Hi-E

AC = FIERA AT A T D
A A A AR VR S B3 DA SR

TRk 25 4 9 A

RIER R BB T 22 SE R
INVEER VA 7 TR A SR

HAK A



The Method of Determining the Optimum Frequency of

AC Corona Discharge Air lonizer

Kengo Yoshimizu

Abstract

In the manufacturing process of electronic device, decreases of
manufacturing yield due to electrostatic charges have become a major
problem. As a precautionary measure against electrostatic interference,
AC corona discharge air ionizers are widely used in assembly process
AC corona discharge air ionizer is device which generates charged
particles by applying a high voltage to a needle shape electrode that
called emitter. The charged particles generated by the air ionizer would
be absorbed by the charged printed circuit boards (PCB) which are typical
products in assembly process. |t means the neutralization of
electrostatic charges could be obtained by using the air ionizer.

The performance of air ionizers depend on operating conditions.
|f the operating conditions are inappropriate, it may cause not only poor
neutralizing performance, but also the static charging. Static charging
is storing charges on the charged PCB. Therefore, the relationship
between the operating conditions and the performance of the air ionizer
should be investigated to operate the ionizer in the maximum performance.

The operating conditions of the air ionizer are classified into
three groups. Those are the applied voltage of emitter, the frequency
of the applied voltage, and the distance between the emitter and the
charged PCB. The performance of the air ionizer is classified into two
groups. Those are the neutralizing power and the fluctuation voltage.

The neutralizing power could be defined as neutralizing speed. The



fluctuation voltage is defined as the voltage which is generated by the
charged particle accumulated on the charged PCB.

The purpose of this study is to find out the optimum frequency
of the air ionizer used in assembly process. The optimum frequency is
defined as the frequency which has the highest neutralizing speed and
the lowest fluctuation voltage based on the charged particles generated
by the ionizer. To find out the optimum frequency of the air ionizer,
the performance of the air ionizer in different frequencies were
investigated. The experiment set up consists of a modeled clean room,
ion generation unit, and the charged plate monitor (CPM). CPM is the
equipment which measures the performance of the air ionizer.

Even though the neutralizing power would be increased by
decreasing the frequency, it also may increase the fluctuation voltage
in the same time. |t means in the low frequencies, the charged PCB might
be charged by the air ionizer.

There are two kinds of current in working area. One is the
displacement current and the other is the conduction current. The
conduction current is one of the causes of the charging problem.
Therefore, the conduction current pass through the working area should
be rejected to decrease the charging effect on the charged PCB.

To avoid conduction current passing through the working area,
both the displacement current and the conduction current must be measured
Because the CPM could not measure the displacement current and conduction
current separately, the high sensitivity current sensor was made.

The conduction current could be measured by using the high
sensitivity current sensor. The air ionizer adjusted not to appear the
conduction current component to reject the charging effect.

According to the experiment result, the methodology of finding

out the optimum operating condition of AC corona air ionizer is fol lows:



(1) finding out the transport time of ion from emitter to the charged
PCB (tt).
(2) finding out the period of the applied voltage of the emitter (T).
(3) finding out whether T/2<tt.
The optimum frequency (fo) could be given as follows;

fo=1/2tt.

This report could be summarized as fol lows:
(1) In low frequencies, the neutralizing power would be stronger
however the fluctuation voltage would also be high.
(2) The high sensitivity current sensor could measure the
displacement current and the conduction current separately.
(3) The methodology to find out the optimum frequency of the air

ionizer could be established.
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NEORBMR] T, L OMERRE D BMEREEEABRER I KIZT
MBIZOWTHRFTT 5,
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i, 12.3 A ERBERBEE & OBR] THRAZAEHIERR L0 A
FAFOEESRMERBEL LTz, L7z2i> T, JIEMSEE LT CPM &2 Az,
T2, A AT AV OBMIESIEI
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@ FEBREENOBHE Ur: 0.3 m/s,

