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The study of restraining charging on the insulated oxide

materials and composite materials using Os coating
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We studied an Os coating method formed by Plasma Chemical Vapor Deposition (PCVD) on the insulated
oxide materials and the heterogeneous composite materials consisting of a metal and an insulator, in order to
restrain charging in X-ray photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES) analysis.
As a result of an Os coating carried out to a 1nm target thickness to achieve electrical contact between the
metallic and insulated materials throughout the spectrometer, measurements under a stable surface potential
while restraining charging and differential charging of insulated materials became possible. In AES, it confirms
that Os coating method is superior to low energy Ar ions method, because AES images could be measured with
accuracy on the surface of high insulative materials, for example quarts (SiO,) and Al O, sintered materials. We
concluded that applying an Os coating is an effective method for achieving charge compensation of insulated
and composite materials in surface analysis.
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Fe b B, MR OT R K OV A s Ll ok
DN RREIEIZ K0 8K D R IR~ & kR 2 72
MME(CERERE, bR, JEERMES) 2 BBl
DT LD, MR ERIXRIAV. AR Cd D
FHZ=7(Ti0,), VA F¥X v v 7EETH St
HEN(ZnO) 21X U, JE®E « JFMELE L TOKEL
(SiO, : Quartz), F % > NU 7 L(BaTiO,), /L=
WeTF 2 L WREN(Pb(Zr -+ Ti, )O, : PZT), =AW F
7 A(LINDO, : LN), £L T, 7/VI7(ALO,), &7
A R(ALSi,0,), 7A/LAT T A FMgSi0,), Vv
3 =7 (Zr0) F ORERRIEM EHT, iR & L
TRERARTHY, BAEWIIHM BRI T
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£V, BVWEBEBREGERZME) 2 RET 5. 2, &
JE SO BRI TUE, WIS LR NS S T2
D, MBI E TR, ez ET 52 L%
<, XMHAETHHE(X-ray Photoelectron
Spectroscopy : XPS)R°A— ¥ = 1 47 Kik(Auger
Electron Spectroscopy: AES) I & ki 5 T & 5 F
F o oFmET, FEALHBREERTES S TH
WE T <, REOITITE > THEBRM B ORI E
IIARAIHEE 72> TN D,

X B T3 S EXPS) IR - X B2 W 5
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AT D, LnL, FEET AL 2ADOERELH S
H— DRk REEREFF-o T2 b D[1-3]°4& )8 E
DHENFRILIFE[4-6] TIX, &8 D HN5 688 L Heh
LC, Mk s mmd 5 K% —1 " (Differential
Charging) % 5| Ef Z 7. RN —HEIL, HERICH
B LT, BB EEND DAY MV N EET
HIHTHY, 450 s OBEA T, BPERER D 7%
FOBHE I O MNIC L > THE T E PR
FINCEALT DB AICAE LD 2 ERE IR TS
[7-9]. ZD7=%, XPS DILZRESHTIZIS VT,
O R EVE(WEE, ek, BRI Z
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Lo TND.
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X —ENHEPIEIEIC L > T T 5 7=0[12],
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JEEHFgEE 2T 2 L TREEZROHEL
AT 5 FIE[14]) bIRES N TS, Lo, e
& Ay yalld L TCTHETICTA2H4ERHY, #
i [T 0D K & W BERE RS0 Al T L 7= M1 g ¢ Ui A
TERWHEND . B, #EY 7 MIED Y
& LTk 72 R 15 Y2 (adventitious carbon)i¥, ft
FREKOEBIZL Y &Rl R ETITRR
LA TANF—lERT & OWMES HV[15-19],
XPSIZH1) B E R EMEE B IR, RIEAHE
EERENL.

