FEZAYFEHR A 24 A A6z (20073 6Y)
Journal of the Korean Society for Precision Engineering, Vol. 24, No. 6, June 2007

AFMOI M 9| HH g
oloj|a = ZHE 2B 2

IR

ANy, HEE

ﬂlO
Vo

s38
ZA

i
-]
oo x

L.

' g‘l-?jﬂ'*

Accurate Determination of Spring Constants of Micro Cantilevers for
Quantified Force Metrology in AFM

Min Seok Kim*, Jae Hyuk Choi’, Jong Ho Kim' and Yon-Kyu Park’

ABSTRACT

Calibration of the spring constants of atomic force microscopy (AFM) cantilevers is one of the issues in
biomechanics and nanomechanics for quantified force metrology at pico- or nano Newton level. In this paper, we present
an AFM cantilever calibration system: the Nano Force Calibrator (NFC), which consists of a precision balance and a
one-dimensional stage. Three types of AFM cantilevers (contact and tapping mode) with different shapes (beam and V)
and spring constants (42, 1, 0.06 N m'') are investigated using the NFC. The calibration results show that the NFC can
calibrate the micro cantilevers ranging from 0.01 ~ 100 N m™ with relative uncertainties of less than 2%.
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Fig. 1 Various applications of AFMs, in which small force
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Fig. 2(a) A photo of the Nano Force Calibrator (NFC)
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Fig. 2(b) The principle of calibration using the NFC

Load button

Electromagnetic force
compensation = F

A e F M AXNZAA7FY 2 9
3 S&ojed 2 F Fue vlolazugst Fa
" 3% 2dojXol ¢ 1 ym 9] EvoE Y
A E z7)d 3F WE Yo AAAZ oo A}
£33 YA Fue 1 F Y AHOREZ AH
ol A <tell AMRZF MY AA7F Faso 9o 1
nm & 2522 H 100 pm HAE 23Y F
At A4 2A A P E Y 2H| R4
Faso]l AL F Wgoz YdAF HAE AF
oz 2xolA "} Ux 2Ho|AE 3 = 2o
2o ZYH oy o] xHolx ZFPEL AT
g9l Aolx ol FA=H Ut PHEHWHE
‘w2 B EE 2YHO Y 2Ho|Ad

98

AzZg Ao BRI P E wge A
7] fg e MASGR FRos ALAHE
&Y u 37 FHo] YadtA YEE 7 A
olzl&} 219 =Y A HSHUE oL od £
£¢ Aol HelsA =€ + UEE Jjoj=g
7}E 8t Fig. 2(2)2] Y a2golA B%o] 7Y
A8 E 35 WHEd XA o B3 dAu|F &
ol &3t AW YA FHFEHNE FA3A
=3

327 &7 MR E, ¥/ #F, %
) 9%¢ A LEE NFC = %7 50 mm ¢
gdgoz grEojy whA Qo] AT, uwx
¢te] 2xWizle oF 30 ¥ B¢ 0.001 T o3t
HH R HE AFE AWsy] A Yae
WA A2 E 2EE FE HolE Yol HAAHIe
o F% HolEL HUEY Ed ZIYE EE
Aol AX=HAUS

22 YEEY ZM 1F e

NFC & o] &3 A nAY dele dso
BEHHE 315 HE AFAIY F AT ¥
g otz o8 2¥loz Ao Z 2¥n
33 HE 7 93 FAA dHE N5
ot g2 ALEEE A & ¢o] Foz gt
o] F3n HYE Uk 2H A Y HMAgdY &
gg ¢gof 7ok 7 A2dAM9 Py WHE
Fig. 2(0)9] AYIdAHE Y- ad=Za o™
T 4 HEL JHog *F gdo slgrlg T}
W WG Aol oAzt AW w3
Ao ZAol A A g Ao o
e BAS Fojok e
o}F L Folgtx A&7 Yste, NFC o
A AHEE LA LdE g4 FPM2 HEAR
2= Ay slol=st EXgd. wgeld AE g}
ol=9] ZA& uf$ ch0.01 Nm' oW & =gt
QRA FHEY g AL AMAAM HANYE
ol &3t HWAE7| Wi olgHoz ALY #H
Bk)e TR AAzEe o= Ax E
Adet Ag9) do AF e &3 e F
el WY AIFE widol uF¥d F
dn|Foz A3t A9 AA4E Lotdich
A&e AL (1585 £ 100) Nm' 2 AU
Y, v 2dolAe} 3 F 2oz FAHH &
Holx =YE AL o 63400 Nm' 2 SHH

“
=
T
2

i wo



A HAY - AFE - RAT

FXAHLFRE] M 214U A6k

A A4uc oj$ ane
BAY AN RIS 23
BE ge3 2L Hoz ¥ 4

of mRAE
zANE F.
8 B2 E
aleh,

k. k, k,

c m

|~

Aoz ek 2ol 1 Nm' 1 Ay
RRPTE EAY A4 538 A Aol
06%2 AR ZFAdo] & HFE =2 FF
AN E nAY A, ZAol 100 Nm' &
, BAAR F9 Aoy 6% FEo|RE FAT
S goln.

