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Wear Characteristics of Atomic Force Microscope Tip
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ABSTRACT

Atomic Force Microscope (AFM) has been widely used in micro/nano-scale studies and applications for the last few
decade. In this work, wear characteristics of silicon-based AFM tip was investigated. AFM tip shape was observed using
a high resolution SEM and the wear coefficient was approximately calculated based on Archard’s wear equation. It was
shown that the wear coefficient of silicon and silicon nitride were in the range of 10”'~107 and 10°~10, respectively.
Also, the effect of relative humidity and sliding distance on adhesion-induced tip wear was discussed. It was found that
the tip wear has more severe for harder test materials. Finally, the probable wear mechanism was analyzed from the
adhesive and abrasive interaction point of view.

Key Words : Adhesion(-22+8), AFM(A2F &1 7), Sitip(A e & F3), Si;N, tip(A 2] & YolEgtolE &3,
Nano-wear (U= v}g)

1. MEB o2 EWd HEEZ YAio HBE AFs=

probe recording 7]&0] AetE o, 7]l F&Fe

glo] a2/ AFAGAA LA 4F EE AFAEE D& F Je ALE Ba=Hm Qs
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g2 Futstd A2b(abrasive) Bl 4@ Tp&
o] wA3}ly) Hrk. BHY &S AFM 9 FA
A7E QI B ojel, ¥ ARM BE &
£71&9 A¥8L AP glEd), probe recording
7N&A gl s A EA47F ey 3l
on 10 o5 FEI] 94T d77F FHHR 3
o oy @7 2% d7ZA A g3 e
gag #Fsted 23 gen P s 54
N AFE o|FAAR gx ik old uigd £
AFANME si B SiN, 2 AZE AFM g3-T A
AR FUdeFE A% vpd € ¥ HES
A3 5SS BA3YUY. Field Emission
Scanning Electron Microscope(FESEM)2 ©] 8314 Si
2 Si;Ny B3 slEAEE AFHoE v w3
o, uo) 7|93t -EZF(adhesion force)
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2.1 A AT

£ AFdMe AE83d si B SN,
bare Si(100), Cu $} DLC (Diamond Like Carbon) 2=t
& HAYel o] g3tden, AREAHA AFTS Tl
A A 13Ut
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2.1.1 AFM E3l

Ao AHEd Si 2 A& sipNy gE2 Z
Z 9593 g cygs Jxy, € e
10 am ¢ 20 am & FAZE 7pAY. LB g
238 AEE zhzr 026, 0.4 Nm Qoh A AR

S oTT
Eus 973 394 W3PUE #2849 On
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HA si @ SipN, g3 wlde uwstr] §

3l Si(100) EHE o] &y, s ul
E Si 839 & AXE vm3r] Adq 44
A8 Cu v} A3 DLC v o3 24ge
3. Si(100)= 2 Aol sc1 HFE 3%
ooz FHA < 10~20 A Ax9) 33H A3E
o] BAEH e oz oAEM, cu @
DLC 4¥eh2  Z}7} e.beam evaporation T DC
sputtering 2.2 A2} vh. Ao ALEE dd A
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89 AA IA7)E 10 x 10 mm °)H, gotFA &
EHAR7S AEES Table 1 o} AAEHT A
AA7)E 5x 5 pm AN AFM o2 &R
on AxE UxQdeHz EA3YY. Ax A
Al 7R F9E%E FHaFET] A8A ¢E
(indentation) Z°1E 7F5d A2 AAk s, 2
AN AR load-displacement curve & YEIE
tE Ho)7k oF 40 nm ROBE o] W FE °)
£33k F4327, g gRG 2348 & 7
g vER

=
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Table 1 Specification of AFM tip and sample surface