oo lx, BB R OFRm MIhIC L 5 EE Tk
HOMBRBE R8I k> THEL AR —#E LM
HlF 27012, MEREIC “FE3OoMEY ThrHE
EEEEAWET D “Os a—T 4 7R BRE
LT&72[20-24]. =2—TFT ¢ ' 7iEE LTE, K,
FREFETITIA Ny ZIZLD Au, Pt, CHRIET S 2
EMRAL DN TE (252718, a—T 4 > T HER
MRLD =6, F /) A— )L TORIE TITEE N AR
V=&, HELZMH TERWIEN0 0, L
A, RY—HEx2 g & 2T ERITR Y 22dakp.
T, HEBEIMH T L0t ha—T 0 v
THREENMEE L 720, XPS, AES T/ T& a0
MENH D, ZHICX LT, Os 2—7 1 » 7k,
SHESEZRWS 75 X~ CVD IZ X » Thi &4,
FEIMMOREWRETHLHEEDL X<, JER
BE&BOs ¥ —l2a—T 4T TEHIEND,
T A — bVRECOBERMEM A ERT D L
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AWML TIE, Os 2—7 4 > 72 L D4R — ik
MBEEMEO R —HEIMH DRI ONT, BB
R R FRECAFTET HRMEIHER L g L TEE
L7z, Iz T, Os 2—7 ¢ 72 X 28t Wht
Bh~D 2, Os IO EELIZ OV T hikm T 5.
W2, A=Y =B NIEAES) X ERIZE 17
EHWD Z E0D, MM CidmENSE LS, #
ECNEZET 570, GEMEMED 272 0E %t
GrlpoTWD., T/ A— bIVHEEEOES R
HEMRTEH0s a—7 4 7% AESICHEA L,
FOHEIMHINEICOVWT bEmTH L LT 5.

2. BRI

2.1 0s 2—7 4 7k
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BUNL-OPC40)|Z Tt L7z, BEZEF ¥ o/ N—N%0.8
Pa ETHAL, OsO, HiR7 D= THH#ET S 0sO,
HAZTF v /N—|Z5Pa DIENF CTHREI 7%
(2, PATEHCEMREIZ 1.2kV O DCEEZHML T,
T AT EEIT o REHTIAMEm Ik
LRELT, Ay —2ANTELSL T T X~Fild
BRA(0s0,(g)— Os(s)+20,(g)Z & » THMLT 248
Os % 3Bk ) I HERS S €-7=. 5nm @ Os#7f D TEM
BRIV, Os BT EMEL AL, BW—RE
STHREL TWD Z LR L TV 5H[24]. AT
TIIHET, A—V2BTOMHRERSEEEL, 7
T A NEORMAZGIET 5 Z & THEKE 1 nm
D Os Pz =2 —7 1 7 L7z[21,24].

2.2 FHAm R

Os a—7 4 72 X &R —khEEHEO
R —HBMHEN BRI HOWTUE, ZrO, Bt oV
DOEMIZAN BN D ZrO,-Pt HA B & IR L 7.
& JEMELD Pt &R 8E 0> PSZ(Partially Yttrium Sta-
bilized Zirconium : #\/3 & EL T L 3 =T )R- 3R
BYEIZ L, PSZHIT b R/AIER% T, N o54LR
ZHAFE LT RE MO K& OHEEL2Z 2L T
5. Fi, O0s a—7 4 VI X HEBLHHE~D
BB N Os IR DA IZ OV TIE, it 2
BT BKEIEA(Z-cut 1) 2 V7.

Os 2—7 4 735D AES ~Du HICE L T,
IR B HFIRIEICH D Au A v X KHE, Kk
(Quartz) ML OV T /L 2 FREFRS IR ZRIN L 7=, Au
Ay igem EIZIXT T CTH D Ni BNEHB LT, Ni
b8, NiKBALWZER L TR THY, &£
HARLR D R EMEZ D, 2vo, AREAETDH A Y
FRFDOZDICRKREH S ORE WG Z LT
W5, Fiz, KEEBIISEmEITE S - RS O
FR D T/N SV B 72508 R i (Ra<Inm) C,  @ffbiais
BCh s, HIiZ, TIFREREERIE, KRS T A
EREREBIAIE LT, 27 & Afk i (corundum) 23 BE
1 Lo 2R T, RN —7e b BRbiARL, Fmm M &
OEifafatE 2B LT 5.

