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Abstract

Secondary ion mass spectrometry(SIMS) and glow discharge mass spectrometry(GDMS) were used to determine the
impurity concentrations of hydrogen, carbon, and oxygen elements in the Cu and Ta films, and the results of SIMS and
GDMS analysis were carefully considered. The Cu and Ta films were deposited on Si (100) substrates at zero substrate
bias voltage and a substrate bias voltage of -50 V(Cu films) or -125 V(Ta films) using a non-mass separated ion beam
deposition method. As a result of SIMS with Cs+ ion beam, in the case of the Cu and Ta films deposited without the
substrate bias voltage, many strong peaks were observed, which is considered to be detected as a the cluster state such
as CxHx, OxHx, CxOxHzx. All the peaks of SIMS results could be interpreted by the combination of these dominant
impurities. Moreover, it was confirmed that the quantitative results of GDMS analysis were accordant to the SIMS results.
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1. Analytical conditions of secondary ion mass
spectrometry.
Primary ion source Cs'

Measured secondary ions
(Secondary ion with high yield)

Negative ions
H, C, O etc)

]

30 nA(Cu), 50 nA(Ta)

Acceleration voltage 5 kV

Beam current

Measured area 500 umx500 um

E 2. Analytical conditions of glow discharge mass

spectrometry.
dc GDMS Working conditions
Cell type Mega Flat cell
Crater diameter/mm 15
Acceleration voltage 8 kV
Glow discharge potential 0.5 kv
Sample current 3 mA
Calibration/RSF set Standard set
I Point in peak scan 60
DAC step in peak scan 6
Faraday int. time/ms 160
Daly int. time/ms 200
3. &m Y 1%
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. SIMS results with Cs’
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target and the Cu films deposited at (a) Vs

=0 Vand b Vs=-50 V.
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E 3. Impurity concentrations of the Cu target and
the Cu films deposited at VS = 0 and -50 V.

Isotope Cu target Cu film Cu film
V) (-30V)
12¢C 462 118 20
14N 032 126 1.54
160 0.20 93 62
Purity (mass %) | ~99.999496| ~99.9766% | ~99.9968%
Téﬁlipfmé‘fq,? ~99.99999§ | ~99.9989% :99.9992(@

E 4. Resistivity change of the Cu films as a function
of the negative substraie bias voltage.

I Cu film | Cu film | Cu film | Cu film | Cu film
© V) | (50 V) [(-100 V)|¢-150 V)|(-200 V)

Resistivity | 4.93 1.87 2.07 2.32 324
(@cm) +034 | 010 | *0.14 | x0.16 | 022
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a3 2. SIMS results with Cs' ion beam of the
Ta target and the Ta films deposited at
(@ Vs =0V and (b) Vs = ~125 V.
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# 5. Impurity concentrations of the Ta target and
the Ta films deposited at VS=0 and -125 V.

Isotope Ta target |Ta film (OV) 3221\1;)1
12C 098 1879 251
14N 0.40 574 375
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028 BA & A9l B w2 125 Vol
Z3e Sl NE Slold n2E FR85Ed o
# 2%l g8 ZE 9259 o) 7isa) o

Rt olelgt SIMSe] HAE FlEr] A, B
2 BT ge utale) tisjx GDMSe) 93] A
FAY B4E sden oF ® 59 vehiAck
3011/\1 E—E—OL 719 vpolA 28 HA] e e w
Bre] 2§ ©a(1879ppm)sh 4}ax(7789ppm)2] ol
e EP;MI ﬂlﬁﬁ wmgjo] 271893 125 Ve 7]

# vlelo)2E AFozN 9o BELEEC] §7
3] A3 } = 53] 44 BB H309ppm)
< SIMS FAAE HE%o] g el 24
WE 22" Ag AT £ At

GDMS Ao Mz 4 Bege] HEo] 871
SHEE, 4 099 HEHUY BT E

o258y 7o 2 g e et
& & YA, E 33 59 o FEo] FAH
=2 ?EH e ARE e FACECIEEES
A £5) 99.999%2] 985 o AHE3)
il E&%J e THLE 9.99% o)te 948E
Bl g AHEHRITE GDMS Aol A B5o] 72
EMIL 99.9994%, 713t Hlo]o] A AX| ¢k 7
uteke. 99.9766%, 1E)3l -50 VoA Z2g T
H2- 99.9968% = %] 7] % H}o]o]io]] &) 57t
grie AL G494 vk driA 2 2
AR FLEFES WAYS B¢
R, S 99.9999%, 99.9989%

12
14

)
ol
B
o
lo
—n

)
o

¢

o &
g
N
N
(d
u
=
2
ol
B
>
5
l-ﬂ
=2
»
i)

l:o_&iujz%om.l
M =
oﬁ,}:‘m

g o, W
tlo
e v

ey
it
2,
i

(- -]
Y

= SHA gHA
Mot Az wvbAE,
Aol FaEEEe
7FtAl HlEg B A9} sistAE 7

- Minoru Isshiki

o} -
BEF Fh=

HT7} o7

Aol 2] af

k)

oloj2AE HojF= W Zo] FRESCE S
AT e A7t Bee] £EFvb APHow
YL vE e wadd.
4.2 £

shehe] FAA) s g duhfid) BEw
A A7) A Fa9) ga, d8a AL Y
the] SIMSS GDMSE o83t FREBFEEY]
FEE EHSAL o159 E44H dajM nF
dgen et 2L 428 28 F AdG

L. 7%k vlo]oj2E 2] ¢F2 wreke] SIMSe)

A A, 473 Be d2ge] FsA

[

(2]

]
11—5] 1TT“C AR RO

or ow Mo A

7] wlEolzt

A% & & AR
GDMse] 2] g4Asz e Hehyd
BB 7t F2 g9 44 92 9
FAoR AARYT, A9 FREEEES
Z3) oJal oA SIMSAAAA A &
P AASE AN BE A2 o4
°] 7FsstA = 3lch

o) AAGEE 1Y 9PE FE BEE
S GDMSe] Aol Gaop 4 e 3
2ECTYE & F UL olF FRESE
F4L AN A7t Hete] £EFvl)
A FFE 1A Ao Addrt

C. A. Chang and C. K. Hu, Appl. Phys. Lett.
57, 617 (1990).

M. O’Reilly, X. Jiang, J. T. Beechinor, S.
Lynch, C. Ni Dheasuna, J. C. Patterson, and G.
M. Grean, Appl. Surf. Sci. 91, 152 (1995).

2332 A3 A2E, 2004



SIMS2t GDMSE ol &8t T2|ot B wahfo] FeEsE F4

(31 M. Van Straaten, K. Swenters, R. Gijbels, J.
Verlinden and E. Adriaenssens, J. Anal. At
Spectrom. 9, 1389 (1994).

[4] J. S. Becker and H. -J. Dietze, Spectrochim.
Acta Part B 53, 1475 (1998).

51 A9, WES, M Isshiki, 3275837
12, 174 (2003).

6] AAY, M. Isshiki, H3t34 - A58 A 41,
525 (2003).

Journal of the Korean Vacuum Society, Vol.13, No.2, 2004

{7
[8]

(%1

[10]

{1}

L. J. Van der Pauw, Philips Res. Rep. 13, 1 (1958).
H. A. Stroms, K. F. Brown, and J. D. Stein,
Anal. Chem. 49, 2023 (1977).

AL, M. Isshiki, i< - A5 317) 42,
212 (2004).

P. Gregory, A. J. Bangay, and T. L. Bird,
Metallurgia 71, 207 (1965).

A, wiES, M. Isshiki, 313837
13, 22 (2004) A=

85



