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Phenomenon of local contact electrification studied

by scanning probe microscopy
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Abstract

Contact electrification (CE) is the transfer of charge between two surfaces
that are brought into contact, with or without friction and applied potential,
they will exchange charge because of the work function difference or
additional potential between metal to copolymer. The details of how CE
happens on the nanometer scale are still not understood. So we study the
interactional behavior of local surface charge between metal and polymer
using the SPM probe (Cr/Pt coating).

We used SPM probe to rub the polymer by changed tip bias and tip speed,
and then used electrostatic force microscopy (EFM) to detect the charge
distribution. We found that the contact charges must be decayed when the
tip speed increased. But the contact charges increased with the tip bias. We
almost found no CE occurs at the polymer in some particular tip bias and
speed. It implies that the surface potential of probe were equal to
copolymer’s. In this study, the EFM shows the CE in the nanometer scale,
and the contact charges have relations with tip bias (electric field) and tip

speed (friction).
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AFM, atomic force microscopy®

LFM. lateral force microscopy™

FMM. force modulation microscopy®

Mechanics

measurement Phase image. viscoelasticity microscopy™

Force versus distance curve®

- | Force volume microscope™®

| STM. scanning tunneling microscopy

Electrochemical microscopy

Electromagnetism ‘ SEM, spreading resistance microscopy™ ‘

measurement

SEM, scanning Kelvin microscopy®

‘ SCM, scanning capacitance microscopy”

SPM

| EFM. electrostatic force microscopy®

\—‘ MFM, magnetic force microscopy® ‘

Force lithography

“——‘ Voltage lithography ‘

#~| Liquid cell

Other ‘ SNOM, scanning near-field optical microscope

Nanolithography

applications ‘ AFM-SPR(surface plasmon resonance)

\-—‘ SThM, scanning thermal microscopy ‘
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microscopy) ~ # & 4 E ic4i(Electrostatic force microscopy) ~ % & 7 i
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33 RHEREMA

Bl 3.3-1 4 47 & B Ak

AP ERATR Y iR F A RS B R AeT
#] 5% : Molecular Imaging PicoPlusl|
45 4 B © 90um * 90um
F# s #-7% : Contact mode, tapping mode

A 5.4 45 ¢ Electrostatic Force Microscope, Lateral Force Microscope
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AR S > H i m R e T £

Tip Height
17 pm

Tip E
Set n
Back =

Width 28 pm

Half Cone Angle
20° - 25° alang
cantilever axis

25% - 307 from side
10% at the apex

Length -

225 pm

Thickness 3 pm
® 3.3-2 BudgetSensors multi75-E *t g5 47 & B [17]

% 3.3-1 BudgetSensors multi75-E #5 -4 4% [17]

value range
Resonant Frequency| 75 kHz + 15 kHz
Force Constant 3 N/m 1 N/mto7 N/m
Length 225 um + 10 um
Mean Width 28 um +5um
Thickness 3 um +1um
Tip Height 17 pm +2um
Tip Set back 15 um +5um
Tip Radius <25nm
Coating Conductive Cr/Pt on both sides
20°-25° along cantilever axis
Half Cone Angle 25°-30° from side
10° at the apex
Contact Resistance |300 Ohms on platinum thin film surface
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fR oA APt i PMMA Rl Brig s htentd ¥ 2 — o ik
e st g s P B fre 40 £ PU2 B PMMA 1

8 3 o g vz - v E - s A
s PMMA 2 e ®rE2 o mat ol HE 3 i

91 % o i 1 ey

$HEmE b T B 411 T 0 FIR ARG - BRA KRR, - R L

ML T R B PR T L8 > T4 411 SRRy Sk

Electric energy

acceptor

Polymer

Pt energy level

B 4.1-1 % = it i (polymer) £ % 5 it (Pt)2 Bf % B
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Contact mode Friction

Set point | Force set point | Tip bias | Tip speed

0.05V 0.2V OV |0.01 um/s

b4 41-1 chiE i 4 Contact mode T EH T ET FRIE  BFE
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EFM 5L i Bl4c™ B 412> d Bl°P A PF ugFmy 7 ERY
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T FAR 0 P R FEARAE R 0 5 EFM RIEH F > § F
FABFIF I ROTRE > X374 L RfpRoR< > 7
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B 4.1-5 11 4F 435 40 T RAER T 18 EFM 2 21 5L 8]
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3P R IED BREA L T A AR HE 4
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4 421 %E#%?%}z‘»&

Contact mode Friction

Set point | Force set point | Tip bias | Tip speed

0.05V 0.2V +0.5V | 0.01 um/s
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Contact mode Friction
Set point | Force set point Tip bias Tip speed
0.05V 0.2V +1V~—1V|0.01~10 um/s

TR 44l EREEREHETIFEOEFM B AH 0 B TR
L1V SR L P27 d 0.01 pm/s EH T 10 umis o <R ¢
FrARp N EFM AR e FF LB B E R D R 0 B
RARM A T a4 d » BR FEEHFH PR R SRR 4o
TB 442 T R EAEEFE R DB A RE 0 F]5 X $hG B
Log scale » »r 2 i hrig T jr 2 £73¢ & % - 1 Exponential Decay