2.3 Pl 3L E

X #IEE -0 EREIZIE, Physical Electronics £
ESCA-5700ci Z vy, X #FIZIER (AL MgK o
(1253.6 eV : 14 kV, 400 W)z H 7. 3EHT Mo ~ %
7(6 mm ¢ FLER) TR L& —IZ[EE L, XPS %
EWNICEA LT, 4tds & Bl L 72 %55 (Grounding
mode), #fx L7254 (Floating mode) T#% 4 1 % 7635

DFEA T XNV F—ER O — 7 flhE %2 bl L7z,
£/, A=Y =BFHLRIEIZIE, Physical Elec-
tronics 18 SAM-680 % VY, ASTEFONIEHEEIL
10 kV, MBEERIZI00A(T 7 7T 4 7 v 71 TEHA
THEM L7, T, EEEZEEII3x10Pall T Th -
2. 7eB, AESHIEIZH T HKHE A A v AT,
HEEAEOA A 804-303A)F VY, A A b=
D AJED 25 mPa THEHALD Ar A A 2 ZARNNEHE

JE(10 V)T, SEHERR & O &3 M) 75° CTilklRiE
IR L7z, ZOBROEERZEE L8 X 107 Pa T
ot

3. ARG SR K VB 42

3.1 XPS 2K 2 MIbMitiair Bt O F EHRE
3.1.1 &R — &M ESMEOFE RO 22—
T4 TEROREHBEROHE)

Fig.1 (2o Yegs & 20 L CTHIE L 72 (Grounding
mode), Pt/ZrO, HEMEKE D XPS T 1 — A% ¢ X
~7 MVERT. FKiE{5%(adventitious carbon)3
#& L7z as-received i, EZEHTS500CE TMEL
TREFBEREZRELZRECAT, M) —=>
7)), £ LT, Os a—7 4 7 &Jifi L= D
Pt4f, Zr3d, Y3d, Cls A7 hE%K %2R LTH
L. 3RBRRmELIC, otdr L L TV D Ptaf X
AT MVIZEHIZES N TUWA D, as-received M
BLOMEY V—= 7 KiETIiE, Zr3d, Y3d, C
Is DE—27 PEEIZIAS, REY—HELTNDHZ
EWGND. Fle, MY ) —=2 7 REDFH N,
MM B C o D Zr0, MK IEHR D Zr 3d, Y 3d A LY
AT R L X —Ml~27 FLTEY, as-received
FHIVLEBENRKEVWI ENERTES. —
¥, Os a—7 4 7 LI-RKETIX, HEHEMETH
% ZrO, WER L O Zr 3d, Y 3d, KIEGYD C 1siT,
W2 =7 IR EE L, 72 Zr3d,,, Zr3d,, 13
BRICOBECX TWVWAD. Os FEDFTEIC LY, &)
(Pty—iakx4(Zr0,) & Os BRI 0> B SR B2k A3 7257
BFodv, wfkay K OV G Y D AR Y] — 45 & i
TETCWEbotEZLNS.

Table 1 ICH RO G RNV F—l, ©—2F
fEfE, E—7RBofEEe=xLX—EEFE L. 4
Jegs &iffafx LIE L 7= (Floating mode)¥5 & Tld, as-
received Z i, MEAY V —=> 7 FmkiZ, Zr3dE—
7 D Zr3d,,, Zr3d,, BPARKIZOHETE T2, as-
received i, MMEAY U —=1 7 FKH & TiL, Paf L
Zr3d DE— 7 Bl R X —EN R, Y
U — =2 7 REOTTHHERF(Zr0,) DA FE D K E
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Fig.1 XPS spectra of Pt 4f, Zr 3d, Y 3d and Cls in the grounding mode.

72> 7-. Grounding mode THIE L7255 T 6 [AEE7R
fEE 2L 53 TE Y, as-received [ D S5 78, Pt 4f
& Zr 3d B — 7 Bl L ¥ —EBMERET — X T
ZENB Y, RERBIMNE L TV E GG
Y OFEMHIICHFE LTS ERBEIND. L
7L, Grounding mode Tl¥, R¥)—HEEFI L
LTWHZErD, Osa—TFT 4 7 L3RR, &
KRR T4y TIE 72\ iz, & e—iixt £

DEBMMENCIZE > TR WNWEEBRINS. v,
Floating mode TliX, M EIOFEEOFE SNk S
DN, RS E AW TRl e PRS2 A9
LT, HEETTRIMFEREOEELTED
PPl +5Z L TE5H[20-23]. —F, Os 2—
T4 YT RETIE, R THDHPL, Mg THD
ZrO,(Zr3d, ) DfEA = L X —HEUET — & L |
HDTEL—HLTWD Z ENRMERTE D, &JE(Pt)
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Table 1. Data obtained before and after applying coating without neutralizer.

