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The Design and Characteristic Research of a Stationary-Sample-Type

Atomic Force Microscope

Student: Lin , Jian-Yu Advisor: Dr. Hung , Shao-Kang

Department( Institute) of Mechanical Engineering
National Chiao Tung University

ABSTRACT

This thesis spresents a design of stationary-sample-type atomic force
microscope (AFM)..The compact disk pickup head (PUH) is modified to
measure the deflection of a probe’s cantilever. The PUH-based detecting system
is light enough to be carried-by a nano-pasitioner. Therefore, during operation,
the probe scans forward and ‘backward while the sample is completely stationary.
This design is suitable for large/heavy industrial samples. A high precision three
degree-of-freedom inertia motor is also proposed to align the optical path
between the probe and the PUH. A 3-dimentional motorized stage is adopted to
locate the nano-positioner. The experimental results proves the validity of the

proposed stationary-sample-type AFM.
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item value unit
Length (L) B +5 um
Width (W) 30+3 um
Thickness(T) 20+0.5 um
Resonant frequency 140 min~390 max kHz
Force constant 3.1 min~37.6 max N/m

Bl 4238 R 4.24 977 2 fF4 4R R > £ 4225 FEF R FHETH

Front plans Back plan
1 L

Bl 4.2.3%7 50 345 £ 45 % RIARBI (B2~ p NT-MDT R 7o)

m .

Bl 424% 3 5K 4455 2 ALE (FF2~ ¢ NT-MDT B 74)

42
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item value unit
Tip height 14 — 16 pm
Tip offset 5 — 20 pm
Tip aspect ratio 31-71 degree
Front plane angle 10+£2 degree
Back plane angle 302 degree
Side angle (half) 18+2 degree
Cone angle at the apex 7 — 10 degree
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NanaCube® XYZ-nanopositioning sy
100 % 100 x 100 pm closed-loop travel range, resoll \
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7

Zaz A TEERR ORp R
Open-loop travel 120/axism
Control Input Voltage -2V10 +10V
Closed-loop travel 100/axis
Control Input Voltage 0V to+10V
Open-loop resolution 0.2 nm
Closed-loop resolution 1nm
Linearity 0.1%
Repeatability <10nm
Pitch (X,Y) < t5purad
Yaw in X < +20urad
Yaw in'Y < +10purad
Load capacity 15N
Mass 0.32 kg
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Hiapes F

F BT B ERI R S RS RS JRig e Ap i L 2 gidpict E o d BIP

AAEFLHRTE 5 £ 5] L g ARtk BT

e B (i £H)

Input impedance

50 Qor 1 MQ + 30 pF

Bandwidth

25 kHz to 200 MHz

Sensitivity

<1*MHz 100 nVrms to 1 Vrms full scale
<50 MHz 1 pVrms to 1 Vrms full scale

<200 MHz 10 pVrms to 1 Vrms  full scale

Gain accuracy

<50 MHz +0.25 dB

<200 MHz +0.50 dB

Gain stability

0.2 %/°C

Dynamic reserve

up to 80 dB

External reference

25 kHz to 200 MHz

Internal reference

25 kHz to 200 MHz

Reference outputs

Phase locked to int./ext. reference

63



