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Effect of bias on composition and microstructure of
Zx St N diffusion barrier

SONG Zhone-xiao. XU Kewei. CHEN Hua
(State Key Laboratory for M echanical Behavior of M aterials,
X7 an Jiaotong U niversity, X7 an 710049, China)

Abstract: The Zr-St N diffusion barrier films were deposited by reactive magnetron sputtering with different negative bi-
ases. The composition, resistivity and structure of the Zr-Sr N films depend strongly on the substrates bias. With increas-
ing the bias, the surface roughness and the ratio of Zr to Si of Zr-Sr N increase, but the resistivity of the films decreases.
The microstructure of Zr-St N films is a composite structure consisting of ZrN and amorphous Si3N4~like compound of St
N. With increasing the bias, the ZrN phase changes from amorphous to nanocrystalline, and the amount of ZrN crys-

talline phase in the films increases.
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Fig. 1 Relationship of sputtering bias
with concentration ratio of
Zr to Siin Zr-St N films
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Fig. 2 Relationship of sputtering bias
with resistivity of Zr-StN films
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Fig. 3 XRD patterns of as-deposited
Zr-StN films
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Fig.4 XPS spectra of as-deposited
ZrStN films

XAEAE, AT RS ARATTBAA X 56 it dm %, I
I s mT DA R R AL

ST &5 R AT DL SRAR G R A 8 186 it i 5 B0
PHZ AR IS . EREN RN R, BN SS
ZTN WAL T N5 s ok Y 8 Z- SN IR HL FH
R EERE, B 3 RORE N ZeN i A AH 1
In, T ERAS ZeN R T AR A RE, F R
JERI Ze SEN BT B 1) R BH 2R AR, i Hs AR AR B
ZrN DUIE S ASTEAE, i Z-SEN A H BH R B i



.« 444 -

hEA R

2004 43 H

3

K5

AN E) 9 S K Ze- SEN B TEM A5 a) A1 HL T AT S A6 FE (D)

Fig. 5 TEM image (a) and ED pattern (b) of Zr-SrN films sputtered with different biases
(a) —200 V; (b) —50 V

4iie

=

Y I 7 M 68 5 e A [0 ) P i T

ZrSrN JHAH R, SRR BL: B WA s

m,

Zr-StN R [P)R AL RE B A Ze/ Si LUAE3E K, W

RER 20 3 25 PR A, Z- SEN JIBE ) 5 440 Ry 23481 SisNy HY
R AE A S ZeN 1B A S5, B R
FhEr, ZeN AR SRR N K b, ZeN S ARAR R I .

[1]

[2]

[3]

[4]

[5]

REFERENCES

Pai P, Ting C H. Copper as the future interconnection
material[ A]. Proceeding of the 6th International VLSI
Multilevel Interconnection Conference[ C]. 1989. 258 ~
264.

Murarka S P. Advanced materials for future interconnec-
tions of the future need and strategy[ J]. Microelectronic
Engineering, 1997, 37/38: 29 ~37.

Chang C A. Formation of copper silicides from Cu( 100) /
Si(100) and Cu( 111)/Si( 111) structures[J]. J Appl
Phys, 1990, 67: 566~ 569.

Nicolet M A. Diffusion barriers in thin films|[ J].
Solid Films, 1978, 52: 415 ~ 443.

T hin

Holloway K, Fryer P M. Tantalum as a diffusion barrier
between copper and silicon[ J]. Appl Phys Lett, 1990,
57: 1736 ~ 1738.

Kwak M Y, Shin D H, Kang T W, et al. Characteris-
tics of TiN barrier layer against Cu diffusion[ J]. Thin
Solid Films, 1999, 339: 290 ~ 293.

Takeyana M B, Itoi T, Aoyagi E, et al. High perfor-
mance of thin nano-crystalline ZrN diffusion barriers in

Cu/Si contact system|[ J]. Appl Surf Sci, 2002, 190:

[10]

[ 11]

[12]

[ 14]

450 ~ 454.

Joseph S, Eizonberg M, Marcadal C, et al. TiSiN films
produced by chemical vapor deposition as diffusion barrier
for Cu metallization[ J]. J Vac Sci Technol B, 2002, 20:
1471 ~ 1475.

Fischer D, Scherg T, Bauer J G, et al. Study of TaSrN
thin films for use as barrier layer in copper metallizations
[J]. Microelectronic Engineering, 2000, 50: 459 ~464.

Ivanov E. Evaluation of tantalum silicide sputtering tar-
get materials for amorphous Ta St N diffusion barrier for

Cu metallization[ J] . Thin Solid Films, 1998, 332: 325
~328.

bt AR, JEBTME, TOLME, SF. OB W-SEN fE Dy 4

HrEZ AR B Z[1]. AR, 2003, 24
(6): 612~ 615.

LU Hua, QU Xirping, WANG Guang wei, et al. Ul
trathin W-SrN as diffusion barrier layer between Cu
and Si[ J]. Chinese J Semiconductors, 2003, 24(6):
612~ 615.

Diserens M, Patscheider J, Lévy F. Improving the
properties of titanium nitride by incorporation of silicon
[J1. Surface and Coatings Technology, 1998, 108 ~
109: 241 ~ 246.

Sun X, Kolawa E, Im S, et al. Effect of Si in reactively
sputtered TSt N films on structure and diffusion barrier
performance[ J|. Appl Phys A, 1997, 65: 43~ 45.
Olowolafe J] O, Rau I, Unruh K M, et al. Effect of
composition on thermal stability and electrical resistivity
of TaSrN films[ J]. Thin Solid Films, 2000, 365: 19
- 21.

Nose M, Zhou M, Nagae T, et al. Properties of Zrr St N
Surface

coatings prepared by RF reactive sputtering[ J].
Coating and Technology, 2000, 132: 163 ~ 168.

(gniE 2R



