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Development of a Sample Scanner for Atomic Force Microscope
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ABSTRACT

This paper shows a method for design of the nano-positioning planar scanner used in the scanning probe microscope. The planar
scanner is composed of flexure guides, piezoelectric actuators and feedback sensors. In the design of flexure guides, the Castigliano’s
theorem was used to find the stiffness of the guide. The motion amplifying mechanism was used in the piezoelectric actuator to
achieve a large travel range. We found theoretically the travel range of the total system and verified using the commercial
FEM(Finite element method) program. The maximum travel range of the planar scanner is above than 140 (m. The 3 axis positioning
capability was verified by the mode analysis using the FEM program. Moreover, we presented the actual AFM(Atomic Force
Microscope) imaging results with up to 2Hz imaging scan rate. Experimental results show that the properties of the proposed planar

scanner is well enough to be used in SPM applications like AFM.
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Fig. 2 A motion amplifying mechanism

22 wd Jtolzel ZM[)

4 HY Fd Trel=el % wE YF)ol
ZHiAE A7t 2Aske, fa Aguid FAE
ol o2 F8}l7] 918t Castigliano’s theorem &

AH8-st AT

F _30El

k:
q r

A (g o1&ste] {4 sol=e 4L
T, Bd 2499 7F 498 32+ A

23 2W 77| ogS Dt Jto|s wY

HA FENE FA Tlol=el YA A Al
AEH( )2 7187l Al 2Y Al (g, )
AR 43 FEVIY 7E HAE FEA7)7)
sl Fig. 3 % 2 #HY Fx Wy FE7)g
AMgeE, A WY FEZut zed fd
Ztol=g] WMARE cl8HoR Adsgt oln
PZT o] W(s,) BA4& neisiol e, ¢
2e W Hd WbAR( 5, )H FFo] AdY
e Ho LAH(y,,,) Aol BAE A )
Zrh

S
8, =21 15 - )

P pmax
f pamax

oV, f,=Sfi=4f £ PZT o Bz Yot

AN A =da & WY FE¥, 4 = 2
Ztol=ell Q& WM FZ7)o) Hgl: gon,
A%e neAsE G P P,
fz=§(qo+q) 3)
c A
o

A

Fig. 3 Schematic diagram of the mechanical lever

TR S slol= W= og 2ok

248, e A28, sk 4
q= 2 2 - ) ( )
-f[l,max + Amkap.max pr.max + Amk5p,max
2 @A, 2HA G ¢, ) EFE H4A

ol @Y i 7l s,

- 880 -



24 g Ao M

B 24y AAA & 2d 9@ AA FRs
Teble 1 3 &t 4 7tol=29 I FAFE
7] A ARE Folm, ZHE Eolok

A

sk, a2, ZholE g Fold, Bd

OJFRS WHYst Folxumg TR Fu49 FH
WY Abol) El¥Aol Basith HA FAAA
o] & A(Rule of thumb) 2. Z A Fd 7lolz 9 A2
PZT 9 o 1/100 & $bt}, 9 270ue] AF2
L2uly TH(Al 6061-T6)ol 2, o] A2 &
EHL o o,=200Mpa 013, AAEE 13t
PZT o &} ALE <7Al HA 2q0ue] A=
Hdf §¥H2 FE ¥ o 67%Y
O, =160Mpa 2 A gr}, EF FA A7 2
HY Fole SPM 2 AE HEA 30 mE
Al gtglct Table 1 9 AFE BW3E7] #3lo] #AR
7bo]=& Table2 ¢ o] AHA 3sdx, AA

[e]

o

A= Table 1 9 Aleke wEsith, A7
AN FA7| T pge oF 052N um 15
A e MMz ag uxyd £, §
7178 A4 ol ARY w1 A FA
Fuge AA Aol 206Hz o2 M Awo

o o

>200Hz 2 w3tk SPM ol F LAl ME o|F
7171 B A TR Fu8 F4F SPM
27 £t FAET, 14 204 2AsE 74
59 AZE st HAE A4 2 110
=R F5 FoTE Ao gt B =504
AAE Bd 29099 75 FaE o 20Hz 7H]
7} 5 &t

3. HM Ao Kk 24 F4A

PZT o) #Aol A<t(isovolr ) A7 LAsE
A ) 425N ot & & 2 A9 oA
FE717F Qe E, stolme] AEle L& 85N
ojct, wetr 85N o] spol=eof L w HA
Azl ASE 98 F3es A4 Ag 2w
Sl Pro/mechanica™-& o] &-&}o] CIESES
Fystk, ol ogd gy HPEAh
Ao A= Fig. 4 & 232, +9 7}o] = (Region
1 FEE g% Z@ae Fig. 5 ¥ 2o A4
Wele 9 144.8 moli, 4A dae ¢ 51%

ZolE Helx, F dAe HAAN EAXY
siMalel EAGAZE BE27) wFolck a3y,

SPM & E&Al 27 Z19 100um °]4te] =7
galA e ol A 2 {3 24 4 By BE
wEgoy, w=d, §8 & FAz: Fig. 6

2o Hd ¥HL &
Ad $¥( o, VS &

2HAH AR, - o}
120Mpa ©]3, Table 1 ¢ Hu &FF 39
ZA(<160Mpa )& VFEVTE B AT B

29 HF 2HEE Fig. 73 2o

Table 1 Design specifications of the planar scanner

Stiffness of the flexure guide (& ) <0.6N/um
Natural frequencies of the flexure guide > 200Hz
()
Maximum Von-Mises Stress( o, ) <160Mpa
Preload (g, ) 50um

Table 2 Design results of the planar scanner

Length (!) 8.10mm
Thickness (¢ ) 0.4tmm
Width (b) 24.5mm
Mechanical amplification factor ( 4, ) 4
Stiffness of the flexure guide (&) 0.572N/um
1* Natural frequency ( f,) 216Hz
Maximum displacement of the flexure 142.3um

guide with the preload

Fig. 4 Displacement of the planar scanner

Fig. 5 Displacement of the flexure guide (magnified)
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Fig. 7 Total assembly of the planar scanner: showing
PZT actuators

4. AFM Image
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Fig. 8(a) AFM image of the standard grating

Fig. 8(b) AFM image at 2Hz Scan speed -
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