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Abstract; When a traditional Atomic Force Microscope ( AFM) is used to measure the critical
dimension (CD) of a line, the line width and the shape of two side-walls are difficult to be measured
due to the probe shape and positioning. Therefore, this paper proposes a AFM with dual probes to
eliminate the effect of probe shapes on measuring results. A alignment system based on machine vision
for the AFM with dual probes was introduced, the system contacted the two probes each other to
implement the alignment of the two probes in 3D directions. A lens with sub-micron resolution was
used in the system to match a high resolution CCD to obtain the clear images and to acquire the

movement states of two probes in both horizontal and vertical directions. Furthermore, the novel self-
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sensing and self-actuating probe based on a quartz tuning fork combined was used for dynamic mode

AFM to simplify the system, by which it not needed the external optical detection system, and its

dimension was shortened and the affect come from stray light was eliminated. Finally, by extracting

sub pixel edge of the tips, the related position between two probes was obtained accurately and the

alignment of two probes in sub micron(within 1 pm) was implemented. The results were verified by

the distance between two probes and amplitude/phase curves.
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Fig. 1 Special shape tip (boot-shaped tip)
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Fig. 2 Schematic diagram of single boot-shaped

tip measurement
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Fig. 3 Schematic diagram of dual probe measurement
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Fig. 4 Schematic diagram of dual probe alignment device
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Fig.5 Tuning fork probe (Akiyama-probe)
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Fig. 6 Tip of probe and probe holder
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Fig. 7 Dual probes image, horizontal andvertical

Ca) K7 il 30 G A6 I 45 2R

(a) Result of edge detection in horizontal direction

(b 2 77 [7) 140 45 A 445 5
(b) Result of edge detection in vetical direction
B8 AR i Sk il 45 R
Fig. 8 Results of sub-pixel edge detection
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Fig. 9 Probe shape reconstruction

T T

Pixel
o
S

05 __ 1015 20
Displacement/um

(a) FH T

(a) Before reconstruction

e firts i

0 51015
Displacement/pum

(b)) E#HJF
(b) After reconstruction
K10 REHu AR RANBOC R ML
Fig. 10 Curves of the relationship between pixel numbers

and probe displacement

TERLSE X 45 11, IR 5245 30l [ —
TR LR B M ARZERL ), LL 10 nm S 20 i [a] i 18
T BRI BRI A-Probe HHi 45 5 (4 158 B2 FIAH AL,
2 T W 2B FIORH - g i e, AL 11

0.10f . 140

—e— I AT A _ 120
> 008F —ify 1”2
0,061 {00,
NI 80 <
= 0041 ]
I 160
0.02f J ]
- 140
0.00

0 200 400 600 800 1000
X 16 §E 35 /mm

B11 R EE /AR -
Fig. 11 Curver of Amplitude/Phase-displacement



9 ]

siAe i, S5 R B IR 7 S BT A X T AR 4 2405

% & % 31 890 nm J5 (I o B A b5 H
17. 66 pem) , W8 J5E F0AH A0 28 3 B 4 R AR 4b , Horp
W JEE U0 R AT 3 K, 106 B 4 U 1) 1 R T =2 [
YiER . ik G 80 40 nm J5 . I8 B {E B
TN TAHOLAE B B K. BB A, IR
JERUAHOE R A B rshas AFM! )
FE S L 30T 37 0 B A PR 5 R 22 )R R AR AL
111 A5 Ak — A4 12 ik 55 — AN R AR A 0
ey AFM 2 05 =0, AR5 3 70 16 28 A6 A 8% 2
ALY, SZEGIERE . 24 Akiyama R4 7E— IR 30
JEL 1 8 55 e A e BsF o O A (A R I L Ui
AR A7 W) 45 & A R B TG ELAH A7 B e EE i R
L BRI 11 H i s B /0 D) 2% B
WE O S, fEAEB A B sfa<<sfa. B
FREF A EEE, T LA B — 30 7 U iR 25 . 0k
B, B B A 5 X A 25 SRR LB AT HE T 930 nm
(<1 pm) o Uk B R 8 X 46 B 228 R A 2R X o
BT 1pm LI,

S E k-

(1] FRARGHE RIS & A . R ol 5 7 ) &

B AT B R R AW k)] A F HE L
#£,2011,19(4):836-843.
CHEN D X, YIN B H, LIN Y S, et al.. Feed-
forward and feed-back controller for large-range and
high-speed AFM [J]. Opt. Precision Eng. , 2011,
19(4) :836-843. (in Chinese)

(2] BBw.»tE4&.3EH.F. HTFHRE =4 K

B3 BN RO 0 57 ) BB LT, i 4
KB HUK,2004,8:34-39.
GAOST, YEXY, SHHW, etal.. Atomic force
microscope for nanometer 3D surface shape and micro
size measuring [J]. Manufacturing Technology &
Machine Tool » 2004,8:34-39. (in Chinese)

[3] FRANZ J. GIESSIBL. Advances in atomic force
microscopy [ J]. Reviews of Modern Physics,
2003,7(75) :949-978.

