometric parameters of flexible structure is
studied by the theoretical analysis and the finite element analysis. For matching the
actuation stroke, the optical displacement measurement system is modified by varying
focal length of the lens. Besides, the elaborate application of the miniature HOE
pickup head makes the whole system more compact to promote the widespreading
application of the nano-level positioning systems. Furthermore, diverse properties of
the positioning stage including stroke, linearity, repeatability and resolution are

verified by experimental testings.

Keywords: HOE-DVD pickup head, piezoelectric actuators, displacement

measurement, focus error signal, linear range, flexible structure
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Standard Fotonic Probe
Operating Principle

Each MTI-2100 Fotonic probe contains a
set of light transmitting and light receiving
fibers, which can be arranged in three differ-
ent configurations (random, hemispherical
or concentric). A tungsten halogen lamp
feeds light down the transmit fibers,
where it exits the probe tip and hits the
target. Light that is reflected from the
target is captured by the receive fibers
and transmitted to the MTI-2100. The
light intensity is monitored, which is
proportional to the distance between the
probe tip and the target being measured.

At contact, no light is exiting or
received by the fibers, giving an output

signal of zero. As the probe-to-target
distance increases, increasing amounts
of light are proportionally captured by
the receive fibers. The result is a very
sensitive, linear output response
(Range 1) from the MTI-2100. As the
distance is further increased, the amount
of light received approaches the maximum
or “optical peak.” After the optical peak
is reached, a continued increase in
probe gap will proportionally reduce the
amount of light received. This results

in a sensitive, linear output response
(Range 2) with a large measurement
range and standoff distance.

Range 1

Fiber Distribution

Randorn (R) Hemispharical (H) Coencentric (CTI)

@ Receiving Fiber

O Transmitting Fiber

Probe Tip Diameter Meter Resolution- * LiEs - Optical Peak®
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o it e _Soilly Lwesr g ST Liear g,
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WHER s mam oz @ D o oob 0 o9 O QD ©Z)  Onh 0% 058 0I)
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{L1%) 6% (1372 Ay 0y 000 127 012y 0209 (0le (Ll Q45 1]
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BID @3 (e T R ) 0152 0 076 (56 QMY  081) (0356
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L Wisen imzusuring Lo £ i AA declolonuel, GAR surface-Euish compantor blwck. Maise given is willi low pass adjusiable [ler s al wide Dad." No se Jecresses os lower e sellings ore seecled, 2 The aialog volpul resolulion is 2 produst

of the sensitivity and the naise. 3. Nominal value + 13%. 4. For approxinate + 1% Enear range, multiply by 0.75. 5. Nomind value + 10%. 6. Optimal standoff for m‘ﬁu:twltyllurfﬁmﬁmsh measwements. 7. Nsminal value + 15%. 8. Disylacement

range pm\ilnru 5% chasge from peak output when making reflectivity’surface finish measurements, 9. nghe:t possible meter resolution shown for intrimsic English and intrinsic metric engineering units. Probe nodule's intrinsic English or netric)
units must b2 specified at the time probe module is ordered. Altemate engineering units selected via the front parel “UNITS" button offer reduced meter resolution. 10, MTI-2020R and MFI-2032R probe modules usea 0.062" diameter sleeve

starting 0.250" {6.35 mn) back from the probe tip.
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Low-Cost M Series Multifunction DAQ -
16-Bit, 250 kS/s, up to 80 Analog Inputs

NI M Series — Low-Cost

« NI recommends high-speed M Series Operating Systems
for BX faster sampling rates, high-  Windaws Vista/¥P/2000
accuracy M Series for 4 higher » MacOSX
resolution, or industrial M Series o Linoe
for 10X better noise rejection

* 16,32, ar 80 analog inputs Recommended Software
at *6 bits, 200 kS/s s LabVIEW

* LabWindows™/CVI|
s Measurement Studio

« Upto 4 analog autputs at 16 hits,

833 kS/s (6 s full-scale settl ng time)
* Programmable input range

(10, 45, 1, 0.2 V] per channel

o Up'to 48 TTL/CMOS digital 170 lines * LabVIEW SignalExpress

* ANSI C/C+

{up to 32 hardware-timed at 1 MHz) N .
« Two 32-bit, 80 MHz counter/timers * Crand \ns_ua | Basic NET
» Digital triggering ® Visual Basic 8.0

Measurement Services
Software (included)t
= NI-DAQmx driver software

& NI-MCal calibration technology for
impraved measurement accuracy
« & DMA channels for fast
data throughput

® X1,X2, or X4 quadrature encoder inputs configuration utility

Other Compatible Software

» Measurement & Automation Explure

» LahVIEW SignalExpress LE data- Ioggn eftwan

2up1n1MHz

R M

B, upm1MHz

137-Fir multifunction AQ devices are nat campatible with NI SCC or SC platfams. Z USD devices are not compatible with SCX signal conditianing.

Tabie 1. Low-Cost M Series Sefecticn Guide

Overview and Applications

National Instruments M Series low-cost multifunction data acquisition
{DAQ) devices provide optimized functionality for cost-sensitive
applications. Low-cost M Series devices have up to 80 analog inputs,
48 digital 1/0 lines, four analoy outputs, two counter/timers, and digital
triggering. Low-cost M Series devices have a one-yezr calibration
interval. For better accuracy, faster speeds, and an extended two-year
calibration service, consider the high-speed and high-accuracy

M Se-ies devices.

M Series for Test

-or test, you can use 16-bit, 250 kS/s analog inputs and 1 MHz digital
lines with NI signal conditioning for applications including data logging
and sensor measurements. Low-cost M Series devices are compatible
with National Instrumerts SCC and SCXI signal cunditioning platforms,
which provide amplification, filtering, and power for virtually every type
of sensor. These platfors also are compliant with IEEE 1451.4 smart
transducer electronic data sheet {TEDS) sensors, which provide digital
storage for sensor data sheet information.
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