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A large surface-shape measurement method by using Atomic Force Microscope

Y. H. Shin(Graduated school, KIT), M. J. Ko(Graduated school, KIT), S. W. Hong(KIT), H. K. Kwon(KIT)

ABSTRACT

This paper presents a method to measure a large surface shape using atomic force microscopy, which has been

used mostly for measuring over very tiny surfaces. Experiments are performed to measure a step height and a slope

of a test sample.

The proposed method is rigorously compared with the coordinate measuring rhachine. The

repetition accuracy and the effects of the set point are also studied. The experimental results show that the proposed

method is reliable and should be effective to measure both the nano-accuracy surface profile as well as the

micro-accuracy global shape of a macro/micro parts using atomic force microscope.
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Atomic Force Microscope(8 At & 7), Coordinate Measuring Machine(33-9 &4 7)),
4), Force Gradient(d-74l)

o
=
ot
lo
h

o v

kY

m rloﬁ
2

o o flo

M

e >

)

o >

ol At F o W FHlolA A&
Tll(Attractive Force Gradient)E ©)
A Ag Z gad geol A

2 AT 4y 4
g delE o] &3td

o

ir oo

o=

£
o ro o L oax
Bl OJE o o o

=z’

Moo > B oob buoa oo

o x AL E X

o oo
o o
o
3

rir

=i
oY
1o
i)
AP

E

W

10l 3

>
o

it o
ol o
N

i o,

[0
£ oo
2N
R

% ofr i by ooX
o A

rir ot
2
2
Ol
S
32
=
2

2 AN :10 o
2

b2
tlo e o L

2 e e S
>

Ki o mH
L
o
K
i
ol B i

=

21
a
=
i
>
O
oo
=

o
A4y ol

Ol
o
fr =

o
32
=
X
[0}
0
i,
8 oL o X

ﬂl?l
_EL
s
>
2
()
o

. TR
Yoo
2

=
H
i
oY
au
oL
3
+

19
-~

2. §XZHy
PANE #An)
e £

of ol o

Jor
Jn
N I

fu
o & i

Ny

=
ol 20

ET

koo



2% N g A5 Edd A2A7A =Hd g
2 A 59 DA e} 9, :3:% #Yo] F83o
A ezl wEEA S ol AyHS o) &3
o A8 %13 ¥4 48 Joh B dfolMe
olgjztol MYHME NFE U FTAZIE 9=
ol Fedide FS AT i‘}ﬁ% 437 A%
E2)7(Triggen)2 &85t Alg mdel 94 #E
g A3

2.1 A& &3
A7} a dnjzel 3 By F 34 A
dAnAe e £ A" o)A B <
o} ¢ w;ﬂ SARNER FASEA FRE 9
JAow Alg Ed9 dolHE F53c? we
22 Azo] AIAA M) W
wEg AAA G298 W2 =
sl 2 o HETE o= W
Ao shelA s @ =
FUEE ARS WA &
e A =

ufj o} & 3ol

X r& i)

%
gA A= ol%
] &5t}

=l

ol

L r

lf' rulo |

R D

ofh

ol
i wle ¥

(E RN

i}
=

3

o 1

b

vz o
Fd ot

[o3]
AA

3
’E}ﬁl

22 HIEEA &Y
DERERCLE
ﬂﬂﬂﬁ

I'N
>

Ao 24 9y T v
}oM 134 x9

d

%J

A b o]

4

m“JN-L

N

AL rE O o
T o o g%

o rg,‘
Ay %
T

ot
4

o
!'m oto
® ot (g L

;L4>

4T o & 2 e rlo
=
1o
83
ot
¥ ot
g

5 A7z, Agdust A
e

b ol

o
X o

rﬁi‘l
o,

ki
Ho

Aok 12 2tz A& ¢ ’z}oll w37t *@71

27t SR FAHES FAGLEA ﬂid Oi
dat HEE AA B w2 glol Algd 23
a7} A gy AAd FoEIdoesyy $H
o arixke RIFIdFE 43z 54 %
2 7F whgate dAg e Qg 3718 A
o2 ZAASA Hez $8 A7l wAsEA o

o
£312 B8 5 Aok

T

2
o
2

i "