Binding Energy[eV] Difference in
FWHM in parentheses binding energy [eV]
Pt4f Zr 3d,, Cls Zr3d, -Ptaf |
Grounding . 71.2 183.4* 285.6
As-received (1.62) (4.37%) (1.80) 112.2
. 71.2 185.3*
After annealing in vacuum (1.51) (4.42%) - 114.1
. . 71.2 182.3 284.6
Applying Os Coating (1.53) (139 (1.65) 111.1
Floating . 71.3 182.8 284.6
As-received (1.46) (1.48) (1.67) 111.6
. 76.3 188.8
After annealing in vacuum (1.60) (1.66) - 112.5
Standard value [29] 71.2 182.2 111.0
* The Zr3d peak is indicated because the Zr3d,, and Zr3d, , peaks were not separated.
-Standard value of binding energy. Pt 4f, : 71.2 eV(Pt); Zr 3d,: 182.2 eV(ZrO,); Au 4f : 84.0 V(Au) [29]
-Reference value of measured spectrometer (ESCAS5700ci) : Cu 2p,,932.70 eV, Cu 3p:75.15 eV
(Standard : Cu 2p,,:932.66 ¢V,Cu 3p:75.13 eV) [30]
e :0.(Ouartz103.3¢V
L Os, #fg¥(Zr0,) & Os & DHERLEN OFBE & Si0,(Quartz) "~ . 6

ATWDHN, Os a—TF 4 7EEEHATHZ 21
Lo T, HWELOARY—FHEI IS, &R
BN E—OfRET VX —EHETHE TE TV
HHbDEEZLND.

3.1.2 Os 2 —T 4 > 7 OBt B £ 1~ D B8
KON Os I D AL

Kb B (Quartz : Si0)IZ 7T A~ CVDIZTOs = —
T E LT REE, BEEZEH(10°Pa) T Cr
RELEZEREODOSI 2pFT 0 —AF ¥ AT hL &
Fig2 [Z/RT. 728, Os 2—7 4 U JHiL Cr &% L
RE T, HERFELWED, Osa—T 47
BOMEZANFX—EESRL T, MEY 7 Ml
EL7. £, =27 ¥HERE2HKT 572012, A
AT R VBRIE ZBIRE LTV D, Fig2 LV, Os 2—
T 4 ¥ J R T Si 2p OFEIEICE TRV, 4
BCraa—T 47 LIZIREETIE, Si2ptE—2
PAEMEAEML, =27 Bk ©—27 HUICHEE
FFoTWaZ s, Cls BE—27 OAMNIHE
MR TERNZ ED D, ZOSi2p B— 27 ARlOWE
1L, CrABFICIAARY—HETITRL, &FCr &
Si f (b & OFRLET USRS L > T, Si-Cr-O HA R

FWHM of Si 2p

2.06eV Cr coating

Intensity[a.u.]

1 v Oscoating

AW R N R

iy
=)
HO |
¢
i<

108 106 104 102 100 98
Binding Energy (eV)

Fig.2 XPS spectra of Si 2p before and after Os and Cr coating

EMBER SN Z L 2R L TRy, Byt
il R LR —OEWEE CriE, SiO, i DE LAl &
LTEHLTHD Z NG5, &8 0s bIAkk
BIAEAR D DM, Os 2—T 4 VT OBEDOF ¥ v~
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HFLE [P EW 2 [0 50T 12 51T S RIT D S )
& OTTIE Os 2—7 1 > 23 /=

N—F|FEHZERET0.8Pa D=, BEBEZELD L
MU AR%L, 77 A< CVDIZTHEOsO, —
Os+20, T)S N7z Os #iEIiE, @8 Os 7213 T2 <,
ﬂi%%/ﬂ:fbfuﬁ( “Cg?)f) LHEEIND. B

GZ, ex-situ I—7 4 I LY, Os IR mizl
WAL IS ERR T D 2 L DR EN IR ST
(Fig.1(a)), &)@ Os DRITLIEM 1355 < 72> T\ lod
WK FEAR D Si 2p O PAENEIC LN 2o 72t D
LIS, B, VY7 AT HKK
(Sappihire:ALO)IZ, HAREE Inm o Os i 4 =2 —
T4 Y7 LTHALO IFETL SN T & bHEGE L

TUVW5[31].