@ BIEEME £:1 ~ 100 Hz,
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w

BIREE Ine O ERET DHZ
SRR AR OWIEIC BT D HIE
U\ Ejﬂfh’Db\“( /\%)

\

_37_



%3 RERENICRIETREKORE

/
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e
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3.3 BRERENOMERR] TiX, BIEHEE £ LERERRS L ORKO
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TEREE f DNEBREBRE I HEIZOWTH LT D,

3.4.1 FABEEPREERBESA~RETTEE
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PE] TRk o, EAE TEMEL TV AEA . ARk S R T AR
BEIRICEET 2 £ TOREXTRON, B Eh-Ek, 77205 ik
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YOG - BE)] THERSEIE U TEHITE S ERMEE R TERE
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D ZAMAEDE T, AR T 27 r 22k 5, kB, 20t
Y ORIEIL, 77 ) MOSFET, k1 & THEk S LT\ %, 2 Z T, MOSFET
WIXFREREEN L2 A F— RPN S E T L2, ZORMELE O T
HETI, IoIE, ZoRBMEENL CESHEE P EEKTHETO
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AR THREL TV LG HEEE ORI EZX 4-2 27T, 20k
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FTAV AT HIE, HREDITHEL RN LIRS,

4.2.2 FSEEL Y OBRHE
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D ZOREIREY FITFAE O R S TR ORI K & 2% KIET,
Fl.ZOT T FTONMERCE SIIA AT AR HET LIEROEEL ST,
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Z O G E Y o OREIL. MOSFET O #tEIC K& < IKFFET 5, AWFZE Tl
A L7z MOSFET (2SK241) @ I-V FtEz2fid~25 7O D2 X 4-5 (-7,
ZOWPERBEIZIBWNT, EIFHET R 7 2 B R8340A | EIEFHIHE
5 A A8 VOAC 7411 ZAEH L7z, Z D X 5 72[EI#& T MOSFET O 5 — k —
Y—AMINZ 0V ~ £5V OBELZHIL, I-V K2 lE L7z, ZORR
X 4-6 12T, ZOMNPLHLNTHD L DIT, ZTO MOSFET IZF7 7Ly
Ta MThLTEDIZ, F—MNEEN 0V OLEICH T v XD I,
Ves = 0 VAT TR RERMEE 2R L TV D,

[CEES L EALEWR Iw &7 2T FICHE LBk F IS < REE

Uit Tnc 138 nA BRE L WO BUNRERTHDH, £Z T, 2D MOSFET D7 —
b= Y —ZAMICKEREHUEOBIL 2 8eft L. 2 OIMPUCENL B & 5858
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WMEMTZ WL T, F— b=V —AMITELERET Ves ZFE I, HE
FetE O WIE & ATRE & L7z,

(3) #H1

KRBT O i 5 H BT Y O EENIZ X, MOSFET @ 7 — F — Y — X [#]IZ
P Res BDFAESNTND, ZOHEHL Res M L72B B KU RICHOW
Tl 2%, FiRo & 52, MOSFET &% — MEEIX Z OHPL Res O IRPLE &
EHL Res 2N L5EI In O TRESIND, LEEBn->T, ZOHEPL Res IZ
X, ZOWPUENEE L2 LngRkahd, Lo L., MOSFET iZiX 57— b
AL Z AT DDA A A — R — =V —ABIZHA SN TN D,
DX AF— R~OHNEE LB E OBRIZERETHLT-H, ZDOXA

— NICRAETHIEER TR — MEEICRELZRITT L, ZOREEITE

WCEMELR< b, £Z T, ZOkRES A A — FORMEEMT~, DX A
F— NIZHARTHSIERWIRILE 2 A 4 — NI N AT 5 Z ST LT,

RiEX A A — KD I-V FEZHET 272D DOEEZM 4-7 ITRT, 20
HIERB BT, BREIET K37 2 MRS R8340A | FBIE G 1A IR 8
(SR8 VOAC 7411 Z2(EH L7z, Z @ X 9 72T MOSFET O 47— k — V —
AZRNZ 0OV ~ 14V OBEZEML, I-V FHEEZE L, ZoMEEK

