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The non-destructive and highly quantitative high-resolution Rutherford backscattering
spectrometry (HRBS) was applied to the analysis of layered structure at the surface and
near-surface of deposited thin film materials. The depth resolution of HRBS was determined
as 0.2 nm from measurement of Ta/Co/Ta multilayer films. HRBS provided compositional
and structural information, and Ar distribution for the near surface region of aluminum films
deposited on Si-substrate by electron cyclotron resonance (ECR) sputtering and chemical
vapor deposition (CVD). Ta-oxide/Ta multilayer specimens with were also analyzed for
different milling processing. Individual Ta oxide layers were clearly resolved and the
thickness of each layer was obtained. These results lead to a simple, easy and efficient
calculation procedure of oxide layer thickness required for a process monitoring.

1. RU®IT oA — Tz BFDHEAES). XEFHHE
Bk SREB LIRS FROEEL i % R XPS)B LU 2 KA1 A HEBAERL EDERESH
DEFHEELTAF AN 2 TEGRAL WEBLAWSNTNWS, LML, Ar 14>

-160 -



Journal of Surface Analysis Vol.9,No.2 (2002), AN, AFFIEF BHEES V73— FELTREE.

ERWEANY &) T IEHER Ar OFES
FRIOBESHZNDZENEETHD FESH
MIZE nm DEBTIT. RBEI DA E—
LMIXBDANZ ) T DORETIEREHE
ZHD I EDHBBES TR,

UEDXSRBBERRTIFELELTSY
7+ — FEFREERBS)IZIEE L. RBS id.
BERDAF U EREHIRE L. 5 7 1+ — RH#EL
KL TIZRNF -2k oA FOIRIF
—RWERETDFETHS[1]. RBS &, FEHE
BRRBAETIIal—a YFAT2UE
BAENHEILINTNEIOTERHICHENTS
D YEDOEMSHERSCEBOEBE 2 RET 5F i
ELT. BELAWSNITWS, KD RBS 13,
AHIRINF 211 MeV L ELOBZXNF—D
MIRSE EFE AT ) F—REB[BUNANLSNT
BH. FOIRNF—5EEEIL 10~20 keV T
SHEDHEEEE L TIX 10 am BETH 3.

Rif. 8oLl rNF—14>
HELEMEIS) N RELREOHFEICE>TAN
BUBHEELTHANZEACRDDDH S
2L[3]. £< DF/E. AFHIRIF— 100 ~ 200
keV AN SNTWSAL 300~500 keV ZFFA
LB afee s ¥ 7 + — B 5 8 ELE MHRBS)
MBI, TOIRNF—FEETIL. He D
A1 F BN, BE—ETHDD. ERME
BN, BELMEEAAREN DI, IRV F
— (—MeV) OEEDH 100 & &2 5EHBEN
BONBIENHLONTND[4]. EHIT, BB
BB ETNTFT ) — ROMBESBRLEZ
HABEDOEBIEITE DT, TRIVF—5HREE
1.5keV MER TN TN B[5].

AL, HRBS EIC K BFEE AR REEE
BEL., RENSH am BEORS HRIOMKE
BEEMNT T LEHMBETEEEDLDITR
HELEBOBREE KD D FEERATILE
BRI E L T EXBEKENDRGMRRU kX
WVESBRBKIEADRIMRIN Y FEBKT S

FIIF . Ta DEFIE & Ta/Co/Ta ZEID HRBS
BEEToBDTH 5,

2. ER
2.1 H¥
211 BEHMSREERER AR

Si ERK LICRF A/ FJ U T1om @ Ta
ZRREBL 2. Co DEEZENEN 06,08, 1.0,
12mmBEBL. KiZ1nm D Ta T Co ZHAI 3
BEZMEMRL /. Co DEEIX, 3K X Rk
ZRANWT, BNEHEDHZVDDOERE2RD. Co D

EE BN SBEICERL TRDE F,

AFM TRIEEN-ZEEIIE. Ra T08 nm T
Holk. B HMDBREKZAREHO-E%
Table 1 IR

Table 1. Specimens used for determination
of depth resolution .

Thickness of
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multilayer structure
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Figure 1. HRBS energy spectra of Ta/Co/Ta multilayer
specimens A, B, C and D in Table 1.
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Figure 2. Observed and simulated HRBS energy
spectrum of specimen E.

AlusOssAfrs | 125 m

: ..‘S‘iOz. 5.0 nm

Si substrate

Figure 3. The structure of Al-oxide/Si multilayer film
based on the simulation for HRBS energy spectrum of
ECR sputtering specimen E.
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Figure 4. Observed and simulated HRBS energy
spectrum of the specimen F.
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Figure 5. The structure of Al-oxide/Si multilayer
obtained by the simulation for HRBS energy spectrum
of specimen F.
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Figure 7. Scanning TEM image of Au/Ta oxide/Ta
multilayer for specimens G, H and I.
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Table 2. Thickness of Ta oxide and Ta layers
measured from STEM images.

specimen Thickness (nm)
Ta Ta oxide

G 9.9 2.9

H 5.2 5.6

I 24 3.2
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Figure 8. The structure of Ta-oxide/Ta muitilayer based
on the simulation for HRBS energy spectrum of
as-deposited Ta film, specimen G.
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Figure 9. The structure of Ta-oxide/Ta multilayer based
on the simulation for HRBS energy spectrum of Ta film
after RIE, specimen H.
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Figure 10. The structure of Ta-oxide/Ta multilayer
based on the simulation for HRBS energy spectrum of
Ta film after milling, specimen I.
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Figure 11. Observed and subtracted HRBS energy
spectrum of as-deposited Ta film, specimen G

KDI-HERE STEM BN LRDIZEE LD
BLEHD% Table 312779 . HRBS Tl B1L
B% Ta,0; ELTEEL TWAD, MifKOR:
ZBICBNEET HBEITIT STEM O¥RET
NNECLZBDEEZLZSND,

Table 3. Thickness of Ta oxide and Ta layers obtained
by means of HRBS and STEM for specimen G.

specimen Thickness (nm)
Ta Ta oxide
HRBS 9.8 0.1 2.5x0.1
STEM 9.9 +0.6 2.9 £0.6
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