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Fig.1 Diagram of energy level and observed
photoelectron spectrum in XPS.
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Fig.2  Schematic of ‘an insulator sample of

thickness ¢ with high resisitivity p in XPS,

showing the total secondary electron current I,
the absorbed current 7,,, which is usually
equivalent to I,, the analysis area 4 and the
surface potential Vp.
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Fig.3 The model of differential charging
across a surface on the shape of
photoelectron peak caused by non-uniformity
of the X-ray flux[1].

g—7 (X#) 2MERE L TWVWDIEDH,
To—TBRBHIZILVERBSEBEDLTF ¥ —
T o7 TEARY, REREI»L ZKE
FEREBTARZIECEIVEFRZTHZ
FWESIEDF vy —VT v TBRRTH D,
NN dD, Fyr—CT v T EEAD
BRI A 7-MEEZIT, BoRETF —F
DITRNF—EA2HETILENEL S,
EHDEA., Au ® Ni EOEBD 7 =
WM E KT EEDANAE, T
NEEHRT DL E, (HDXIE

Ey=hvo—E —¢ +V; (2)
tREND, V,ERABEHBOEM T, A
BEASLESFMICHLTHL—EDET
HOHEE, MESND AT bVIE TV, eV
EFEESH A —@licr7 T3,
Fig2 WaART Lo, ABOKBEEIE
% 10" Qcm, ABEA % 0.1 cm, ¥
RENPOHHENDI ZKEFER I, # 1
nA. XHEDRBEBE A4 % 0.1 cm™? (~¢3.5
mm)é$5 L, REEXREREN V13

Vp=pf4]e (3)
L0100 ev &RDON, BHEFF XK
ERWVWER 100 eV E— I BREEZ R NLF
—MNMRKEWFHEA~Y7 T 5H, LarL,
TEEREORVREMOSEIX. F &
ERBNEORGBEFBIZEMAEFT S,

Fr =Ty TS

BIZEABHFXBRBEO R L —L 0D H K
TVWRBEEEME AR TLEW, AE
EEM2POLDHEREBELEZKREFE»D TRL
MO BBATCRAEENIIBEL TS
TKRBFREDF ¥y —V T v 7 LERE
REWCHEZELIHFEPMICET >R B
WET A, *TORERELT, AT b
WYy Z7 T B3ETTREERVEHRE
WZRBDBENE N, TOEZH, BEDH D
BETCEIEETMAILELRY, BLHEH
EBaFELLTEZRLF—DEFE—
LERIZEDZFr—TVONRT R E2ERA
LTWBZ &EnEWn, HFEPMEIT- T
L, REZFEOBUILARBEAREIH
MIZKHFLTHL—FIZLRORVNEAEDEL
(Differential Charging)., B XA EM D H
DPIFRNLF—EBERFESDOT, BIEXN T~
XPS AT pFAL DY — 7 HRICKERE
BERET, Thd, #EBORE % #
L LTWAREAZRRETH D,

2-2 Differential Charging

RBPEWORAEBBEANTF ¥y —2 7T v
TR E X R A 5 B & % Differential
Charging & M 5 ([3], Differential Charging
xHELD L, BHElanD XPS A7 kv
DRERETIEDONTLE >, TOEAIT,
BRI L 2RABRBEMOEWIZXD K
BEFVY—7 0T R2AX —{ERT ML,
AR PABRERNLDOERE—7 L LT
BRAEZNANTWAEHTH D,

Differential Charging BN E A3 3 RHE &
LTk, ORBEETOME., QI X #
BROEBANTOBESH. OQRBED THEE YL
FoH B89, OAB LHAB KL F —
DEMER., OFEFTHNOLHLDOEFLE
—ALhERBOAESEI LT LR D, O,
EmoMMizIvBEXBRREEEHSM
DEDHDOBEBTE—LEBHAE (HDWVIEE
E) CENTOELOEBEL B &
Zzonbd, QIZEALTIE., XBRTHE
HBEZRETOHIEERCXR OB FHigIZ
HLTHo/ha< 3R VEBERRZER