4-8, 4-9 |27, 4-8 137 — NMZIEOBEZHIIN L7254, K 4-9 1%
77— Rz HBEEHNM LG E0ETHD, ZN6DOKITBWT, 7—
Mz EBELAZEIMUZ5A81E, 3V BEECIXERIZ 1 pA LLFTHY .,

BAOBEEZEMLZSGEIE, 8V REEETITERIL 1pA U TN ThoTo, &
7o, BIEE LA &5 I1006 o TEIIIHR A 1T B L, HNEEOMEIHEA 13
VIR D & RN ER D FEZ R L TnD, Zib D I-VEEDRE
Kb, F— b=V —ZABICHINT 2 EE Ves LIREX A A — FOEHLE
Rep & DR E RO =, ZORREZK 4-10 13T, ZOMIZEBWT, Ves 2
-8V ~ +3 V OHPH TITEPL Rev 1T 10 TQ BLETH Y, WEFRFETH -
72o T 0 MOSFET O#itg L7 — NEEDOHRKFMEEIT =5V THDH, =
DG, ~5V ~ +5V OFFAIZI T 2 HPUHE Rer D Ie/IMEIL Ves = +5 V £
T Rp=1TQ THLHZ ENDLND, 7F— =Y —ZXEIZH AT LT Ros
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2, PREX A A — FOEPT R DEIZHEASTHR /NS WIRPUEEE S Z &
WEREND, £/, Ri#ELA A — FOEPUE Ree 1Z, 7 — MEIE Vos 23 5V
FIETRBICZ L TWD, ThbaEEL, F— =Y —AMITHATE
ZHEHT Res D RABIL. HIZ Rep >> Res & W9 b 27— HHil & L=,
AHFFEICBNT, Res O AMEIL 100 MQFRE TH D720, Ree &N 5 B
MRIERRZEDIRAIC 2 5 Z L1E7R2 0,

4.2.3 HRHEERDEDER

AR O Z ALY T, MahmEr Yo EA/E- L, 2o
BHESIXER a2 A E L, I Rs 2 &35 = 3L X —HliEil & o+
TNRAATHD, TZ T, ZOBHEEZM > T, M4-111ZR-F X5 25
B2 YE L, ZORIZREWNT, BEEIE. 7Y v VEIKICHEAIA
NOEOO|PLE LTHEHAIND, 2k, 7V vy VRIEHFOEF R ITT Y
VDY ERD T OPFEAESI TH L, Z0T7 Y v VEIEOH ) & A
T (THRYRA A AV A YR TLOTL) T 20 fFICHhE L, fii 545 &
UV OHAEE VoL T Z LI LT,

4.2.4 BWEHEELIORE

ZITIE, BAWEE Y OREIZOWTHRHFT S, 2ot tiE, ®BiE
DAFEDOAEZFEFBICEET D MERFOAETHET 2 AV =X LI
o TW5b, T72bb, MEFICESSBEROAELWET 7200k
Y CThHDH, LEN-T, BHEEHOT T FICHATLERE Ih, B0 b
DHNEEE Vo b5, ZOVATLADOFEM EOREE S 1T oVo/ 01 &
%5, o, TR, REE S FOFEMER TR S TND, Lz
MoT, ZOBSYOT T FICMERTREET S &,

O In DEALIFITHESNT Ves BEAL,

@ Vos DZEALAITESWNT Ros BEAL,

@ Ros OEALITIZEESNT Vos BNEAL,

@ Vos OEALZITESNT VB AL,

® Vs OZEALFITIHSNT Vo BNELT D,
LR ->T, Z?D0oVo/d Iald
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dVo dVo dVe dVos 0Ros 9Ves

