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@Electrical wa Y
@Ccurrenmt measurement
@Vvoltage measurement
@DYna mieal way
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A sivmple exameple
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Charged body
(conductor) S A
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A case of voltage measurement

h {)/ o—
q
/
Charged body
(conductor) voltage (V)
meter
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A case of voltage measurement

h {)/ o—
q
/
Charged body
(conductor) voltage (V)
meter

qg=CV
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A case of voltage measurement

[qj o

Charged body |
(conductor) R V
meter

Note: Physical entity is charge.
Voltage is determined b@ boww{arg condition (capacitance).
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Conductor

k P T T T m e

| | Ri |
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Note: Physical entity is charge.
Voltage is determined by boundary condition.
(capacitance)
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Surface potential measurement

Equivalent circuit

Sensor

+. .+ + + +. .+ + + + + . .

A Y
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Equivatewt clreult
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Fleld mill

Supppose Cs>>C,
c ' | Cs
Iq | Oscillate C
¢ |V @ C=C,(1+Asinmt)
Cs |

~CoQ14Asi
q @(I-FASIH(DO
i=49-CQ Acosmt

dt Cs
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S Chopper N
S-oscillation (Field “mill”) d-oscillation

C, 1s determined by the distance between the surface and sensor.
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@w’w!etg avatlable Ln miarlkeet.

@umiuceh smaller measurenment heads ave avatlable L meodern meodels.
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(alwa 55) think about the Equ’watew’c elreult
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Actual connection to vV meter from FC

C CABLE =]

— Cref

NN
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Feedback Charge Amplifier (charge-voltage converter)

Cre—— |
IR S
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Operational awmplifier

[> V. =4V, —v-)

“1deal” op. amp.
@Infinite gain
@Infinite input impedance
@Null output impedance
@No noise
@No leakage current

@No frequency dependency
teamMaTﬂ
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Feedback Charge Amplifier (charge-voltage converter)

Cref

NN N
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4@

V=-Av
q:Cref(V_V)
_ _V_
= ref{ A V}
~C_ .V
ref
v=—_9
Cref

v~( : virtual ground
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@ttighly precise multimeter

@with charge weasurement mode (charge amp.) (option)
@low Lnput biwpedance for current measurement
@high lnput mpedance for voltage mensurement

L8
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Electrometer

051 /B Electrometer/High Resistance Meter

Datasheet

Key Features

e Meaasures rasistances up to 10'° O

Y

+1.0023e+15 Q=-cm
RN 3 txte Teas 14 e 10 aA (10x10-'8 A) currant measurement rasolution

e Complets hardware-software solution for ASTM

- 00000900 _ ' D257 high resistivity measurements with the 65178,
i\ oz = 2 & M2 e 8009 Resistivity Test Fixture, and the KickStart High
{ ( ) ( ) )

Rasistivity Measurement Application

e <3 fA input bias current

e §l%-digit high accuracy measuremeant mode

Wide Measurement Ranges

The 6517B offers autoranging over the full span of ranges on current, resistance, voltage, and charge measurements. The 6517B combines
the following measurement capabilities:

- Ultra-sensitive ammeter with current measurement from 10aA to 20mA
- Highest impedance voltmeter with voltage measurement from 1uV to 200V
- Ultra-high range ohmmeter with resistance measurement from 10 to 10180

- Sensitive coulombmeter with charge measurement from 1fC to 2uC
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Blow-off wmethod

two-co mpowewt towner

4 \/‘
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electrometer
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Viodel 212HS
Charge-to-VMass Ratio (@/m)
Test System

Trek's Charge-1o-Marss Ratio System (Moded 212H5) 53 portabie
Q/m ansdy2er trat utiioes the “disa-off” fone: trarsier method
10 prowich repastabie, Dty acCuand oy posdir dusn
mexeaements. Duetoits smallSae and waight, the Ketumen
1% highty portadie. making it an excadlent choice for use drectly
an the production Ansorin the laborony

The TREM Mock| Z12HS system employs 8 urigue Specmen
Sepieslon and Inarsler techregue Bl mords 1he craaon of
Mrement ermors dus 1o the undesined addlional chaeging of
LRSL SPACIMENS SOMESMES CaUsed By the apd ar moveran
Asscdmed with "biow-off™ ype measurement Systems. The unit
Isconfigured o5 3 Separate Man Indcator unk, 3 plugn sample
osflunit,and a plug - absorption nozzie unit to alom for dfferemt
conhigurations In response o varous user applcations. A two
poshon sawich selects pumg strength %or some or high
Apphicion nesds, such 48 e measurning chanis on sngw
COMPSON L BSOS [N SIONER 1 U 0N IS egqured|.

