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Improvement of Electromigration Resistance of AlCu/TiN Lines
by Controlling Aluminum Microstructure
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Two techniques for improving electromigration (EM) resistance of AlCu/TiN lines were developed by controlling the
microstructure of aluminum alloys. One is control of Cu atom distribution in AlCu films by aging at 250°C for 10h after

" the wafer process. Cu atom segregation to grain boundaries after aging was observed indicating importance of segregated
Cu for EM resistance. The other is control of crystalline orientation of Al in AICu/TiN lines. Deterioration of crystalline
orientation was found in metallization process to form tungsten-plug contact/via. Removal of sulfur/fluorine atoms from

the TiN surface on which A!Cu films are to be deposited privented the deterioration.
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(@) TiN/Ti sputtering (b)) W-CVD

(c} W etch-back (d) AlCu sputtering

Fig. 2 Process flow preparing AlCu/TiN lines with W-CVD filling contact

thvy, WM EWCVDFEC LW 77 7 vwaRTwn 3,
Fig. 2 ifaeg)yr 7oA 70 —42 KT, 2092 FF— L& HR
L7tk A2to #iICE NV ESRBTH 2 Ti. TIN #¥# L, CVD
Mz D W R 2EME S, SFE ARG AFHWT, RIE
#: (reactive ion etching) L0 Wz o Fs8w 727, T ¥
FhRR=NWNIEZW 2L RET AICU 2T 2, 2o,
TIN Zlilzz »F - 7FRRCEIN AN A -3 F 12, &
B, W73 72RWORBRTELET S TINEROL v F 2 7
FA—TDAICUBE~OBE, A —UERETIHMNERMT
ba

2.2 EE&

2.2.1 $r7AERFE

WIwF Sy 7270t/ Mo 2 My 7ok,
EM sl s HE G L 7. BCBHE R (23 hoon o770 L BB
EE A S Al-0.5 wt2%Cu/TiN/Ti T H D, BEE 13 800/100/50
nm T#H b,

E1oW 73 CVDEICE Wikl L 22 BPSG {(boron phos-
pho silicate glass) Lo DC=7A b 228 FEc L0 Ti &
TiN, AlCu ZJHE M L7z, #2004 7N dEN L7 ot
Z7v— (Fig ) THER L. B 1Ov 7T Ti, TiN 2HK
L7zik, 22827 bh—AioW % 1000nm R ERE S 2728,
Loy Foiy TR, Dy Foiy 213 W ORGHREE 2050
F—simz oy F T TS, 229, TINELREICEW
HE GGG EYIT LA, 2Ok, B 1OV LTk AlCu 22
WLz, LAt 7 iz o n T & i » 72,

Fr, BRI om DRGBI IR E 2, 7 b)Y
77 74— RIEZIZIOH1.24m, EZ26mm ORFHIZNT
Lo o¥w o=t g LIS L DR T A L7214, 400°C, 30 min
DT ==& EM Ik 2 i1 - 72,

SBII, Ty FNy T A -DERATHIEMNTW D v /0y
Z#I @ Ard4 A4 it ks TINR@O A 20 >, (b
Trxa=7RALA, (o) AR ET 57,

2.2.2 SFE

AlCu ¥ TiN/Ti o3 Bl fE M T 12 XRD (x-ray diffraction) (2
$A0 XL A —TER G, F 0 TIN FH O i85 48712
AES {(Auger electron spectroscopy) #, FIm#lSllaiz AFM

{atomic force microscopy} # Rlva7z,
2.2.3 EM muEEER

EM MadatEhid 170°C IEERHO ) THRMEE £ 4X10°A/em? e L

Tir=1z,

SR B W Vol. 26 No. 2 1994

23 TyFRewoFA-CORE

Fig. 3 1= TiN/Ti BMi%ic AlCo # 255 # L7 Lo (sp-TiIN/
Ti; Fig.3 (a}) Wz F e Z7HRIZAICUE RSy 7 Lz LD

(eb-TiN/Ti; Fig. 3 (b)) @ Al&& (LIDEEO 2 v ¥ > 7 h—
7 &R T sp-TIN/T Loy Al E & (111 & h1 o 15 5 3 B (75
Keps) 12 eb-TiN/Ti L #4123 Kesp) O#I3BTH D, FHEM
1/3 8% 57, SHEMI X3 sp-TIN/Ti ko ALK fadeb-
TiN/Ti Lol b<TAIDIZ LV BELTwWd S 2 RmLT
v 2, Fig. 412 EM I#E B FE R T. AlCu/eb-TiN/Ti K&
@ EM it tE A% AlCu/sp-TiN/Ti B -~ T 1/100iA L T8
B, Fig. 3@ Al#&Sa (1ITDEm»F{bL R B —~&%LTw
%, —H}, sp-TiIN/Ti & eb-TiN/Ti T TiN &b D (111 AL 342
LAY L hd o, ALESO (DRGNS TiN #5001 8
BETE#OTEET 52 LM ST 0S99, SEGHRL,
FRUAOBHEIC I Y ALBEREN UDERFEETE I L R0
Twa,

(a) Al film sputtered on as-
sputtered TiN film (sp-TiN}

100
Peak height 75 K
Half width 2.1°
50 ¢
E [ L L L L 1
Z 10 20 30
‘g (b) Al film sputtered after W
§ ay etchback process {eb-TiN}
= Peals height 23 K
Half width 5.9
15

10 20 30
Degree

Fig. 3 Al (111) rocking curve profiles
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Fig. 4 Comparision of EM failure time distribution between
the TiN/AlICu/eb-TiN and TiN/AlCu/sp-TiN lines
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Fig. 5 AES profiles of TiN surface
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(b} After W etchback process {eb-TiN)

AFM images of TiN surface
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Table I TiN surface treatiments and their effects on the TiN surface conditions and the crystalline orientation
Sample Al (111} erystalline orientation| S, F on TiN surface Roughness
{a) Ar ion sputtering 110 Keps nomn rough
(b)) Ammonium hydogen peroxide wet treatment 125 Keps non smaooth
(c) Organi'; wet treatment 15 Keps present rough
{d) W-etchback damaged TiN 23 Keps present rough
- 13 — SRR Vol 26 No. 2 1994
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Fig. 6 EM failure time distribution for the non-aged and the
aged lines for variable time
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Fig. 8 EDX intensity ratic of Cu atoms at grain boundaries
to inside grain as a function of the aging time
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Fig. 10 Schematic of the aging mechanism
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