=, . . . (4-1)
0In 0Ve 0Vps dRps dVes 0la

b, 22T, Vs lZF— b =Y —ABOEBEERET, Rs TR A —Y—
ZHOEHT, Vos TRV A=Y —ABOEERET, Vs X7V v PHEIEOH
NEETHDL, 22T, O, @, @ I, REHBOKHETHDL, £/, @, ®
%, JELEEORMETH D,

Ko YIX, AT T A FDERR L T R S ERE U B L 72 & e
AWET L OO GmER P ThD, ZovrPiR, WEORELT
TFICHMAT HEIMIC L > THEET D, Licd> T, RO S HEE
DT T FT~DANSTERDEACT A & HITEIEDOZEA AVo L DL
oVo/ 0 Ia NG HELVOER EOKE S L7725, £Z T, Res /37
A—H L LD HEL L FOT T ~DOANER W EHGHEE
VY OMAEE Vo L OBBRER Lz, TOMBEEK 4-12 1ZRT, ZO
BIZFBWT, Res BWRELRDICHES T, 9Vo/ 0 I ITRBITELL TW D,
F7o. Res DRELARDITHES T, Ind Vo RNEMBANTE LTV B EiPH
bbb flSHEY P OMEHHEAL RS RDZEDNDLNL, ZORKRLD
S HEE T OBEITEI Rs ICKREEKFETHZ L2 D

ZoffiGEEY Y ORE S 13,

E

S:%= a +Res (4-2)
ola

ERTENTEXD, T 2T, Res (TFEESENAEDT, o 1TH D D KEE T
bbb, LItin->T, flgEr Y OHEE Vo 1%,
Vo =« -Res- Ia (4-3)

ERTILENTED, ZOXLY ., @EHHEEL Y ORISR HUT
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ResliZHL o TREENEDLAZ EDRbnb, 22T, KXt oV TIEHESEITIL
U TR RN P Res 2 10 MQ ~100 MQ O#EIPFHTHHICE 2 b A RS
L LT, Fo. ZOHTIEBEBENSGT T FICHAT AEI A 2RO HERIC
1.

Ia= Vo (4-4)

a Res

THEHTAZ ENAgEER D, LN - T, figHELr L VOREBIREE
JalZ,

=t Ly (4-5)

Scs a ResScs

Db, ZIT, SslEffiSHEE Yo7 T T OmEETH D,

4.2.5 HEFHHEOHE

RO X IR LG HEr o W THERELRE L, 22
TIiX. ZoOFERMEOHEIETTE, BLOHIER RICOWTERD,

(1) HEH

TUTTICEET HMER T OFEIX, MHHEZC T NLRLNLRE
BIREE In KOG EITo7, ZOEREZITIICHL-T, I v F~D
FIANEEE Ve 1% 7 kV —&, EGHE Ur 1 0.3 m/s —&, = v X051
B POT7 T ETOREME Dee 13300 mm —EE Lz, 2B, ZOHlE
EATICH T2 T, AT A VOEERBEE £ 1X1Hz & Lz, £/o, R3E
BRCHEAT S HEL IO TIE, — i 4 A FOREBEERE
FE Ja 2% 10 pA/m* RETHLHZ EEFZEL, £0 10 5D 100 pA/m* £T
ZREFRMH & Uiz, B, ZOBEMEEDOKERL 237 > 7 7 (Ses = 75 mm?)
WA LT, Z OBl 10 nA FRE LD, £ 2T, EEEFUHIEST Res
IZOWTIE, EEEETHETS2720Il, ZOEBRICE>TSY—hF—Y—2
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[ #EHE 12 MOSFET 73 B sEIsk A 7~ 95 JE i PH (£0. 5V) 233 AT 5 K 912 Res 1X
50 MQ & L7z,

(2) JERE R

4 4-13 &, A AT A VOEEREEE 1 Hz, =3I v X ~OHMEE Ve
Z TkV CEMES BTG A0S HEE PO MR TH L, ZOMELD,
RTR DR 4-3 TRLIET 7 FICRET 2 M Eh IS <SG ERDOE
ME—27 ZHRTHENTE, ZOMEND, AV THEOHEL
RTLHLILENTEDLHEBERZOLND,

4.3 MRy — MO ERME

4.2 5 w8 OG- #F) Tk, HEMEZHETCE 2B
AR ST, ZOfGmEE I K DHEDOBRICBLN D B — 7 1,
AFFTAYFRER LB FICLOIHEELZRL TS EZEIBND, £
T, REiTIE, BSHEELCHICE2MEDORICENIEIRE —2 OFEKE
HERT D720, K 4-14 13T & 0 ik — F OREEREZITV, 5
W I XD HERR L T 2.