-39-



Journal of Surface Analysis Vol. 7 No.1 (2000) £ 7 FF

LTWABEEEAET D, TOBEMHEIT,
Fig3 WRTEIICXBRIZHEESH (bk
HOBERXKRESADFZHIIW) BH 5D
EHTHAH[1,8,9,11,12], £, XBEL
BMThdr7 /) —FREOREIZL->TH
XBOBRESHBIRERETDI EBbR B,
Differential Charging ® & 3. F 25
EEROVTHMMPELLS, XBRLET L
—LOBFAEHEEZXHIRELTF ¥ —
VT v T DOREEENIE, E— A,
E—s B, BRKETRENIZHE T3
VEXD D,

23HFEFIOL &

HwEMO XPS BIETE., ADOER % #
BLZWVWRBOIRABREREILTF Yy —V7
v 7T 5, BHEIRIC Mg KafftE X # # X
RETAHHERBILXBETAVEEAIZ
B, B XAV F—-FEBFE—LIZEDAD
EMrHBH LR THLF Yy =V T v 7
B0 7 R eV URIZMZ 5
N34, tOBBAEN, XREDOEHITA
B2 Al 740060 RKRETFOH
B P TR RXBOEERE T RMENT
WHEHOTHD, LrL, BELEXRIK
DHEE. RBBAVICZKREF»RESH
DHOERL, IFEAYOEBTRHE
FRAELLTED RV -DETFZRH
THHFEBRALTWS, L»L. EF
DXBBOEXIZLDIEERLEOMIZ
BMEH L U AREEMXBRR LAV
BOBRBIZL V13][14]. HE P fuFEIX
BEHELLTETWVWD, FEFMICLER
FHE., BExRx L F—DEBFH oI
HTEx RBREHOBWLEIAF Y-V T v
TOEBNRLERIZ L SEIZR L TERIE
REENBEIZRSTOLNDZ END D,
LTIHEBEPREEOH ZRT,

2-3-1 B X AVX—BFE—L2BEEZAV

AWk
EFRHDRABOFEETTOL DI, A

ELRWESOEH2~vRA7E2HAWNT

—40 -

Fy =Ty TEHLS

TE3EFHEL L, BxRXALXF—0DF
FE—LE2BETIHFERED BB T
b, ExoFALX—DEF L —L5RE
WAFIZEWERA O AF L, AE LT
BEFEDLHI>»Rb0&EEY., R ERMN
FEHEBLEBAERETFE»LE T % #
BL, BEFREBRICR B ESITEFH
fffgahR< 2, EWVWHF v —YDAN
SUREITBIETHFRNTH DH[15], kK
BHEAVEE>BA T 2EEXKERZ
AWEEBEORES, "TEHEO2MHERE
DERT_REFREEDFEOFEWVIHE T
vAZ %L, TRIMhHEAEHET LD IZ
X#BEBHNTH I LIZIYVRRETDI IR
BFLFr—UNT U 2ADEDHDIZHWD
L2k FT B LT, Fr—T v TEKX
BIZHETE 5[16], VA ZDEKELR
LT, T — VNI U2RORE2EKET
HZRABVHEINTEB(T].,. =2 —F—&
WWEBPELRDIZD, ZTOLHIRTXRE
ENAHcT tErxrBEOTE, £, ABER
T—=hEF e RN —=DT — AN D ENE
T, BT E—ALARA AV E—2DERMA
ENMTED LIRS TWNB I EBEV,
BEORMETIE., 7T—Ri¥ya—rLT
WBEN, TOT7 —A2Aa4 L TR AL E
—2kEZEELTCRELEFREEF
MR TELIHZALDH D,

