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Abstract

As high-tech of 2l1st century, nanometer science and
technology have been focused on by the world. And almost all
countries are competing more and more heatedly in the R&D of
nanometer microscope in order to have an advantage in the
nanometer research. It is an objective for nanometer instrument
researcher to improve the measurement precision of scanning probe
microscope (SPM), the eye and hand of nanometer science and
technology. In this paper, I analyze the working mechanism of SPM
and research deeply the key automation problems, which include: (1)
delay compensation control; (2) hysteresis nonlinearity correction;
(3) nonorthogonality correction; and (4) SPM calibration. The main
contributions are as follows:

A robust auto-tuning Smith prediction controller was designed
to resolve the long delay time problem of the general controlled
object, which consisted of z-PZT, probe and scanned sample etc.
The simulation results indicate that the closed system not only is
stable robustly when gain, time constant and delay time of the
process vary with the time in the given scope, but also is of good
dynamic characteristics, which are small overshoots, fast response

and strong ability to eliminate noise and so on.
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An adaptive-range DNA (ARDNA) soft computing was

brought forward. ARDNA solves the contradiction between long
coding and high computing precision, which exists in the traditional
DNA soft computing. The method is used in function optimization
and the simulation results show that ARDNA not only does not need
the prior knowledge about the range of the design variables, but also
is of strong ability to search globally.

Based on the analysis of the nonlinearity of the x-PZT and
y-PZT of SPM, the structure of parameterized hysteresis model was
constructed. And the optimized model of PZT was attained by
ARDNA, which could optimize the structure and parameters of
model simultaneously. Then, the model was used as the reference
model, and an incremental feedback controller was designed to get
the pseu-inverse model of PZT. In order to eliminate the error
between PZT and its reference model, recursive least square (RLS)
was introduced to identify the PZT on line. When RLS was stable,
the pseu-inverse model of PZT converged to its inverse model. At
last, the PZT was in series with its pseu-inverse model to correct its
nonlinearity. The simulation results indicate that the nonlinearity
correction method is effective.

A forward-backward polynomial model was given, which
could describe the hysteresis of PZT approximately. In order to get

the model, the characteristic data measurement algorithm was
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investigated from the SPM image of one-dimension or

two-dimension raster to get the input-output of PZT. Based on the
model, the nonlinearity correction algorithm was put forward to
eliminate the image distortion. In addition, we researched the
measurement algorithm for the degree of nonorthogonality of x-PZT
and y-PZT and the corresponding nonorthogonality correction
algorithm.

In this paper, the system identification algorithm is
incorporated with Smith predictor to realize Smith on-line
identification prediction control in order to compensate the delay of
the general controlled object. And it was successfully applied in the
AJ-I STM, which was manufactured in the Shanghai Aijian
Nanometer Sci. & Tech. Corporation Ltd. The experiment results
demonstrate that the method is of strong self-adaptability. And it
meets the requirement on tunneling current in AJ-I STM. The
nonlinearity correction algorithm, nonorthogonality correction
algorithm and SPM calibration algorithm were successfully used in
AJ-IIl AFM which was manufactured in the Shanghai Aijian
Nanometer Sci. & Tech. Corporation Ltd. And a corresponding
software was developed by Visual C in order to obtain the
parameters for the above-metioned algorithms. The experiment
results demonstrate that: 1) all of parameters can be obtained only

through few mouse pressing and the image distortion can be

VI
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eliminated; and 2) the SPM calibration can be realized only through

adjust the calibration parameters, which reduces the complexity of
SPM calibration and improves the precision of SPM calibration. In a

word, the automation and intelligence of SPM are strengthened.