4.3.1 #BET— MCELDHEEROFE

Mgy — M X 2WEEROFEIZ, ROBY TH5H, 7. REEE
ThHEgIA Yy — BB S RETCA AT AV 2EfEsd s L, £ 3T A4 Y
AR LT i R F 3 M IR — A E S Y 5, RIT, ZOHE Lz
Ky —boBEMEREBENMGT (ta—2 b7 br =7 AR
MODEL-720) THIEE L., A AT A VIC L HHBOMRT 2858+ 5H, 22T, Z
DRffFAy — FOWBEBEENEHL LD L L, fGHEL L VOBEHRE —7
MHBETDHZ LT, MBFBLHBATTAFICEILOHWELERL TWNDHLEEZXDL
b, LER->T, 2L - oOHSENFEBICEATIE, S Er
YOE—7PNHEBELZ TR LTSI EICRD, BB, ZOHEEBRTHTTS
SEBRAEE T,

O #MaxIss — EREH A AT 1 5,

@ A AT A,
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@ s L&

@ v—Iv R,

® i ENE
ETHRRIA TS

COFEREITIICHZ - T, EFREENOMEBEIL D — b A HoE IR
FIEEC Lo THETLWREEN DD, ZOmEIL, KEROAEDHFIRA L 72
Do Fle. AT TATOZI v ZRA T T A PR LI EBRL B3R AT

BHROZENREENMFZBEND ZEBNBEEShS, 22T, ZhbDE
BrRELTEREZITO ZEITLT,

4.3.2 MK — N OBEREE L FMEEORE

AR D K DT, MKy — FOFEERELIT O, A X T A FOMER 7
PWHEAELRS THHENBNDL Z ENBXAObND, TOFBERIT, Zo%

FTond, —old, HEEEOMEREE — Ly —haRET o —F =N
BNLOZ LI~ TALDEREFEETH L, b o o, MEIEE DMK
V—hE U= hEET O e —T—LOEMmARINDL Z LKoo TAL

HHBERETH D, Licho T, Bk 123D < B A2 JIE T 5 B,
Mg s — MIAEL 2B ESCHBEREDRBLRETOILER DD, £
ZC, K 415 ISR TRBREEE 2 0T, RS E 2 @ E S BB oMk
v— b OWERIEEZRF Lz, ZOMBREK A-16 17T, ZOREND. Ml
BErEES LA FIC-10VRREICHET 22 LN/, £ 2T,

OB ERET HIDIC K A-1T ISR T X ) Iefifxik o — RBRER A 4
APFEHEL, ZOAFTFTAFICLo THERIES — N ERET D Z & 2ilA
2o ZOREREX 4-18 1273 T, ZOKNSLLND L DT, BEESHEEC
LIk — b OWEIL. REHAAT T AT E2EHT 52 LT 220V OHiPH
NIZINZ oD I ERMRETE, 202, BREHA A T4 2HH
T2 LICLo T, MfgiEy — M BEERSHBEC L - THET 285X
WEBRETE D ZENH LN ST,

4.3.3 A X TFAFRLOHEFEORE

B 4-14 TR L R E Tk — N oW ELHE T 256, RKiFEE

o
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LIk D 2 B OBELZFARICHET 5L Ex bbb, T72bb,
O HEHEICESSKEBEVo : AT TFTATFTOZI v A FF A PR
L7 R T F AT 2 EARICHE S EE,
@ HEBIE Vo MifxA T — oW BICE S BIE
Thd,