F1g3 Z, Os /R & 2 ZE 2 T2 & & DREERE
TEIRILIZDWT, Si2p DE— 7 ALiE &A%
E’\Jiﬁ%ﬂi%%((OﬁC)/Si)é:@EQ% kT 7o, Os
R L L TILOS/SIiETRDLTONE Y TH DM,
A THNWZ0s a—F 4 » 7HEETIE, Tv o
N—NOFRE T ZTH KT 5 C AT Os gl i
DB S5 72D (Fig.1(c), Figd(b)), 3.1.1 HiTik
i L72 CIC K 2 BRI R B L, Si0, RIS
K9 D AR Ze gl B & LTI (0s+C)/Si & W -,
Fig3 LV, Os#f/E X LY 7 N &ITITMHEBEAR
HY, Os YD BFERE N 1nm LV © < 725 &
7ka%%$ﬁ0) Si2p, Ols, Cls, Os4d, E—7 Ik~

3/2

AT RN~ ~>7 F(HE)L T\

(F1g.4). T L, HEMBIBRELFEIT D Os
Si 2
110 P
;‘ 108 bomecermreermrmmmsniriiiiiiiiiiiiiiea
2,
o Charging
%ﬂ 106 .................. / ....................................
=
gﬂ 104 b nx s N%Q-.._.__‘—‘-__— ..............
'-§ T
E 102 b cciiiiiiii bbb bbb i / ..............
Restraining charging
100 1 1 1 1

0 1 2 3 4 5
Ratio of(Os+C)/Si

Fig.3. Change in binding energy of Si2p vs Os coating thickness
ratio ((Os+C)/Si).

B(LIREIRIT T - BEEH - D #F BN I DT

BEESIZIETRA S D Z L 2R/ LTV 5. Kk
BT R — i E S EHPYZr0,) X ¥ b &k
Mo, L2 OBEFFERENDLET
HbHE, T2, Os HPITF T 2 & AT
LT EEBET DL, EEICE > TERERIEY
DEIGINEL 720, OsHEDOEEMENMET Lz, &
(2, WEEAEIC XD Os RO EE B AR L,
TEANHI O 7= DI LB e BEH DN & OB -G B3
MLk ﬁ\ﬁﬂiﬂbt EHEEIND. - T, Os
:%74 > ZIBIZBWT, “*Eﬁicfﬂfﬁle%%%fﬁ#
HT-DI21X, MEIOERFRME & IS wE
L:otofﬁ%i éaﬂ&%&’ﬂ%géz)%é%@&%z%
no.
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Fig.4 XPS spectra of Si 2p and Cls without and with Os coating.
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3.1.3 XPS 28T 2 B LG Bt O EIHIE
DEED

AL, &R et T 2 v 7 AGHEBMED
DNRTE LIe N E GGk 2 XPS JE T DRI
ALHHEEARICOVW TR LR, UTOHE
D SMNE RS T.

()& B—A i E &Mk 2 55 b & B2k L Tl
&9 % (Grounding Mode)Fs, AR B TR —HF
BRAELDHZ L. £, REEHE > TV DHREG
Y4(adventitious carbon)iX, FiH DI EEE KT 5
ENR N DD, RY—-HEZMEIT 510X
BEoTWRWI & ZHUCH LT, HEBIE Inm O
Os a—T 4 V7 &idZ & T, &R—HEywor
BB IE T D ENTE, g e L&RNn
[Fl— DFE A = 3L X — FE T2 A R BB & 5
TEDLZENRTMoT.