232 BB L UV X E2AVWEEBEOHEF
fn

BERER /Kratos #E%° VG #R D &if
D XPS HBEEDNDLHIZ, BFTRILF—4%
WEOAHF LV XIIEBR LY X2 H
LT, EVER DALY EATERESE S
FEERLZ-EBEDOHFS(18]. 2-3-1 Tk
RIEELIREIRALF—DOEFE— L
FIZXOLHBEPRMFELTRAND Z &N
TERY, REBADICHERD DB IX.
BEEAroRABRA~ETEMHEIES
TENRTERVWED THD, M7 HEH
D CEREIZE D A3 [19-22]. REHA L
VATOEBIMOL I ab—3 a3 vE



Journal of Surface Analysis Vol. 7 No.1 (2000) EHFEF

TR % Fig.d IZ7F, Fig.4(a)ld VG
B OBEE L  X %R L[22]. Fig.4(b)
BREAEL UV XE—-NTHERALEBE T
HDH, EEPHAOEFRIHFEL X
DHFIZEBEB L, AT7TY v F—EMIT L
DELLDL VY RE— N EBIRL T,
T4 A MDD REBENDEFDOBNE
FRESIED, MBEBL U XE—FO%
Bid. BMRRNTL X OB EF B IZ W
BETEKEZRANMNXF-OBFEHEHIEL
N, EFzRABICHETE D, FF
B L XE—-FNOHFEHET., Ly D4
AL E=ZRAXF—DEFEMEH L. 2-3-

] TR ZEEFEBR LTV D,

Fig.4(c)iZ B E R VERT /Kratos fL 2! O BL 5
By XxR9[21), VG #HMREBEB B A
WEFHBRE THD 7 4 T A N ZEE
LTW3%, Kratos #ft Bl OB E PR Fn F &
FEWZz=—/sT, 3O2OBFHBFE
ZRY AN TWD, XPS TIiL, 200 eV Ll
FoBEEB XA F—-DODHEBEFEL—27 OB
EE2THODIEVBE T, £0=H AW
Z2#BOBIEIAEILOHEEINDET
ANF—DEF (<10 eV) IT& 5 TiX+
SR, MMAOBRITEL D LD ICIRIEE
BrlLRaBo@dEB»oBIENE, 4.
Reflector(Charge Balance Plate){Z-2~-5 V

Fy =T TEHLE S

DREEFMET B L, b0 B
NEBEZFLX—BF e, I OIBREZHF
AICEL, AP OEFHEHRIIREYTE
FHETSEICRD, E. AR LE
FHBICIVABREIPALZT Yy -7
YT UEES., 747 A P00 HEE
NEEZRZ L —DBEF e, AR & T
FEIChE I#R E & & e 23 Reflector & &
BREIERTHUORBIRA~REND
koA, THICED . 2-3-1 TR
OBz ALX—BFOEFELTAS
EHizEEAL., FEPMOBEHMHED K
IREBEEETHEEZLND, £, T
A ADARKBLELHIEF LIV LEVEY
TRANK—DEF e, 3T ¥ —T+—h
2, BT RXAX —DEF e, A —N
— 74— AWK L 72 Y Charge Balance
Plate T B 289 5., € 12 £ U Charge
Balance Plate 2> 6 =R A F —D K E
F e NABFRICKEHEN, FEFHWO
BFROEELHEI, REBETHEL L
PET @ C 1s DA~ k)LD 289 eV D
O=C-O(ester) t'— 7 O ¥ {EE A 0.68 eV L
FTé&HETNTHY [20] \ HFEFFoH
BEXTODRTWHWDEZ EE2RLTWVD,
FO—FT, BEAEAXKRETORKEM L
DD O FEW, REETH XK

(c)

Magnetic
= = = Angular Aperture {ll  Field Lines
N\ / - NV LA .
Field Aperture t_l e || p—————
[ 1 I N\ \ < / 2
J ‘ ‘\\ ‘\—1 1 ! /l
j ¢ / e,
Reflecte AWl
_ Filament \ \ !
“:;‘_If"‘
Neutralizer / t / Cs L &
Focus { },l ! Electrostatic ¢, )
€ € } i / Lens B :
i e, L Sample
Sample - Sample 7
A SR S oo R -
Magnetic Lens Magnetic Lens(off) Magnetic Lens

Fig.4
type magnetic lens(c)[21][22].