ZOWMBEBRTIL, A AT A FRER LB L D BRI 2 E
LTWHDT, HEFGICESSELE VoIlTAEDORRKE E 725, Lizho T,
COEEVoZBRETDOMEN DD, £ T, M 4-19 13T K 5 ICRMEEN
oMz RO — L FTHEW, EEVeZRET L L2l Al, 20D
U RT E Iy — b RERE L TR EEZF LS RETIE, REE
NEHIERE Vo I2IT 2 RRT 5, 4-20 X, ZTDO X5 72RETHEILE Vo 2
ELEHRTHD, ZORENS, =V REBLZICHEDLT, K&
MFHZIZE500 V BREOELE VoSN BN D Z ERBH LT 72572,

ZIZ T, ZOEEVoDBARET D202, £7. K 4-21 (TR T A,
ThOLREEZBEIEIRE T, HEEE Vo &L EE Vo Z [FIRFICHIE
L7ce I, K 4-19 (R THE, TR0 REEE L IO T RETEE V
o ZWE LTz, X 4-22 [T EELE Vo L EBE VoD T, T7bbHREENMED
MR R (VetVe) Zacd, £/, K 4-20 IZEE Vo ORERRE T,
INboIZBT2REENMIFOH IR (VotVe) LEE Ve DEMND,
mEEE Ve HH Lz, ZOMREK 4231277, L7eh-T, ZDEH
RHEIC LS TEEVoZERETE A Z EBH LN T2,

AN 4=21 \ R T HIETHERE Vo EEBE Vo Z[RRFIZHIE T DER.
KEBEMEFFOH NIRRT E O (VatVo) &5, LN - T, RiEEN
SFOREN BT, HEEE Vo ORKMELEE Vo O KIHE% [FIREIZHIE T
EOMEIZLR2TNER6R, $bb, REENME OB ENME T,

Les = Us-T = (4-6)

| =
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EHET HMEIC LRy, 22T, s I v X b REE
(3t E COMRE,  Us Z#3ES — F OB, £ 131 4T A FOBER B
Th D,

4.3.4 HERRIET — b OBBEBR/EOBIERER

Mafg i s — b &2 S o ERHE O ERIL, A AT A FOBMIEREE £ % 1
~100 Hz OFEPH CTEIL S, [4.3.2 A A FA P DLOHFEFLEOEE] T
WARIZWEHETITo7, ZORRICBWT, A 4T A FDOTI v ¥~
INFEIE Veld 7kV —&., = v 0 bifftixik s — b £ TOMHERE Der iX 300 mm
—E, B Ur i 0.3 m/s —E& Lz, £, WE/BROFEBL Vo 1L,
EEMEDHKMEN O HE/MEE TOME Lz, ZDLHIC L THIE LR
4 4-24 2”9, ZONG, BEREE £ AE< RIS T, fxidk s
— FOREBIZESSEEREITELS 2D Z EBbLND,

4.3.5 GHEE VORIV TL—Ta v

(4.2 fiGmEt OG- "/E) TRERSELHEFEE YO X v
V7 b—va v &itolz, 20Xy V7L —ar&2{7H10%zoT, =3
v A~OFINERE Ve X 7 kV —E, = v bk — B LU 5
A L E COMEBE Dee (X 300 mm — &, B UriX 0.3m/s —E & L,
. EIERMEE £ 1%, 1~100 Hz ofii c&fbEE, 20 X5 ekl
TC, lSHEL Y EENL TERE—2 OFELHE L, ZOfRL
B 4-24 \ZR LTEREREZERGDOE A NK 4-25 TH D, ok, AU
TITHFEEE Vo 28 100 VL EOLA LR EREL L TR Z &L 7,
ZORBEIZBNT, MSHEEL Y OB E — 7 SR TR G
TBRYDEINTWD, —F, B E— 7 BBV 7= 8 I P Tk
TWY OS5 INTWD, ZORENL, G HEE L FOERE — 7 HEih
TV D JEER ISV T A s — N O EEETRMIC LR LT,
Thebb, Mk — MAHE L EEREGE L S EE OB —
7 WENTJHREFHEN KT N bns, UEORKREIY, HHE
UV OBERE— 700, HWEOAEARILTE S Z E0RH LN ST,
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4.4 &
KETIE, WREYOBERRICOWTEEMARBRI 21T 9 -0 DO 5 H#iE
UV EREL, REH WEEITo, Eo. BOHER VY OERY —7
PR EDOHFEZRNEL TWVWDL L EHERT DD DHEFEREZIT- -,
ZOREIE, LT L IcELdbhd,
() MELEfGiGWEE V2L TATOTTHEH LGS, REEI
BERZIZE—27 PNBND Z B LNTR T,