Key words scanning tunneling microscope (STM), atomic force microscope
(AFM), scanning probe microscope (SPM), robust control,
adaptive range DNA soft computing (ARDNA), hysteresis
nonlinearity, SPM calibration

VII



BHF BB 08 B s LR RN

¥—=
1.1
12
1.3
1.4

ot
2.1
2.2
2.3

24
25

R=E
3.1
32
3.3
34
35

FmE
4.1
4.2

H X
LB D e 1
= = I 1
HEERE BB RBIITR e 3
R BB B RBBAR BT IR - eeeeere 6
B B EPT RS - ERAFER
BB JR] L cvveereneneessnmmmmiii e 13
PR BERRR ST TAEHLEE oo 19
A BB R v 19
FRARET B I TAEHLER - oreveermremnmeniieeeiiies 21
HEHRET BB PATHL B A
E‘Jﬁ*ﬁ_ﬁf EE coeeeeermee e 24
FE s AT SR E SPM (9 S FH AL R el b oy 5 evveee 35
. = Y LTI O 38
SPM B FHAL YIRS FER --verrereeereesesseesessesssssssnsssssansnes 39
G cereerrne e 39
H, BRI e 43
B P 5 A MEZ IR ceeveereenemsmeiens s 47
DNA BRTFE oo 55
AR EE/NLE e 60
SE MG FERG covseorsesmsmemsmrsrssvossossosssansassansasspassas 61
STM STARIEEHIPHLE coveeneemmresneniieesniiiii s 61

SPM Sl FEHE «ooveerenmmneessnnennesnnes i 64



2004 ¢ BRI

43
FhnE
53
52
53
5.4
ERE
6.1
6.2
6.3
6.4
6.5
FtE
7.1
72

A EE NG e 83
Bl E L MRS IE TR B - vvreeee e 85
L =L 85
ARDNA BRYFE coeemvesrresimniiiiiiiiiinsns 86
[FIREAE LR PEAZ IE wovereeerrmmmmsnmsenissinsisiese s 94
A BT /NG ceeeennenii 114
SPM H BEAXIE B AR TE R SEBUSRBRR 5T -oovovvevevveeeeens 116
R IEEFR I B -oeeveererermmnmmeeeee s 116
FE TR A SRR T AT BT e oeeesseeeneraseasens 122
E| N1 oh -5 =3, Uy O]l - R r—— 123
B G B v eeeemene et 125
Kﬁ/]\g-‘g .................................................................. 126
SPM £ 8E B FNL B GG I TR ITLG - veveeererremsersessenns 127
Lo R LT 2 o AT P RS R e 128
LISV G GE A T oveeereerersnnsesinnen s 133
AR BT /NG e 141
BEEERIE 143
v T 143
FEEH coeere 145
................................................................................. 147

................................................................................ 165



FR e B B AB B AL 5L B B A

F—E 4 ®

1.1 531 §

BERHIK T ERERBARRBHRELMEERK. i
1R %23k 8 Richard. Feynman #(#2. 1959 £E, fiée 44EMEE
MHELES FNRSPYXAROYEEET — MR
F “RRNE ECHEE NS R T, BE
HAaWE? XY FHETLAMR? XE+oHF®RN RS BR
BIESRETRMEIE T, ERRIIEE QRA RN IR
<t EHTHRYE, BEIAESKEMEERAOYR.

1982 4, IBM 7722t 5E %0 % /) Gerd.Binning {§ 1. Heinrich.
Rohrer {8+ R ERFAN1RH T Feynman 3% Fr BRI AKRHE
A EEN S — F TR R fEE B MEcT™M?, W
83T SIIINRAMEFLEH, XRALBE —REENER B
JRF, MiTHRA _EoZe 7 AT R A RAKTE, Elizk
51T RSN, T 1986 KB T WK UK.

STM UL R JERET STM HLEEFTHI 4R T h B8
(AFM)PL, 133335 0% T B8 (SNOM) " (i W & 4E IR 4 B
K, kR RNEMRBAES TR RIER.

1990 £ 7 A, F—ERAKRBEHARS WX EE/RIEL
7 MBEBEAKRBEBROELE. AR ROREEE 2

o ] o