Material | Preparation | Thickness Ra Hardness
~1 nm
Si(100) SCt (chemic | 0.13nm | 1373
cleaning . GPa
al oxide)
Cu E-beam | o0 0m | 08nm | 3.14GPa
evaporation
DLC DC sputter | 300 nm 0.9 nm 12.4 GPa
22 N Wy
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4438 AFM £ o]l &3l Ag3lgler,
Ao &g BEE7] A3, 4¥8H gH9 §
A& SEM o ® #EIP T, UAY LR Si
73%-10 nm, SisN; 9] 3% 20 nm AEQ ¢ ¥
& JIAE Aoz YERTh gde] Eolge
duel FI& olE3d dAHINFTE
5x 5 pm S9N vnBE APs fEs
it on FEL 20%E AEAVR 99
10 10 y m 22 FV/HAA W &g BEs}
At Si # Si:Ng & vPEAHEE v w7 YA
E 100 3] 2308 e, 1 99 HdE 10
3 285k 1 3 20 256 22 FAEH
omz exdol AFPsE 1 3G winIFAEE
5x 5pm FI2=We] A, 5%2%256=2.56 mm ]
) sie AS vlEAE 52 100N 0%leH, 4
HEF 2 0N & 5NN duigde &g B3}
A} SN, B B whA L sing A2E
Zo=g Hls=3tAl 87 918k 20 N 9 813
A Ao, 48 F 4 oN oA SHFGC
Si(100) 3ol A 3t Hertz o] HE | &3}
o HAE4EL AL Az, Fh04A49 HUHF
dae sigde HA$ % 3.9GPa, SizN, B2 A
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SEM ©m| A2 vl FEste] Ed e ¥z
BE g3 vlEZE AN L, Archard’s
wear law & ©] 83} nlBARE AL TH

$3Y) g &g vy dMe &
EE 20, 40, 60 %E WA F oM, FoiAge] ot
£ 4%E syl A3t bare Si(100), Cu 9}
DLC W W3t 5x 5 um 5 10 3 5<
278 F €39 298 vudc E3 A4y
ZF3ll force-distance curve(F-D curve)E ©]-8-3+4
+& o wzlE ZHIUY. FE4Ee AT
RE d4H& JusE 20 %A PF3ed, 49
45 5p m/s Aok

3. 4 gt

3.1 AFM &3|e| o}#H

Si ¥ SN, B3l tiate] slaASE Pahm,
Adisgs Wz 92 A A5 e si gdle I
o U@ AYe Fatel g BAY S 3
£ vyl distel nAsh

3.1.1 Eale| oA

Fig. 1 & d9A Si 9 Si;N, 838 FESEM 2
2 B3 Agoltt, EohtAge]l dAes I3
# v A& ¢ 4 Aok Fig. 2 & Si(100) &
Hold 5x 5pm 99 100 3 B¢ 208 A3
Uetdl =], o] wl ©3o] o]%3 vinn@ A=
256 mm vt B3] Fdo] AiEFoz
3t HHHA AL & 5 don, si g3 g
o] o AstA vebgol o]59 wlHaE At
I Archard’s wear law & ©|&3}le wldAFE
3 23, si BHS 10'~10° A2 JEgen,
Si:N, B3 10°~10* XY g vedch =,
B3k Are HEUEAA SN, o vlEEA ]
Si Bt} &% RAoZ YEgr) ol mIazr =
Adoll e uld A} vias] B o$ & 3o
2M Fulb(severe wear)ol| 3|33}

Fig. 3 < Fig. 2 (@ AAIE &€& Sl &
23 FESEM o|n| At} tiAy oz sj g3le] &
$ HHPND gH9 FH) nEIRE BEAH
v A7t g%en, SN, g9 Adx f4at
Eo] FHdA FAHE ALE AR, 2 A
EE Auidez FA vewoh ol& Si 9 SN,
o] FHAZA] Aolof <d ReozH, LA ¢

rie

G 30 nm

1. 8KV %iROK N H80nm

O 60 nm

(b)
Fig. 1 SEM images of (a) silicon and (b) silicon nitride
AFM tip before experiment (side view)