Simulation results of charge neutralization on VG type magnetic lens(a)(b) and Kratos
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Fig.5 A model of charging and charge compensation of insulator illuminated with low energy
electrons and ions. The initial surface potential on the insulator may be 0 V or some potential(a).
Then the surface is charged up to positive when small spot X-ray is illuminated(b). The low
energy electrons are illuminated for the charge compensation, then the surface potential on the X-
ray illuminated area may be 0 V and other areas are charged up to negative potential by low energy
electrons illumination(c). [t is, however, X-ray illuminated area is charged up to positive
potential in an certain time because the low energy electrons are reflected by negative potential(d).
The low energy ion such as <10 eV Ar" are illuminated, the surface potential may be charged up to
positive in an certain time(e), then the surface potential in the simultaneous 1llummatlon of low
energy electrons and ions are balanced to 0 V, therefore enough electron can be reached to the X-ray

illuminated area(f).
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Fig.6 Al 2p spectra on AlI203 block
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Fig.10 Simulation results of secondary

electron yield on SiO2 as a function of the beam
energy at incident angle of 50 degree (a) and O
KLL Peak on the AN glass surface (volume
resitivity p~ 5x10' Qcm) as a function of the
electron beam voltage with and without ion
beam irradiation (b). The electron beam
current and incident angle were set to 5 nA and
50 degree, respectively[29-31].
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Fig.11 Example of AES insulator analysis with low energy ion illumination.

show the print circuit board for pocket game.

illumination(c).
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Picture (a) and (b)
A severe charging is observed on the SEM picture
measured by 3keV 5 nA electron beam at 30 degree incident angle without low energy ion

The charging on the SEM picture is neutralized by 100 eV Ar” illumination(d).

No charging is observed on the AES spectrum of electrically isolated Au/Ni pattern with 100 eV

5nA Ar' illumination(e)[31].
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Fig.12  Experimental results of the depth profile on
6 pairs of GaAs(10nm)/AlAs(10nm) super lattice by
““Ar*(a) and *He*(b)[31]. Beam voltages and currents
were set to 500 V and 200 nA, respectively. No
sputtering was observed by using *He" irradiation.

D, BesFmMoHEERTEEEL THE
BE*ERTIOIVENHDEREENT
W5 [31)

4. F&d
WTHED XPS HEOERRBIZLAEAEALX
BRoGBEE ICLOBESTTRAEL

7Y mERRMAFELEELL TE R,
a—F—lZbtoTE, FEPPRMOREN
BERZIENEE L, #HBHL XD
MRAACTEFZ2RBET I HELE= L
X—BF LA A ORBEENEFENRLF
REEBETTMEEBRLTCWVWD EEALD, L
ML, REFRHOREOHEITEE A
L= BT idnidesd, EXEHR
DEMBHD LEHFTIEXD, AES O
S BZFZ A X —DA AV BHIESE
MICHERLDIIERSLD . IC DL
r°&—y@%é%ﬂ%%%%L®%%
0 AES HE ﬁ%hﬁxrto%ﬂﬁ
ENELS, XPS OFBEFFMOILIITEY
%ﬁmﬁﬁfééioﬁﬁﬁh\s%ﬁ
RIhDZEEHFETH,

—47 -

Fr =T TEHALDS

B E Xk

[1] J. B. Metson, Surf. Interface Anal., 27
1069 (1999).

[2] D. Narum, J. Vac. Sci. Technol., B11,
2487 (1993).