(2) Zovr—2 3k — MFEERCHAI L -mEL R TEE S —
T2

(3) fligmEE P CTHERMEORENTE DI ENHA LN T,
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‘ 4-1 [ZL®HIZ ‘
4o BZTHEESY 43 HEE—F
DL -24E DEERE
‘ 4-4 FLH ‘
-1 E4EPI7O0—Frv—F
< > Antenna
G
' ®
GS Rap
'1_1__ 2SK241
S D
«— Rs —

X 4-2 BawEtoHOBREE
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Total . W
Conduction | =
< / CurrentIa Current IaG o
+ @®
S =
)
& e S
=] | ..
O . o)
Displacement )
CurrentIaD £
VE L
Timet
4-3 H—b+—Y—XEDOEH Res [THRNDER
® 10 mm
Antenna ? --------- -
H=10 mm
Charging
system

4-4 BEFEELVIDT7UOTTIOMELKRES
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MOSFET
(2SK241)

<A> — 5V

250 Q

4-5 MOSFET @ I-V %14 5% i [=] 2%

20
215- ce s
2 ‘/"”
+2
§ 10 | $
3 b 4
£ ¢
S 5}
5 :!
r d
01”’0”M| 1 1 1 1

-5 -4-3-2-10 1 2 3 4 5
Gate voltage Vas [V]

4-6 MOSFET o I-V %%
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MOSFET
(2SK241)

/ G
—7" Rap

D
41 REFAA—F O -V 4 EEEE S
108
*
108 |
.
<
2 104 |
E *
.0
102 .0”
0”’.’
1 ’...’00
. 1
0 5 10 15

Voltage Vas [V]

4-8 BRESIA—F O -V HE (Vos CEOBEZAMLEHS)
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8
10 .
106F o
<
Syt °
G -
! -
102}
IS
12
0“
1 BALZN L
15 -10 -5 0

Voltage Vas [V]

49 RELAAA—F O 1V 5 (Ves CEOBEEEMLIES)

Resistance Rap [TQ ]

O = N W H O O N ®© O
'I T
=
[ 2
g
[ 2

-5 0 5 10
Voltage Vas [V]

L
o

4-10 4—b+—V—RMBEE Ves LRES A+ — FOIEHIE Ree & DBR
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«— Detector

Ras
I 4 2SK241 20k Q
A Vas 2500 —
. N —
«——— Rps —
P > 1k Q
Vs O———
Ve —O
—___H Vo
JZ' T 1kQ TLO71
Rs 250Q
20k Q
(|
'
6V
-11 EEFELUYOEEKEK
5
egEE EE N
4 |-
A
3 [ AA
= A
= 9 -
> | A .I..
g | Ras =10 MQ
S /
= 0
S { n
'5’ I [ u .A
g a" A
8 -2 7 N Ras=20 M@
A
-3 [ A Rgs=50MQ
EEEEER
-4 ¢ \RGS:1OOMQ
_5 | I |
-20 -10 0 10 20

Input current I 5 [nA]