[4] ADAM W, MAYER J R R. A robust method for
probe tip radius correction in coordinate metrology
[J 1. Measurement Science and Technology.,
2012, 23.

[5] SANTIAGO D S. Characterization of deepnanoscale

ARG T — T L T HLAR L 5E B9 BRI
T3 RBEXTE R L 0% R R — MR £ 1 o5 —
NPT F% 3 1 J5 AT X B DT A 280 s /b T
RLAE AL 18 FE L2 1 152 22 X ) 25 SR 52 o . )
i o B85S M CCD K45 T 3R & B35 i K145,
ERORI ULV FE N4 & Sk 3 R KI RS
RE M 51 SRS 1 22 037 BC A 40 K S8 A7 65 7T LUKS o 35
RN AR NN RSP O I ER= 2 S N 1 4
FRUZR AT X HE (1 o LA o 38598 R B 2 18]
R R 5 R B /RS it R AR B T B IE , XN R AL 4
JEF BB X, A =R A
EREEIEM . B TIXREZFDCAATH IR
4 BIR A 5 4 J K 32 2% PSSR BT 22 (8] 0 5 Y
KA — AL BB 5T, LS B =4 7 18] b 48K 4
R XA A 0 1

surface trenches with AFM using thin carbon nanotube
probes in amplitude-modulation and frequency-force-
modulation modes| J]. Measurement Science and Tech-
nology » 2008, 19(1).:015503-1-10.

[6] NDUBUISI G O, THEODORE V V, JOSEPH F, et
al.. Line edge roughness metrology using atomic force
microscopes | ] . Measurement  Science  and
Technology » 2005,16:2147-2154.

[7] MANCEVSKI V. MCCLURE P F. Development of
a dual-probe Caliper™ CD-AFM for near model
independent nanometrology [ CJ. Proc. SPIE,
2003,4689, :83-91.

[8] TERUNOBU A, NICOLAAS F, DE ROOI]J, et al. .
Implementation and characterization of a quartz tun-
ing fork based probe consisted of discrete resonators
for dynamic mode atomic force microscopy [J]. Re-
view of Scientific Instruments, 2010,81,063706.

[9] AKIYAMA T, STAUFER U, DE ROOIJ N F, et
al.. Symmetrically arranged quartz tuning fork with
soft cantilever for intermittent contact mode atomic
force microscopy [ J]. Review of Scientific
Instruments, 2003,74(1) :112-117.

[10] T35 &R ks, F. KT 2 BA M Zernike

FEMWARZR DGR T, B A A5 53], 2004, 22
(2):191-194.



2406

522 %

DING X H, DENG SH X, YANG Y Y.etal.. Sub-
pixel edge detection based on spatial moment and
zernike moment [J]. Jowrnal of Applied Sciences,
2004, 22(2):191-194. (in Chinese)

(1] FaR. Z&M.FEA.F. —FlHR Zernike
IEZFEWARRDGRMA L] £ H A, 2003,
29(4) :500-503.
LI J Q. WANG J W, CHEN SH B, et al..
Improved algorithm of subpixel edge detection
using Zernike orthogonal moments [J]. Optical
EEE .

AR (1986 —) . 5 LRIA LA L 11
WF5EAE . 2008 4F 7E i i 75 B F TR %
BEakAs 27 - 27, 2011 AF7E A AR Tlk
KEFARAGA 2= 00, 2 B FHE 2% I o
Ry ok ot & & 1 B B Y. E-mail:
zhanghk(@nim. ac. cn

(12]

[13]

Technique, 2003, 29(4) :500-503. (in Chinese)
ANCZYKOWSKI B, GOTSMANN B, FUCHS H,
et al.. How to measure energy dissipation in dynamic
mode atomic force microscopy [J]. Applied Surface
Science, 1999,140(3-4):376-382.

WANG L L, LUM ZH, GUO T,et al.. Simula-
tion and signal analysis of Akiyama probe applied
to atomic force microscope [ CJ. Proc. SPIE

8916, Sixth International Symposium on Preci-

sion Mechanical Measurements, 2013.

BEE 1962 —), H, KRFRE A
+ BRGE A TEA S0, 1984 A TS K
A3 K 2E AR F A7, 2008 AFFE K I
KA AT A 27, B A v [ i i )
Bt BT 5 6 440 2K 37 B R HIT 5 7 i 4 L & A
Tl K% RE R R U B TR %
PEHAR  EENFE KT R K
JrHE R IF5E . E-mail ; gaost@nim, ac. cn

(RIETE REWT FEEH)