Gl G TR A PRI R EEFLBEER DM BES 2 43

Q) =y-eF? X 4.3

46



EFM Signal

HJ il

001 04 1 10
Tip speed (pum/s)

Bl 44-2 B r 2 RIVaOHFEERFTTIFEM T

BEAPRRT LA RO A TR KA

24T F 4430 d FP T UERED  RRT 5 4

m §_% .- 1 Exponential Decay 38 7% > & €% F B » TR 4e @

$4 o @P I IFELESBDY

BEE T RS Flpt A e g

47



AN 42200 A3 A F e amE s T U@ AN 440 wa'h -

Fj =4
#e o
QV,v)=a'-V- e~ Bv N 4.4
a
Y
. : v 05V
60+ . < 025V

-0.25V
-1V

-
o
»
2 »
[ |
<
=

001 0.1 1 10
Tip speed (pm/s)

Tip speed (pm/s)

Bl44-3)L 8 » R BRTeh7R Fstd A 2B S b)Bl a® 7 it B

48



B 44-3b F FRAAFESSEERE 1 um/s 3] 10 um/s g
Bl $3¥4#H3AL 10 ums> B> FTRL0VE—025VEFN
FRFAANTRFAL T EFP O AT %R ¢ O BRAT TSR

R A LA e Lo 5N 4,

SN
o4
H\
g

i

o~
[x}

)/

)
=
2
\:\-}-xt;

“
>

B AN A5 ATses B R A - ¥ el B4
QV,v)=a'-V-e P+ 1.0 ;v 45
M- SERBERT G ASSLRE S ERTET Y B RARE
o A2ANTREEARS > AN PO RSN FERARE A2
R AT EATAR] 0 A R PR FIEF] G ITO LB Ay » §HEH
FERARE R AT EA IR E RN MR OERARE T
THIE 3 PMMA 1 o s 0 Flt PMMA 2+ 0 + 384 3 47

B1 B 0 AR PMMA 1 A% ehn 4 R 0 iR

49



$5% 2%

S

ARHY AP AL FRET Y RS MBS
B FRER Y ETS RS NERT ERAERT OERF TS

FPHRERMBET O EEERT AL R ERT L AEE R

)

—\
rﬂ
»

Kl
ks

w7 i

A%

3
i)
%
&
*n
N
a
&
B
=R
B
<l
3
4y
pid
4

TR gE € FlIFEE 2 ITO AFF AT HFRFE > CFHFHF OB 3 RN

it Slich B o
F %Y L F MG IF &t Tapping mode p 2 ¢ -3 40 ¥

& Contactmode ¥4 € ° ¥ R ir e §F BRE T hL R H X5 722 4

8

50



542

[1] C. Mathew Mate, Tribology on the Small Scale.A Bottom Up Approach
to Friction, Lubrication, and Wear.; Oxford University Press (2007)

[2] L. S. McCarty, and G. M. Whitesides. Angew. Chem. Int. 47(12), 2188-
2207 (2008)

[3] J. Lowell, and A. C. Rose-Innes. Advances in Physics 29(6), 947-1023
(1980)

[4] Agilent 5500 User Manual rev. B

[5] A. R. Akande and J. Lowell. J. Phys. D: Appl. Phys. 20(5), 565-5
(1987)

[6] 8§ Ff~%v & > 2 AR P2FRHFLLPIBHM . F2E? 7] 25
% 54 (2003) -

[7] &% > nfFfHFe s hivtet £ F BREF TR P
T B arzad 2 (2007) o

[8] J. W. Peterson. J. Appl. Phys. 25(7), 907-915 (1954)

[9] J. Lowell, J. Phys. D: Appl. Phys. 12(9), 1541-1554 (1979)

[10] R.G. Cunningham, and D.J. Montgomery. Text. Res. J. 28(12), 971-

979 (1958)
51



[11] B. D. Terris, J. E. Stern, D. Rugar and H. J. Mamin. Phys. Rev. Lett.
63(24), 2669-2672 (1989)

[12] F. Saurenbach, and B. D. terries. IEEE Trans. Ind. Appl. 28(1), 256-
260 (1992)

[13] M. Saint-Jean, S. Hudlet, C. Guthmann, and J. Berger. J. Appl. Phys.
86(9), 5245-5248 (1999)

[14] J. Lambert, M. Saint-jean, and C. Guthmann. J. Appl. Phys. 96(12),
7361-7369 (2004)

[15] B. Gady, R. Reifenberger and D. S. Rimai. J. Appl. Phys. 84(1), 319-
322 (1998)

[16] +h& = ~ k2 P ~ 8 2> A X ERIFNF—RF 4 Bl s &
A2 R 5 b8 67518 (2009) -

[17] (Budgetsensors .Ltd)  http://www.budgetsensors.com/ ”

52


http://www.budgetsensors.com/