4-12 L Ras 21\ A—2 L LEKOEEFEEL O YDTUOTHFADARNER
Ih EHAEE Vo DR
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40 r 19 10
o V
E 30 - - _
< 2 K/\J 15 =
—_ A ;
= 10 F 9
> (O]
.-'é 0 0 =
510 - :

b}

= +—
§—20 - 4 -5 E
= L
a —30 F

-40 : -10

0 05 1

Time t [s]

4-13 EimpwmEL YOHAFER Der = 300 mm . VE =7 kV & L=HE)

' Emitter

Surface Potential Meter

/ / \\ \/Insulator Sheet

0000 @@ dE @G)@@\Z

o M

4-14 #BBHAHD— FOFERFEAEARREE
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Surface Potential Meter

/

©C "~ O

4-15 #EBAE—FOFTERUAERENDERFTELRMTEDRE T X

200

o
o
L]

Voltage Vspm [V]
o

-100 F
W
_200 1 1 1
0 05 1 15 2
Time t [s]

4-16 #EE—POFERMERNEEEDERFTELRMTEDOMNERR
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Surface Potential Meter

/

Ionizer

Vi

O = O

4-11 EBEHBLIMTEOREAZE

200
E 100 F
=
&
> 0 ‘&W"_& - —
(O]
ol
S
o
> -100 }

=200 1 1 1

0 0.5 1 1.5 2

Time t [s]

4-18 ERFEELIMTEREZROAEHER
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Metal Shield

Power

Supply Emltte/
Ionlzer (\ ‘

T W

Surface Potential Meter

B 4-19 A FFANEFLEFTBRHFEIIVEANOHKELLERICEDC SPHD
BIE A&

2000
1500
1000

500

SN N
wf NN

-1500
-2000 : : .

Voltage Vsem [V]
o

Time t [s]

B 4-20 A A FANEFLEFTERHNFEIIVADNOREAELLERICEDS SPHD
AR
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= Metal Shield
Wl Emitter
Supply

<71
onizer | © < | Eﬁ
T I‘L ‘L l’ l Y-Y-X-) Lf;\ PP S00O
- N

Surface Potential Meter

4-21 TISvADLRELEEREMEBBAS—MIHFELFAERFICTEDC SPN
DRERE

2000
1500
1000

I VANYA
-t/ \

-1000
-1500
-2000 . . .

ge Vspm [V]

Volta

Time t [s]

4-22 TIVADLRELEEREMBBEES—MHFELLFHAEHRFICTEDC SPN
DHNER
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2000
1500
1000

500

~500 ?“‘// \\\-~‘// ™~

-1000 f
-1500 }
-2000 . : '

Voltage Vsem [V]
o

Time t [s]

4-23 BEKS— FHELHERTISE S C PN OH AR

1000
[ ]

800 F
600 F

400

Voltage Vspm [V]
[}

200 |

0 B ° °
1 10 100

Frequency f [Hz]

120 RS — MHELEHERTICES < SPH WD DR RRIKEE
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1000 T
Charge reglon§ Non charge region
goo }
S
Z 600
> g 3
o i
g 400 | i
2 |
O |
> |
200 F
> .
0 : i s i 4
1 10 100

Frequency f [Hz]

4-25 #HHBAE—MIFELLHBHFICEDS SPMOEAHLEBEFEL VY THI

ELI=HEREEDHER
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956 E R AR OWRE

B 5 E RERAKEKORE

5.1 XC®IZ

55 38 FRERENICKTTEIRBORE] Tk, SHEOREREN. T
RO BLEREFEE T OOREERS L, WOl OREE, FREFB O 2R
BEMOBEEEKEEZRF Lz, £72, 16 48 fiSHHEL P o:
BUE - T TIX. EBREYORERMEEANE S 2200 S EEr &
BRI L7, T2 T, KETIE 5-1 07 a—F v — MIRT LI, 2hbd
DEREFIH LT, A A FTAVFEZRERE L TREERETEESE 200

W 2R ET DD T Ewm AR 5, 15,2 REEREOER
RETTE] TIE, AR BOERZRE L. T OfclEARBARET D12
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