(b

Fig. 2 SEM images of (a) silicon (under 10 nN) and (b)
silicon nitride (under 20 nN) AFM tip after 256
mm sliding (side view) at 20% RH
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A= Si% EF o g F AL UYgUE e
2 oAEch ol e YA AFS w3
WAz 2AdMe AFox go| Vet E
A, 2Age] ol w}i‘} ARHE dAE
9] A77} FolRlmg ME $FEHI| 499, o
o} 2o AL @i vidE FYo) F¥E
Ao 458 F gtk
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Fig. 3 SEM image of worn silicon tip under 10 nN after
256 mm sliding (top view) at 20 RH

3.1.2 §xeziof ofE Eale of#
A x4 wE $28e] W3lE F-D curve
o] #3le ZA&Yon, F5 W3t WE
e npdas ALkste] Fig. 4 o AASNA °l
o AQARE Si(100)S ol&3tF e, vy A
¥ 256 mm At} ARG vk} Fo] 27 F
7Vl el 38 2 g3l npde] Fuhste
Aoz veygth $E7F F74gl oE ZHl
717 €%2 #Eo| sz, 83T Y A
oldl 717} €A 2etEA Heg L3 F7}
g Aoz ZidHEdH, FUFE 40% o]dA Y
g0 ok 15 N 224, W F <3
$5A8F(10 oN) Bt} 2 ez yeyd. 53,
60%AME F719 FEAHA FFo] Ao e
Aol /gl W $&Ee] UAE IA YEst
. FNEE 40%, 60% Ao ¢S 13 F
Z 2 9¢) DMT, JKR model & ©]&3td FHA 9]
HYAEYAS 73 23 55GPa AEE oF 40%
245 Z7tatar. &, AFM 2313 AU de
2L % FUk wiel 2.3 wi7kR] AR
Az'ﬂ, olg} L& AN & W, F=7 FUHE
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Fig. 4 Wear volume and adhesion force of Si tip w.r.t.
relative humidity

40%

3.1.3 & N =0 oE& §alel olE
AojAge] GE si g3l wd FxE Ha
37 st M2 e AR & EAS vE
£ Si(100), Cu, DLC °l 3t 10 3] 5x5 pm
49 A7 ¥ SEM o2 B3 EBd9 HiE #2
39 Fig. 5 o AAEIE Si(100)$k DLC o st
AFAHY Cu o H|3 v & wido] LA}
ek Cu 9 Aol g3 méo] Bl HY
A= B dA 93te 2d=HE A4S

vrebdict o33 &2 43 Al Ao AR

o] wa}l 239 HEo] gEA YeEidS ¢ 5 o
on E3] Table 1 ol AAEH AP A8 A=
9] AXE 3HFY, A3 ASl WF €5 v

Hol ¢ A YegSS ¢ & Uk

32 Ao Belel m&

2 oA A FE@AE Hetst)
AsA, 48 F 10x10 pm FGE 23S gm
o] &g @BEY A3 ARM o)u) A ellA] &
242 AA7= FEL 2 LFM (Lateral Force
Microscopy) ©|FIA oiXE Tt XS B
F ATt

Fig. 6 & Si B33} Si(100) XA S o] &3 249
@3‘}3’*‘ Fg) 5x5 pm GG EFo] Y=
Ag ¢ 5 AT ol 100 3] 270 97 v
g Ao A9 lateral force 7} Pl AI3HAIL R T2 A Y
Bd AL oudtl a2y topography olAE &
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o)7|x 39, updE Bl oz ZAHH oA oA
AAsA FAFHA g7 W&ol F3], Cu
¢} DLC 9 EAAAYE si o HE9 f He=
2 AFM 9] topography ZHAFNA ol E ot

L

N

g71= oleifeh olsh e ERAAY Hed
Aoz wmstr] fadE FHH9 AT
923t

(©
Fig. 5 SEM images of AFM tip after 25.6mm sliding on
(a) bare Si(100), (b) Cu, and (c) DLC surface at
20% RH
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(b

(@
Fig. 6 (a) Left to right and (b) right to left LFM images
of Si(100) surface after 256 mm contact sliding

with Si tip under 10 nN at RH 20%

4. &

AFM &3 3 FuFle] 48 ggdd A
o2 7YEE oty TE Savbd, dAtvpd, 1
2Zolg oz AAHIL glon B o F &3
A2} o) g3t o Zol *—Jw]y.)&t}.

