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Higher-mode Excitation in The Non-contact Atomic force Microscopy
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present research, higher resonance frequencies are employed to improve the performance of the
Received 11 February 2018 atomic force microscopy in the non-contact mode. Conventional models already used in the literature to
-:C.“?l““d 04 April 2018 study AFM microcantilever dynamics such as point-mass approach are not only incapable of modeling
i S higher vibrational modes but also fail to predict microcantilever complicated dynamics with a sufficient
z accuracy. In this paper, the Hamilton’s extended principle is used to obtain equations governing the
Keywords: . it - . E . .

AFM nonlinear oscillations of the AFM probe. Euler-Bernoulli beam assumptions and small deflection theory
higher -mode excitation are assumed. The resulting partial differential equation is often converted to a set of ordinary

non-contact mode
perturbation theory
Galerkin discretization

differential equations and then this set is solved either numerically or based on perturbation methods. In
the present research, however, the partial differential equation is attacked directly by a special
perturbation technique. The accuracy of the present method is then verified by a combination of the
Galerkin discretization scheme and a Rung - Kutta numerical solution. Finally, different behaviors of
the AFM probe including static behavior, linear mode shapes and frequency response curves are
investigated through several numerical simulations. It is found out that higher vibrational modes have

smaller frequency shift. It is also found out that higher modes are faster in gathering surface information
and also more sensitive to the excitation.

At g (St 6550l (g5 5 Sl ot ¢ pubolise 4o -1
Cod & diges ghas jl gSangSnn ol & Sl GEWbl Aoz | (AL e LSl 5 ples gy lr 698 Sl ol 3 99K e
S ool Gor s Sen Sly llie Slles glasge wrde iple alans 3 9 Slas bl Sg,Sen (ol 5 olal 3 Slsa
mi e iged i galels pluly Yo lavge b ol ead L 1 agase alte slaghs, 2T S g Sl 1 S e
=bed e 5e o mled 050t sl By Sllee Lol 390 au igd
S90Sl (fagien HE Lapl ol Jl o5 psbolan oglns ulad 050

proeStre b 0 L L L BL, 5l el gyl 3590 sigad

WWW.SID.ir


http://www.SId.ir

Archiveof SID

O)Eed 9 53900 il A0 Jexs

Mled Sl )3 (3l (59 143 19T 1Tae )3 H3VL LI S8 390 S5y

L18-13] ot aznles jaseie sge JS5 pacs el 5l aw L5 gl
Vsl Jo el a5 ol 59203 ,08 (sl lil ales 5 cABLizil b,
5 [2019] 55 aSpn pald 1y el i Slite b fili
oleisge Wolas > (sl (39, onl 51 [21] 4kl 5 e Il rimen
Slaw = 0 By, opl ilos S eslazal calise SW> o Sl
Sel sl solial 55 adl Sgs oSy S sogae jl il ks

[23.22]

O g SVL wals gla ilS )8 g boge jl eoliul 3 sl Lo o
e e R R e
Js a4 YL GaSige la g bogs il 45,5 18 axg 5yse Lo
S Jih ot S a cod gy WSS o S5
lagen 5o s prian [25,4] il wges Aol 8 5 st
5l L yl8 [27,26] 0551 s @ dgai 3l gaas el g o 350 aza
[30-27,10] wab oo 5YL 5l slaoge 3 eoliial lelKin

s gl b, APM o 3Vl slaoga 3l eslil fog apa s 4
J= wigy AFM o) (0 oad alil SVl (o i sals a2SLS ol 290
Sl Jo ) dmge o8 > SWolee lazyl a5 ool 456F pl 4 S¥olas
o0 by (o sla g 5l e 5 05 o0 S 205 Sla
Sboomll n oedle oS > SVolae (giledind oS o coland
Al jo il Jlos |y ez g0 6l g o 2y, (Sazs (Sl
Sl 4l Sjpe 4 g Gile S fpa dgy S5 > SYolas S0l
3 ooliedd b Gl g oF ol o0t 4t Ll oad 5 ol & o
ap ly O 8, S 500 3ge Wats S 3 5 NSl L gD 5 g
2,5

S Yol Jgip bl n sys 5l ool b ol g 0
SYolee Jo glp olalezel ) ol wiload glsmul 5g,Se atugn
ol U5 Sl IE g, 4 by Jo b g ond eslisd oS5
S0 a4 olalazil g, 5l eas] Cuvs a4y L Luly, ool (gl iFame
Bl oly NSl gla el eian 5 sl e alle 51 g
gy & SYolae peiis J ogdle @ s oo L s w0 ], 55
fllBace (o3bcaline ooy B8 Sochites bl cass S p Al AL AT
alols b 5 Gjpm (ol Gl ans e 20l g2 MBS @
oz | ale Al gladge 10 plog gansls p dgad g Higw

