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Abstract

The thermal stability of “stuffed” TiN/Ti barrier metals with differnt annealing history
has been studied to improve the contact reliability of Al/Si contacts in 16M DRAM. The
annealing conditions before the Al deposition such as film thickness, the annealing
temperature and the annealing ambient have been varied.

For TiN(900A)/Ti(300A) annealed at 450C in nitrogen ambient to form a “stuffed
barrier’ by inducing oxygen atoms into grain boundaries, there is no observation of Al
penetrations into Si substrates after the post heat treatment of up to 700C even though
there are massive amounts of Al found in TiN film after the post heat treatment of 6007,
indicating that TiN has a “ sponge-like " function due to its ability to absorb several
amounts of aluminum at elevated temperature. The TiN/Ti diffusion barrier annealed at
550 has, however, failed after the post heat treatment at 600%C. The thinner diffusion
barriers with TiN (300A)/Ti(100A) failed after the post heat treatment at 600<C.
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Table 1. Experimental conditions used in
this work.

| Parameter | 24 B

Rk 450, 550, 600T

upuprz TiN(90nm)/Ti(30 nm), TiN(30 nm)/Ti(10nm)

dxle] $o7) 1A | AT, Ha, A% A

AHe A7} 0¥

FLA A AL 302

Faodxelex | 500t 600T, 700T

Al overlayer Al:1% Si

=5

dz2]% 600 nm 9 Al:1% Si & sputtering
g o g FaAglon, o]F thAl AiEelrlelA
500, 600%¢, 700C WoolxM 3087 FHdAe
slodch, dAe]ed wE Ao vkg
phology+ cross-sectional transmission electron
microscopy (XTEM) AHg-Ele] BAlshg] o,
o} FFe] 7Zlole]| ulE FAIW|:= Ar-ion etching
o] o]& secondary ion mass spectroscopy
(SIMS) %= x-ray photoelectron spectroscopy
(XPS) & 2&-8led EA3iodrt. SIMS elxe FHE
® secondary ion® A4E, XPS dlAe 22
AEEE Si2p,Nls, Ti2p, Ols, Al2p2 71 &3}
atomic percent® vlehligich XPS #4& o] 43
o] Zold wWE HYE FAd T #AE core
level?) binding energy shiftd ol&3ste] 31
o}, FE4dxe|F Ao Al uehe AAYF scan-
ning electron microscopy (SEM) % electron
diffraction spectroscopy (EDS)E& Ap-&3}e]
surface morphology % A #34& 3laich g
% upato] H7|A EA-L- four-point probe method &
ARg-3le] ZA 519t

ul

= INor-

=

=3

I #2 o &

L odale] ¥917)0l abe wtets s

2y 1S A £947] Aol @2 TiN(9O
nm) /Ti(30 nm) 728 A2 L=se] e
Mgk WEE el el AT U AnEY



1993% TH E\FIPEHGE F308% AR £ 7K

ZlellA dxezld Aol AR silicide
Aol FAel deojutm glod, 450%¢e)itel A=
silicidation, 600%¢C °)Aelld+ Fwe] Alzakgo)
Fxslx ok Aol ko] A4E FHAR A
Foll= EHANEARRo] Fedle, 550l HA g
g 2% ubbA A Ti-O0 2 v A "}, AsE
T3 o]lfE fast diffusion path& ATs=
grain boundary & AtaRxt24 “stuffing” A7
i xolx|ut, wifFHHql i3 F HA g
o] F7t2 Qs A8Ade] gl =3 XPS Ao
ot ALEL 7N DA lFE Aol FhodAbs:
o) 23l dAe]LrE 50CEeg 450TC oA
600CE F7H71= HA N dAe|Hel v]sle] <f
10% Az Adagfae] Fvkgcl dxjel2xe
Z7tel et Z7tEE A4E TiN whehdle) Tid=}
9} TIO % Ti:0s9] FelgA] Agse] g a3
ste] whEd vf qloh ¥ debd B AFee
TiN/Ti #2& ALE 718k dAeFoz A

# 9] diffusion barrier $4& 7zt uiute oy

2} 3pgich,
4

TIN(O nm)/TI(30 nm)

5

S °1

3 2]

3

- © Vacuum
1 v T v T ® Pure N2
200 300 400 500 600 700 " N2+1% 02

Annealing Temperature [°C]

a3 1, Azl 4714 9GE TiIN(900A)/Ti
(300A) Htete] Axje] 2 wislel] digt
WA gkgt W)

Fig. 1. Measured sheet resistance of TiN
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Fig. 2. XTEM photographs of Al:1%Si(6000A)/TiN(900A)/Ti(300A)/Si structures as a
function of post-heat treatment temperatures (a) as-deposited (b) 500C and
(¢) 600, where TiIN(900A)/Ti(300A) is annealed at 450%C in N2 ambient to

form a “stuffed” barrier.
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Fig. 3, High-resolution TEM photograph of
a sample post heat treated at (a)
600¢ and (b)700¢C.
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Fig. 10, SEM surface morphology pictures of the samples (a) without and with the

post heat treatment at (b} 500¢C, (¢) 600C and (d) 700%, after stripping Al
overlayers.
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Fig. 11, SEM surface morphology pictures of the samples (a) without and with the post heat
treatment at (b) 500¢C, (c) 600 and (d) 700°C after stripping Al overlayers,
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Fig. 12, EDS spectra of (a) the substrate area and (b) the dark area in Fig, 11(d).
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