41 83 KMol 9Y

239 wpdo] rldste SEFvidel dUiste]
n&s) st SFE S vusEeh WA Si ¢
Si;N, B39 A Ao gl nZEH, F-D
curve 9] pull-off force i‘tv'”‘ﬂ T3 SAEL si
A3 si(100) ¥H F$, o 88t 1.5 0N 22 1}
el e, Si;N, %i' = 12+ 1.8 nN 2 & eyt

SizN, B39 A% 89 4] 2] e A7 A
o &g o] AA YEld A= odEEw,
2 AEE 9 1.3 82 YelRth o= Ayl A
£F Si;Ng & Si 829 FHA R A 7)Q13}
Ro 2MH SI3N4-’] FdovA7l o & Ao
&8 5= vk o= Fig. 39 AAHA wle} 7
o] 33%‘61]7‘1 Si §3e] FHe nHYA I} depE
= @4l siN, ol ¥lEte 2F JERtE AL
ZHRHE FATE 5 At

Fig. 72 Si 933 Si 99 10 39 20 F
Ztol F-D curve & ZA3IY mnud Az ¥3l
e g ¥WEE Jepd Aol w11yl
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Fig. 7 Adhesion force change between Si tip and Si(100)
surface w.r.t sliding distance

Fig. 8 & "11d &5& 7] A Z+ ¥ o
3o $AHS 53T 2AE Yehied, Cu 9
A 10 oN AEZ 7B 3A Jego. a8y
Cuel ®|3t si, DLC ol g @39 npEe] o
A desked, ol 7 W &89 Ao
Hoe AdHd 3= 2ok A 7] WEL

284 5, 2 Add A8 Ay A
$RE4e A 2 WAEY Aolg vyehjed)

H|glo FEApolE 4-5 Milen®, HAE xpol7}
ot dASHA B39 videl A ridse Ao
2 A4

o] 3 22 AZNA, liquid ol o7 &Fd3
o] ZA F&3e A &% W3 APAAT &
23 F7tol wet s&Eol A vEigen, 1 9
o Bgoe B3 AAe BE, T Fd 2HY
BE7t B3] vl A FFE vAE Ao
e F, &3 Jrbet SF¥wpEol Ze
Y3 @3 Zxde AoE Bys W, &3
tge g3 udg f¥ds ¥ 2ol € #
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Fig. 8 Adhesion force between Si tip and Si(100)/Cw/
DLC surface at RH 20%

42 94 R H8

ez dak @il uiste nEs By,
SizNg ¢ A= Sikt 2v Ax A28 J4 E
A BHAAN vlde d FAY Aoz didH,
AAZ SN, BHY vgAsE si gHRG
1/100~1/10 B & AL Ao ey} o3 7
oA david e g3 BEv)FE 9458 ¢
ok 28, Axeid e FEX 0|2 Q7 AW
el 7iRidtnz, @3 Ao HE:z7o=
e €24 A5E «d358 €87l o Hert
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£ AFNAE aN S04 ARM B Ao
ERe FEagel st wASE vyl Hw
& APHoz vwn BAY F Q= AR
oA W] EaGom, o)F Fatel thedt pe
deg A

Si ¢ SN, B39 vlEAsE 4z, 107-107,
10°~10* Hx9) & Yerdo

2) AFM B3 Jdigdzie) FzzgolA Ao
FZ7F 60%= F71gd we 233 3 w7
2 AAH, AFM B39 mp&Eo] Frhg)

) FS Y & Yelde AF viske A
Hoz A} AR uvItd @3 widoe] z
A Jebton, |28y sy F=t &
e ulde) A J¢E vAE & 4 Y

* 7
o] &2 2001 Uk IFg=AEATY AY
o o)3le] AT = S (KRF-2001-041-E00056).
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