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Abstract — TiN has been investigated as a good candidate for a diffusion barrier of Cu. Therefore, in
this study, the grain boundary diffusion of Cu in TiN film was investigated by X-ray photoelectron spec-
troscopy (XPS). In general, TiN has a columnar grain structure. In the relatively lower temperature, less
than 1/3 of the melting point, it was observed that Cu diffused into TiN mainly along the grain boun-
daries of TiN. The grain size of TiN was measured by atomic force microscope (AFM). In order to
estimate the grain boundary diffusion constants, we used the modified surface accumulation method.
The activation energy, Q. was 0.23 eV, and the diffusivity, D, was 5.5x 10" em’/sec.
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Fig. 1. XPS depth-profiles (a) “d-2oll A ¢] depth-profile, (b)
650°C @Ag] 3, 2ol 22 depth-profile, (c) 650°C heat-
ing 5-9] depth-profile.

1(@)]2} 650°C heating¥ &0 & w3 Fof AL depth-
O O %_L [S)
KR

profile{Fig. 1(b)}& #¢] 2o)7} gl & 4 9ok 17
t} 650°CZ heating3hHix] 218 depth-profile® )& 5
7§€] depth-profile¥}= W2 xfo]E Hojar g}, o

F2AFGIA, A 79, A 25, 1998

218} depth-profileoi] 4= % 7)ol TING} H.o| 31, TiNo] A}
2h2 A Cuzh BolEd| vl 8, 312 Fol| A9} depth-pro-
fileel A= M S-FE] o|v] TiN#} Cur} F&E3t U&S
& 4 ok o1 AL diffusionel] ©J) Curt TING )3}
o surface® gthE AL ouditl. o] diffusiond
TiNo| B graing 7FA| 1 Qi3 E3F A LE7) =&
9] 135t} 7] W&o grain boundary diffusiono] 2}l
o Akat 4= gt} 53] lattice diffusion® Uh= 52 grain
boundaryZ 3} diffusion o|2}= A% heating 3 AH2
9] depth-profileo] heatingd 2] depth-profilex} A¢] zt}
T Ao ZRE 1% 4 glrh whet grain boundary S %
&t diffusiono] 2% grain boundary 9} ¥ wiel|wt Bo]7] uj
wol diffusione] Yoji}7] Az R Aol7} ¢lE 70|
th A ek latticeE: 3 diffusiono] el  heating 3]
depth-profile-& 11222 depth-profile®} FA}3F TiNz}
Cu7} 491 ¥Hel9] depth-profile & 7ot} whebr grain
boundary diffusionol] ©]a} sputter&ol] Cu7} TING HH
o] A& o] depth-profilec] Fig. 1(c)2} 7o) Hol:= A
S8 A& UE F sloh ojelg Al ojn) wusl
Co-Ag[12}, Cr-Ag[13]0) A8 Az} n2ait}.

31239 depth-profile A& Y-8 Cuz} TiN®| grain
e} 9] 2 v}e} surface diffusiono] dojvleE 718 o
R, o} A& surface free energy?] xtolg o)
4 9t} 2, Cu?] surface free energy7} 1850 erg/cm’
18]0) 31, TINE CuMt} 23 =& 2300 erg/em’[19]¢]
& ZFEUHTINO| 10002 A4 44). duk
% surface energyE SEe WO R surface diffu-
siono] oji}=t], Cu7} surface free energy 7} TIN KT
Z 7] Qo TiNG FHE 9= W3ko 2 surface

diffusiono] dojytu}.

i 4y o

—

o =1

3.2 Modified surface accumulation methoddj|

9|8t grain boundary diffusion&%

Grain boundary diffusion =3 ¢} ojg] 7}x] vl Zoj
A modified surface accumulation method[13,16]& o] &
&le] grain boundary diffusiong AaE Tl modified
surface accumulation methodol| 4] TiN¢] grain- €} 31
WOR b Curb EAGA A ek vl g, Cst vy

2} o] EAATH

2D, w,t
Cs =1—exp [— d[:’)'aai J



XPSE o] &3t TiN /Cug]

Accumulation Surface (Cu)

/ Gr.jain boundary

Fig. 2. Schematic plot of grain boundary diffusion of Cu
through TiN film.
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Fig. 4. AFM image of TiN.
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