[3] XH®ZHAEEBEFH
] %4 FE, pp.69~72..
~97 fL&E (1998)

[41 S. Hofmann, J. Electron Spectrosc. Relat.
Phenom., §9, 15 (1992).

[5] J. Cazuax and P. Lehunede, J. Electron
Spectrosc. Relat. Phenom., 59, 49 (1992).
[6]S. Ichimura, H. E. Bauer, H. Seiler and S.
Surf. Interface Anal, 14, 250

fiE (BAREHFESR
% 5 E . pp.88

Hofmann,

(1989).

7] =2 — V¥ —OE=OO0ERA -V =2BFH

ik, EABE— - EFR . F4FE, pp.93

~95. ST HAR (1989)

[8] B. J. Tielshch, J. E. Fulghum and D.J.

Surman, Surf. [Interface Anal.,, 24, 459

(1996).

[9] B. J. Tielshch and J. E. Fulghum, Surf

Interface Anal., 25, 904 (1997).

[10] B. J. Tielshch and J. E. Fulghum, Surf.

Interface Anal., 24, 422 (1996).

[11] P. E. Larson and M. A. Kelly, J. Vac. Sci.
Technol., A16, 3483 (1998).
[12] C. E. Bryson, Surf. Sci.,

(1989).

[13] BHF K, KBEZ, P. E.Larson, Li#¥
EE, EEAEE, 16, 592 (1995)

[14] H. Iwai, R.Oiwa, P.E.Larson and

M.Kudo, Surf. Interface Anal., 25, 202

(1997).

[15] BAE =, mARKFE, TEPBHLFE

ERUORFECEATOIHRELLER, &
BAAFFF A #, ¥£-3-113354 (1991)

[16] EEC, EFHC, REB¥, 15, 46

(1994).

(171 RW & X, ®EE L, WXZXE

“Practical Surface Analysis, —RAREH
Fragime —" 1997 F 6/18~20, & BHM#
BT SERT, pp.SO.RE XA K S (1997).

189/190, 50



Journal of Surface Analysis Vol. 7 No.1 (2000) BHEFX

(18] WA HE, SAHE, 7,551 (1997).
(19] BEHEE, RBEXK, AMLPE, 44,
943 (1995).

[20] BE#&FOH, J Surf Anal, 6, 87 (1999).
[21] A. R. Walker and S. C. Page, “Charged
particle energy analysers”, European Patent,
No.0537961A1 (1993).

[22] P. Coxon and B. J. McIntosh, “Charged-
particle analysers”, United States Patent,
No.5451783 (1995).

[23] B. V. Crist, “International Symposium
on Practical Surface Analysis(PSA-98)”,
October 19-21, Matsue, Shimane, Japan, P10
(1998).

[24] R — 5k, WIHR, “Practical Surface
Analysis, — EHREZHHEFRS " 1997
F 6/18~20, & B B BT % BT, pp.108.
RS ES (1997).

[25] R —5, XHBOFTDOES, 23, 297
(1992).

[26] & &=, BT &8, ULVAC-PHI
Technical Note, TN-1014.

[27] H.Iwai, H. Namba, T. Morahashi, R.
E.Negri, A.Ogata, T. Hoshi and R. Oiwa, J.
Surf. Anal., 5, 161 (1999).

{28] H.Iwai, T. Morohashi and A. Tanaka, J.
Surf. Anal., 6, 90 (1999).

[29]1 D. C. Joy: J. of Microscopy, 147, 51
(1987).

[30] D. C. Joy, Simulation software so called
“SE_MC”, (1991).

[311 R. Oiwa, H. Iwai. T. Morohashi, M.
Kudo and Y. Fukuda, Poster Session on
“International Symposium on Surface Science
for Micro- and Nano- Device Fabrication”,
11/29~12/1 1999, Waseda University, Japan
(1999).

-48 -

Fy I TTEHLD