0

4 2 o o

3. Yo 24 uy

3.1 MEH

& HolA AdFsAFe] BAA ALSE AL
HEe 2% 3714 Eolth Table 19 8 EAE
< AR ey Fig 30 g SEM ALA &
vetdigitt, mdwo] MPP31120 Q1 A ¥A WY
duis oy 2E Feoln FHEZRsdA 5
31 92 FAHL 09 Nm'! o)X g AxAle] s
2o o83 045~ 1.8 Nm' Alolo] g& zte A
o E7E 3 It F ¥A AgEE Edio)
TESP o} MPP31120 &89 Zo] to|d] B
= ¥A4< 72 Ut} ogk Polst MPP31120 K
t} gol HE Ao 42 Nm! & A1 webd uA
& RZoi AlgE) ARALNAM EJF 449
HeE 20 ~ 80 Nm' o]}, vlxlgt fideuE 29
wo] DNP20 olm FE R=2 § 3o} DNP20 7
g e ¥ F AgdHSY dEA Vv A BYS
a1 ot e el 7] e 4 Jle "
gy gled AdaEve J3E FAHL Z+d 0.0,
0.12, 0.32, 0.58 Nm' ojt}, o|H AFoME G¢F
ZAE 7HR AEHANE A 99 Mg #
A 006 Nm' FAE ZE PLEHANE T2 5H
Ak T dolHea ABike Adane B4
WH3lE 7] 98t Zb4 ElQdel sty B )
Ao A & 4719 AL E Fet nAys A

32NFCE 0|88 1uH

YL A A WA dAE 3 F 2HRAE
ol g3ty F3t dw|Foz PHaMWeY FFIE

99

BN ALANE 83 WE 9 30 ~ 50 um
Atolo) $1HA7E Releh 2 o v Al
Ag g4 Age) 83 WHE VAHUA WY
Ay} 343 WES 3% YAE 2eT 2E 9
AoA 0~ 1 pm 5% HE A8 27 9A= @

L
Ly

Fig. 3 SEM images of three types of cantilevers to be
investigated: (a) Side and (b) plan view of the
MPP 31120 contact mode cantilever (c) TESP
tapping mode cantilever (d) DNP20 V-shape
contact mode cantilevers

Table 1 Salient features of the AFM cantilevers

i Model
Features
MPP31120 TESP DNP20
. Non-
Operation mode Contact Contact
contact
Stiffness 09N m’ 42Nm' | 006 Nm"
Length 450 pm 125 um 196 um
Width 35 um 30 um 23 um
Thickness 4 um 4 um 0.6 ym
. ] " Silicon
Material n-doped silicon nitride
Manufacturer Veeco Corp.
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Table 2 Uncertainty of the balance at six discrete loads

?:;’:l:g;:r Correction or Standard uncertainty in ug
Indication (mg) 1 2 5 10 20 50
Correction(C) | -0.1 | -06 | -07 | -04 | -06 | -0.4
Repeatability 02 0.3 0.1 0.2 02 |02

Resolution negligible

(dn12) gle

Test loads 0.5 1.0

Weight ..
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Uncertainty of | 5 | g6 | 05 | 05 | 10 | 10
correction u(C)
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Table 3 Uncertainty sources and their contribution to the overall uncertainty of the stiffness measurements of three types

of cantilevers
Relative standard uncertainty in percentage (u=dQ/Q, %) :
Quantity or Influence (Q) Uncertz;mty
MPP31120 TESP DNP20 P
Measured value (N m™") 0.893 25.40 0.057
Repeatability, u(k,) 0.3 0.4 0.15 A
Correction, Cg -0.01 -0.004 -
Force B
u(F) 0.05 0.008 1
Precision stage, u(x) 0.1 0.2 0.1 B
Balance Correction, C, 0.057 1.6 o
stiffness u(b) 0.004 o1 Negligible B
Non-linearity, u(x) 0.1 0.2 0.3 B
Orientation, u(o) 0.2 0.2 0.2 B
Combined relgtive standard 038 0.5 L1
uncertainty, u,
Corrected value with combined
standard uncertainty (N m") 0.893 +0.003 25.86 £0.13 0.057 +0.001

Table 4 Calibration results of four cantilevers from same batch for each type

X Calibration resuits
Cantilevers -
. Spring constant Standard deviation | Relative uncertainty | Deviation from the
(nominal k) a .
(Nm’) (%) (%) nominal (%)

1 0.893 0.3 0.5 -0.7
MPP31120 2 0.794 0.6 1.0 -133
(09Nm™)y | 3 0.810 03 0.5 -11.0
4 0.833 0.2 0.5 -8.0
1 25.85 0.1 0.5 -62.4
TESP 2 26.56 0.6 1.0 -58.1
(42Nm") | 3 24.60 0.7 1.0 -70.7
4 28.61 0.6 1.0 -46.8
1 0.061 0.1 2.0 2.1
DNP20 2 0.060 0.3 2.0 0.8
(0.06Nm') | 3 0.055 0.2 2.0 -8.3
4 0.056 0.2 2.0 -6.8
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Table 4 = 2} B1Y H= 4 A4 2 A3t @ WL 2o B Aole 4 10%o WA

ZAHEZEE vEd Rolt. FAEZEE IA 5, 2& WiXdA e AdgdHad sy

-
=

wrE o) uel ¢rAsHAl 0.5% LO%E FU
oo DNP20 WEHAME 3 EEE7F 1.0%0]2=2

& AYEEALE kA 20%= AAEAc). &
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