All medsurement 03 is cisplayed on a fron panel read-out and
IS awdilabie as andog vokage data on owtput 1 (absorption
nozzle dainl and output 2 (sample oall data) rear parel BNC
connecions. Data can be temporanly =tored to on-Domd sysiem
mamory wih the push of 8 tution and then ssved mom
POUMARIEY L0 & PR sonsd compalie

NOTE. Mowsawring towerpomber oauss neguwiies e soe of @ heioh
soale Aol is ner Ascintesd i s CAhsvpe-nr-Moss Ranio Test
Sizvem

A Qim analyzer that
avoids the creation
of measurement
errors assoclated
with traditional
“blow-off”
measurement
techniques

Accurately determines
the charge-to-mass
ratio characteristics of
electrophotographic
toners or other
powders

Designed 1o handle
single and dual

component toners

Employs a unigue
specimen separation
and transfer technlque

Measurement Data
memory function

equinped
Able to store data to a

PC through the USB
terminal

RoHS compliant (EU)
CE compliant

) Measurement and Power Solutions™
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Awn example of two-parameter measurement
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Forces:
@Electrostatic force

fe =qk

@Fluid resistance (Stokes)

Jr = 3mudy
@QGravity

fg:mg

teamMaTﬂ
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DY namic Method

STEP-V#9, 26 Feb,2022

Forces:
@Electrostatic force

fe =qk

@Fluid resistance (Stokes)

Jr = 3mudy
@QGravity

fg:mg
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DY namic Method
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Dywnamic Method

‘ \ Particle inlet

Side view

x >
I ...-.-.-...-.------.-..-..-.-.......-.-.- ......-..... e,
r .~
mg

@
X
Top view
X E g
| %
qE | — D

teamma
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Exameple of commercially available equipment

EPPINGE

PES-Laboratorium

The charge spectrometer q/d-meter

g/d-meter — Charge spectrometer

The charge spectrometer q/d-meter (former g-test) measures
the charge distribution g/d in fC/um of dry particles. The
distribution provides more detailed information about the
charging characteristics of the particles. It determines the
quantity of wrong signed particles and the low -high charging
properties. This information is essential during the R&D of new

materials and components and to understand the process.

The measurement principle used is an indirect method based
on the deflection of a charged particle in an electric field. The

deflection is related to the charge, and respectively the charge

to diameter ratio of the particles.

Standard measurement head with toner deposition

https://www.epping-pes.de/our-products/qd-meter/

STEP-V#9, 26 Feb,2022

The glass slides are automatically scanned in the parscan
device. The deposition points of the particles are used to
calculate their g/d values. Particle diameter can also be
evaluated when particles are separated on the glass, means

they should not touch each other.

q/d-distribution
measured with Epping g/d-meter
00

—Sample 1: a/m = :23.2 4uC/g

—Sample 2: q/m « 27,3 4uC/g

amount in percent pixel

o/din fC/um

Available results include the

e g/d distribution (charge per diameter of the particles)

e q distribution related to diameter q(d)

g/d distribution related to diameter g/d(d)

g/d? distribution (charge per surface area)

g/m distribution (charge per mass)

“diameter distribution (number and volume)”
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E-SPART Awanger — HosokRawamlicron
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e
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Number of Particle

0 - \ : :
—18.0 15 0 -100 -50 0.0 5.0 10.0 15.0 18.0
Charge/Diameter (Femto — C/10micro —m]

- B2 ERHE N — R TR R
http://www.hosokawamicron.co.jp/jp/files/items/2095/File/202010_kgs.pdf
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@sampling is challenging always.
@otherwlise in-situ measurement.

o
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CrFEM
@collold prove
@Levitation

@Move Ldeas arve needed!!

. &
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