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Fig.1 Sheet resistance variation for the Cu/TaN/Si,
Cu/Ru/Si and Cu/Ru/TaN/Si samples as a function of
annealing temperatures in high purity N, ambient

The annealing duration was 1min.
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Fig.2 XRD spectra for the Ru(10nm)/Si sample(a)
and Ru(10nm)/TaN (10nm)/Si samples (b) annealed
at different temperatures for 1min

7E Ru Al Si Z A A TaN J2 )5 .8 & 3
ANTE) R B AEE. B 2(b) 45 T Ru(10nm)/TaN
(10nm) /Si 45 ¥ 22 A R I AR kO 19 XRD i . 45
TR WIE FLURE 1 XRD 3 % A5 B 0 AT 5
I , % B I € BLURE & R 9 TaN R Ru )2 #6 2 E 5
. 233 600 1800 iR K5, i Bl T TaN [y
AT g AT RuC001) 17 5 1% . 800 C 1B K 5 i rh ik
A Ta 5% Ru [ &E Ak 107 55 06 B B0, 3 150 B A Ak 4
Ji$, TaN M in A ZEZE T Ru 1 Si B9 k4L 5 1 » Ru/
TaN XUZ 250 BA B4 i 50 et

#t—7E Ru/TaN BUZ 54 F 3R T 50nm [



I WA SE . W Ru/TaN XUZ WERAE o JORF & 80 L% - B 4= 199

Cu 2 EARNRE IR A5 R iE 3 s . X F
Cu(50nm)/Ru(5nm)/TaN(5nm)/Si &5 , 7E NIl &
B S ) XRD &, HAE WL ] Cu(111) #1 Cu
(200) f) i1 59 0 . B 5 IR kIR 21 38 700°C F1 750°C
Cu(111) 1 Cu(200) 177 5 e fy 5 J32 o A T 34 5 . [
Bf Cu111) W A2 1 i T HY B0 T Ru(002) 14 A7 5 1
(UL 3 R /NED L UL Ru &5 & 9% HL 5okt A By
KA. 2 800°C 3B K J5 , Cu W A5 8K 2 i i b 3= i iy
A bt B2 BT — 28 Cuy Si AT 5 i L 3 5 R b
178 )2 H B AE 800C 3R K 5 i 3 b T U B4 A

300 :

S0 Ru(002) | [Cu(lll)
250 L M
S0 bt

36 3840 4244 4648 5

200

150

100

Relative intensity/a.u.

50

As-deposited

20 30 40 50 60
20/(°)

B3 Cu(50nm)/Ru(5nm)/TaN (5nm)/Si &5 2 4% fft i i
B G  XRD %

Fig.3 XRD spectra for the Cu(50nm)/Ru(5nm)/
TaN(5nm)/Si samples anncaled at different tempera-
tures for 1min
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Fig.4 Leakage current as a function of time for Cu/
Ru/TaN on thermal oxide at room temperature The
applied field is 4AMV/cm.
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Fig.5 SEM images for direct electroplated copper on the Ru/TaN/Si structure

nealed for 3min at 300C in N, ambient
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Ultra-Thin Ru/TaN Bi-Layer as Diffusion Barrier to Seedless
Copper Interconnect”

Tan Jingjing, Zhou Mi, Chen Tao, Xie Qi. Ru Guoping, and Qu Xinping'

(ASIC & System of State Key Laboratory, Department of Microelectronics, Fudan University, Shanghai 200433, China)

Abstract: The property of Ru/TaN bi-layer as diffusion barrier to copper interconnect is investigated. Ru/TaN and Cu/Ru/
TaN films are prepared by ion beam sputtering system without breaking the vacuum. Rapid thermal annealing is carried out in
high purity N, atmosphere. Sheet resistance measurement and X-ray diffraction show good thermal stability of the Ru/TaN
bi-layer structure. Bias leakage current versus time measurement, which is very sensitive to mobile ions in the oxide,is also
used to investigate the copper MOS structure. The direct copper electroplating on the Ru/TaN/Si structure is also carried out.
The results show that the Ru/TaN bi-layer with good thermal stability and diffusion barrier property can be widely used in
seedless copper interconnects.
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