(2) Os 2—7 1 71T X 5 b3 ifi(Quartz :
Si0,) DA A MHZE v — 7 HEIEICIER L THER L
AR, Os a—T7 4 v 7k Db D& T
TR CTE RN ER o T=. £72, Os R
MR L 2 R LR R, HEIMEIR RIS S
Os WE X ITIX FIRAH D Z EBRHL N E 2572,

3.2 AL B D AES FHAfl

AES HIZERF ORFEMHITIE L LT, B 2 R
L TRl i S % R 7 Hi & & il 4
L I IEGRUBHERHE), REA A v v — A 2 R
52 & TREOHE LTI DT RAREA A ]
SHE)DBIER S LTV D[28]. AWFZETIX, AKIHA
v BEHEK O Os 2 —T 1 > 7 IEOF B 20K
IZOWTHER L7e. HRIS, (KA A4 v BRHEIT A A
YAFAEIZ LD 2 OMRITLAT DA, AER
BHITF v =PI E & Ok TR BB (A A AT
L & RUBHERR & DX AT 75° ) THIEMHI T
XLMEIMICEREL W, Tbb, (KlA A
RS L RBHERNE L OBEIR, Fo, £nb
DKM 2 RHTFRSLHT AL b, fEicH
B TE 5MIER L.

3.2.1 A2 L7z Au A v X FEE D AES §F1ff

Fig.5 (250 Y688 & 5@ LT 722V R P F(Floating
mode) TP Aw/Ni A v FEK[f D SEM &/ ~7. &
WZEB U7 ERAT, RE R EIIMET
ERVRIEETH o 7. R A AU RIFEIZ K D Au
A > XK O SEM 4% Fig.6(a)ll, B#EERL
7N PG L2 AES A7 ML % Fig.7 1277, K

271508 180.8kY 3.8kX =
1080 SEM

@

Fig.5 SEM image of Au/Ni metalized surface, isolated from
grounding.
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Fig.6 SEM and Auger images of Au/Ni metalized surface using low energy (10eV) Ar ions.
(a) SEM image (10keV, 10nA), (b) Ni LMM image (c) Au MNN image, (d) O KLL image
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Fig.7 Auger spectrum (scanning area at x5000 magnification). Fig.8 Auger spectra of point A, B and C in Fig.6(a) SEM image.
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Fig.9-1 SEM and Auger images of Au/Ni metalized surface using Os coating.
(a) SEM image (10keV, 10nA), (b) Ni LMM image, (c) Au MNN image, (d) O KLL image,
(e) Os MNN image, (f) C KLL and K LMM image
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Fig.9-2 SEM and Auger images of Au/Ni metalized surface using Os coating.
(g) S LMM image, (h) C1 LMM image, (i) Na KLL image
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Fig.10 Auger spectra of point A, B and C in Fig.9(a) SEM image.
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Fig.11 SEM images of quartz (SiO,) surface.
(a) using low energy (10eV) Ar ions, (b) using Os coating
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Fig.12 Auger spectra of quartz (SiO,) surface (scanning area x2000
magnification).
(a) using low energy (10eV) Ar ions, (b) using Os coating
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Fig.13 SEM images of AL O, sintered materials (as-fired surface).
(a) as-received, (b) using low energy (10eV) Ar ions, (c) using Os
coating
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Fig.14 Auger spectra (scanning area x2000 magnification) of AL,O,
sintered materials (as-fired surface). (a) using low energy (10eV)
Ar ions, (b) using Os coating
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Fig.15-1 SEM and Auger images of Al O, sintered materials (as-fired surface) using Os coating.
(a) SEM image (10keV, 10nA), (b) O KLL image, (c) Al KLL image,
(d) Si KLL image, (¢) Os MNN image, (f) C KLL and K LMM image,
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Fig.15-2 SEM and Auger images of Al O, sintered materials (as-fired surface) using Os coating.
(g) Ca LMM image, (h) Na KLL or Zn LMM image
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Fig.16 Auger spectra of point A, B and C in Fig.15 SEM image.
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Table 2. AES measurement results of metal-oxide composite materials isolated from grounding, and insulated single/poly-crystalline

materials.

Metal-oxide composite materials,
isolated from grounding

Insulated materials
(single/poly-crystalline)

As-received surface Impossible

Impossible

Using low energy
(10eV) Ar ions*

SEM, AES spectra (scanning only)

Impossible

Os coating
(1nm target thickness)

SEM, AES spectra, AES image

SEM, AES spectra, AES image**

* The neutralized ions were irradiated from an oblique direction(75° ) in the specimen normal.
**The surface degradation produced especially at low melting-point materials due to electron irradiations.
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