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Method for Measuring Electrostatic Charge on Single Particle Using Microelectromechanical
Systems-Based Actuated Tweezers
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ABSTRACT

A method for measuring the electrostatic charge on a single toner particle using nanotweezers

(MEMS-based actuated tweezers) and an AFM cantilever has been developed. A unique system was
designed to measure the image force on the cantilever induced by the charged toner particle gripped
with nanotweezers. The method was established to calculate the toner particle charge from the image
force assuming an imaginary center of charge. The consistent results with a blow-off method validate

the comparison of charge among different particles by the proposed method.
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Fig. 1 Overview of toner particle sampling and toner
particle image force measurement strategy using
nanotweezers and cantilever.
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Fig.2 Schematic diagram of image force measurement
of single toner particle.
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Fig.3 Schematic diagram of identification of charge
polarity.

Ricoh Technical Report No.41

60

FEBRUARY, 2016



2-2  fRIrETIL

2-1EOFEIC L > T L =8B 06, B
BEHEMNT ORI, AR BBRLEEET L
ZHWDS. N F—OfE R RLE LT E T
JHUEEBHTER2WZ D, M F—REOWE
IANI AL —TH D 2 & &R D HF5eHE R0 HE
o512, GIRHLOBIIRRL 7208 7 & Wi %
MORLTHETDEWI TuEAEEELTYH,
R OWERENAY) —CThHoETHZ LIIRY &
EzbhD., LEB-T, 8 hrbBEmEr Bl
THERE, PP —RIEOEM MBI —THDHZ
EEBELEETLVERHATARETHS. ARG,
KL DR — 72 A oA 22, ARARRY 72 5 EE T C
BEHZDHZ LT, RTEABEMSECRHII SN 58
BNERBERS 74 v T 4 7 TEHZLERLT
W% (Fig. 4). EEZONRBRELIETIETEON L8
B IEHAEIZ SW T, RARER F0E T L THEAT
BAERMWETHD.

AERFRETIL

R-fIFEZ(EH)  r=REBERDL(IFT4A—4)

Fig. 4 Analytical model for toner charge calculation.
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Fig.5 Charge calculation model in image force
measurement system using nanotweezers and
cantilever.
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Fig. 6 Experimental apparatus of image force
measurement system on single toner particle.
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Fig. 7 Typical result of image force-distance curve.
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Fig. 8 Typical result of identification of charge polarity.

Fig. OICEMEEE 272 b F—IZ2>W\T, #iBh
ZEHAI L 7R R 2R, QMO KHEIZONT, T
VA LIZTRI T A IR L CRHMI L T D . BIKTERN
BT830 oX 1%, RTrMOEMNEIXS D
XERL WD EEZLND. ERROXI RITHD
ENRBHDHHOD, QMM HKMERIZIB VT,
Ta—FT7ECKDEHELE L BT, KFEICLD
BEHRNFHAEAREL D 2 L 2B T 5.

10 10
09 - 09
08 08
07 07

Zo6 Zos

;; 05 R 05
€04 E 04
03 03
02 02
01 (3] : ;
0 E— . op S
0.0 1.0 20 30 40 50 60 00 1.0 20 30 40 50 60
EE8 [um] BERE [um]
(a) REEBI— (b) @/M=-13.6uC/g
1.0 10
09 09
08 08
07 07
Z06 Z06
= =
R 05 R 05
9
o4 £ 04
03 03 1
02 02
01 01
00 —— 00
00 10 20 30 40 50 60 00 10 20 30 40 50 60
BE8 [um] A [um]

(c) Q/M=-20.7uC/g (d) Q/M=-33.2uC/g

Fig. 9 Image force-distance curve for charged toner.
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Fig. 10 Comparison between proposed technique and
blow off method.
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Fig. 11 Comparison on single toner charge between
proposed and blow off method.
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