loads P Ry i_)‘-’-l 32 a5 cwl ‘5.))'9.4

DYl Zl Pl § (&l Joe -2
oled 1) ool 9 sSg San 39S poled Djpe 4 1 S0
(1) al, &y 4 SoySlgiy Glell by 159,500 ol wms o

e
y=YcosQf )
ol S G E D g 5580 S e plle T (1) dslas o
L) 535,8m 22025 sl ilS 3 51 (S S35 Vgana oo ilS 5
5 AV sl 8 ol fagh )0 0edce 485 a0 (gl (I3
azels ¥ iogdle 43,5 o 18 (o 200 139,50 il 5 00 S 0
S Slgr Ololl asgs i Soe S p2 Sl o0 yug)Se sl S
O35 o 15 0w g diges o2 sabobB Z 1 KB 0 0,5 0 Oy90
S S oS Sen (g wBlen 30 ol G el Z(E) 5 a5l b

07 o louis 18 ©)9> 1397 MR eI Sl WA

O sleinf 0ge 0 Ll cl @il e o mla b e ules
Ol YL diges 44 cons Sl glalold b g oyla uled mhau b olfmn
sge el Sl g3 (b 5l (S5 g oglie Gules 3ge S e (lug
ol go el gl o By, ple 3l Sog) o)lo (s ool o Sles a5 cules
O3 & 058 O 3o d92g anls (5950 digel 5 g G S
Srdizas b )5l pae pizan 5 gl g5, of p0b 00025 o 4
1411 el ()5 050 ol e jlp

el pas g S G955 09 S5 o 4 oled i 090 50
e 53 iged gl (308 bog (e 58 Gl Jlenol i 5 (0
Sla S 5l ailg a5 6 390 (ol 53 el eSSl ule]
o Slp B 2P Ly log ganels s 58 wsle il
53k Somlan Lo 4 ulei e 00 S edlinul e Sl Sng
oz 5| ole gl (o) )3 Wigad 4 05 L 9500 Jlos! oiomen
590 i sladigei plo 5 ooty DNA e Jslo aiile o0) (slezily
Olug aiged Vb ooF salald b iy Soo s ouled nd 390 ;3 Cul a2y
Jol ol & o5 Jlas Vgose 133,500 S GuilSh 0 o
O T R PP E S e
S e 5 Gigm o BF e o Al s s JIE Gl el
Sa o3l (Fodls 4 a9 Lot o0 ey (Sl g Se wats
G g Wl WS Sl el g Gje o Sabel a4 gy
b ats (il 3 it cod bl anly digad g (gm0 o (Sabald
8-] dgai (5 Tojul |, aigas 5l i 2 gl )| lgion (g Gy saals
3

Sy ol Slii [9] ool o wsSesSes gl ol
Sl ) & Cal 8)5 D90 o (aS et Salias slode 5 Sl
T Oygo Slaiegh o8 L slasd ey opl jo SYLEs oL
A1 50 ailes S Bl 0gx g3l Joe o 1, 159,500 gdiugy Cunle
30 el 00l eolizal 28 g ey saenS o 1 oad plxil sl Lo
Sytien 48 a5 S ete 0 KU D j5e & g 5 s S ) O
098 en dmlone ol (SOl Sladl (S0l b o g Ses (S
oy e gy [12710] spd e eslinl Jae Cu s plae o
5 oge giluae ;o s Kol (i 3 Omly B0 5 ogdle
& g ol 2 S frimed Sl Gl 15980 VL o lS 8
w3 )F A o d9h 0 3l S0k prx @ &5 (215 S90S Sppe
4 e o al> sl Syge 4 S5 Bly o Sl b 09
L13] el s 55 Jelse 51 (S 053 nl g 9550 Jlos! ds S
R QPR PRI [ EX RIS PP
b e¥olee ihayS gl 1y pTaSis @S Vol  Silyast
N oL Sl g, b lsiee ) w5 (ol & oaal cess &y (S it
e ol 4z Lol Jpams Ledls doles 4 S I5 g) alex
B8, 5o age IS S5 L g g, (ol 5l eoliul b ol Sa 5 (gaasme
oo S gy #2555 03 s bl ) 0sSy Se (sl
Seals B Jlos sl Gy ol 3 OLSes 5 Ll ezmen [14]
<ol S AR g il [I708] eyl oS oy g o
Lo Sl lsion (oI5 090 S8 S b (puleli o > 0 4z ST )
wile sl Py F i wglie el 250 50 Lol oyl csay Gido

WWW.BID.ir


http://www.SId.ir

Archive of SID

UlEas 9 (53507 (S A0 Jaze

olad jui Sl 33 03] (59 115 gSing 5o 23 UL Liilas )l Gl 3g0 K S

ol S8 5SS g )N Slata 5 o sl 1 Jgu
Table 1 Parameters and properties of the AFM
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Fig. 1 A schematic of the AFM
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