g2
e R LT 1
PR o o XN

ol
-

BE TR )
1)
>

2
?Ti
-
i)
et
a
e
o
fu
2
o oo
X
o
L% o
o Boofy =

I
i

ol A -

1544

of A8FE FHNA 2% HoltE FE5se B9
o7 Aad 3agd 42 55k WE 9 v
HEA Zhzbe] zEe] FHo) diF WHE AL &
Fatd o] 500 oo @akE A= A5E o
LA AR F AR W 94 5 55
of 8 FAsIR o F do] HuiHd gol 7
oz dxg AU I T Wrozg Hip
Ag AR AgEdy H3 HAEE 5859 B
Tz F we A4xng EHsiqch
Fig. 12 Ago) Al88 ¢Uxzts @A oz
7% 2Aue Xy #H 1% 2gjolzl = FA = ojal
th 2% 2V E 359 459 pZTF BEE A0
) B9} 0.4me] —E‘H%% A E 2502 FAE
olglon AlgE Fasl= XY SO E XE, YE
wraro 2 77} 2.5me) —E— sl & 7tA 32 ATt Fig 2
953 E A8 448 1m oldte] ©AE 7
o e dvkg 3 7 l—tr'%ﬂr Ard =48 9
o) HAT 30D 24719 94 BE AEE U
Yo glon of Alge] tig ZHEEE RAFI
A
A = Al

230 vmE 9o 47 D-soomel A
24718 Agsisan

Kol
=

B zzu g Agste 3akd

A 4x o) 914 AR 47 B

Fig. 1 Atomic Force Microscope

Fig. 2 Samples and measured point
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Table 1 Measured relative height and angle

Height(sam) Angle(?

Contact mode AFM 530.3 45157
Non-Contact mode AFM 529.0 45.162
CMM 530.0 45.130

hg 3 Surface -shapes and height profiles for upper and

lower planes of ;he test sample.
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Table 2 Experimental results for repetition accuracy
and effects of set point (contact mode)

Contact mode Set-point (nN)
86 | 87 | 88 | 89 | 90
Measured coordinates (um)

1 1450.0 | 1450.8 | 1451.2 | 1451.2 | 1451.2
2 1450.4 | 1450.8 | 1451.2 | 1451.2 | 1451.6
3 1450.4 | 1450.8 | 1451.2 | 1451.2 | 1451.6
4 1450.0 | 1450.4 | 1451.2 | 14508 | 1451.6
5 1450.0 | 1450.8 | 1451.2 | 1451.2 | 1451.6
6 1450.0 | 1450.8 | 1450.4 | 1450.8 | 1451.6
7 1450.4 | 1451.2 | 1451.2 | 1451.2 | 1451.2
8 1450.4 | 1451.2 | 1451.2 | 1450.8 | 1451.2
9 1450.4 | 1450.4 | 1451.2 | 1451.2 | 1451.2
10 1450.4 | 1451.2 | 1451.2 | 1451.2 | 1451.6
Avg. | 1450.2 | 1450.8 | 1451.1 | 1451.1 | 14514

Omax | 0.21 0.30 0.25 0.19 0.21

Table 3 Experimental results for repetition accuracy
and effects of set point (non-contact mode)

Non-contact mode Set-Point (/m)
0(ref) | -0.005 | -0.010 | -0.015 | -0.020
Number Measured coordinates (ym)

1 1405.6 | 1406.0 | 1406.0 | 1406.8 | 1406.8
2 1405.2 | 1406.0 | 1406.4 | 1406.8 | 1406.8
3 1405.2 | 1405.6 | 1406.4 | 1406.8 | 1407.2
4 1405.2 | 1406.0 | 1406.0 | 1406.4 | 1407.2
5 1405.6 | 1406.0 | 1406.4 | 1406.0 | 1406.8
6 1405.6 | 1406.0 [ 1406.0 | 1406.8 | 1407.2
7 1406.0 | 1406.0 | 1406.4 | 1406.8 | 1406.8
8 1405.6 | 1406.0 | 1406.4 | 1406.8 | 1406.8
9 1406.0 | 1406.4 | 1406.4 | 1407.2 | 1407.2
10 1405.6 | 1406.0 | 1406.4 | 1406.8 | 1406.8
Avg. | 1405.611406.00| 14063 | 1406.7 | 1407.0
Omax | 0.30 0.19 0.19 0.32 0.21
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