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Q o2 oFAE 1000 A 579 Molybdenum 3}3H2 (Mo, Mo-N, MoSi;, Mo-Si-N)2} Cuoll ust &
Ay uto 2 o] 548 W84 2| (four-point-probe), XRD, XPS, SEM, RBS A& ¥3je] 2AL5HY
t}. 7} wbeb&o de magnetron sputtering H) 8 o] §-ale] Z R 3 300°C-800°Ce] & %7kl A 30E-F<t
AFEH 3t Mo% MoSi, A T2 & oA bk ato 242 B E R AHRAE
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Abstract — In this study, diffusion barrier properties of 1000 A thick molybdenum compound(Mo, Mo-
N, MoSi,, Mo-Si-N) films were investigated using sheet resistance measurement, X-ray diffraction(XRD),
X-ray photoelectron spectroscopy(XPS), Scanning electron microscopy(SEM), and Rutherford back-
scattering spectrometry(RBS). Fach barrier material was deposited by the dc magnetron sputtering and
annealed at 300-800°C for 30 min in vacuum. Mo and MoSi, barrier were failed at low temperatures due
to Cu diffusion through grain boundaries and defects in Mo thin film and the reaction of Cu with Si
within MoSi,, respectively. A failure temperature could be raised to 650°C-30 min in the Mo barrier sys-
tem and to 700°C-30 min in the Mo-silicide system by replacing Mo and MoSi, with Mo-N and Mo-Si-
N, respectively. The crystallization temperature in the Mo-silicide film was raised by the addition of N,.
It is considered that not only the N, stuffing effect but also the variation of crystallization temperature af-
fects the reaction of Cu with Si within Mo-silicide. It is found that Mo-Si-N is the more effective barrier
than Mo, MoSi,, or Mo-N to copper penetration preventing Cu reaction with the substrate for 30'Cmin
at a temperature higher than 650°C.
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2 {2AA electromigration AT} o]2 13 re-
liability S} ZAME TAAZIT Ao DEFHAN
WUFLO R 2olT Qb ARCu S AR 2A
2849 BAE Gl B de, we w2y,
electromigrationo] thd <2 HEA %) 2 <ld
ULSL Aol sl g g B34S BoE Cudll bt
AE A HATHL, 2] Cuss & B AF (1.67p Q-
omyg Zi AT =EHo| xom (1084°C), elec-
tromigration ¥ stress migrationol] i3t = #FHS 7¢
3 ATH3) ole @ A ® Bata, Cus Si09}e)
Rpelo] vhun}, HelZatel whgAo] A a1 Ay
e MEEEE vhAY, A R ZAA] deep
trap & HASE RAH S0 ofF CuE WA ER
A AR dlolle Eojobdt B2 ofgigol u4]
ofoh 2 FAME WAIE) fslM= Cugt Sirtold
bk aluto] g ain, b to 2= AV EA
2 HAMAA, AFedxte] gAY T of=
Ti, Ta, Wit} 7+2 refractory metal 2 ©]¢} 3}gE0] &
Tl Fui[5-8). AA7HA Rag v e Sk
& B3k Cus) Sig) SALe sababx|uie] AR YA S
fod B &ute] gabsn] waba vigd St gz
Aol A4 Lxot WAV e Ao B
o olel g ol HaH AL T £
Ale] shabubz)ubol refractory metal-A 2] Alo] E7}
o} diide] 1cH9~15]. Refractory metal-4 2]A}o)
lg FaA ddde] 4AS 23 el A-sEr) A
7HA] Cut Sio] whe gbg 27} sl AAEAT} gle
v opebr] AXEEE7t o] refractory metal-4 2] Alo]
T siabgaete] g E4-E AAshed 43S v E
Aoz Wuwa 9] £ Hejalol=uie] G4}
HelEeaote] 2uw b EA dgg v]A
™ swffing SA2A AFRE T Q& Aol My} T4
4 delZael vlE WA= AR BaFo]A) 1 gl
th9].
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Apolee B T2 2 FHE ARHAE S wE
& AT AR it £E iAoy o
Aryrbe AR & AREAN AYH Ao o4
Hm (stuffing) o] 2 <lafl Cu¢} Sie] Az EAS e
Aoz Agdrt A A7ED Qe Aoz
Aol TaA|¢} TiA] Fo] g0, TaAlZA= Ta-Si-Noj
500 Aol wtato 2 650°Ce] A 308:7be] AHolA 4
s8] dojub) k& Aol HuE T glw[10], TiA)
1000 A9} TiWo] 775°Ce] 8ab2| £ £ & Yeh)=
Ao2 BuE i o} TIWE v brittles}s], =3t
FAA] 2EY 27} ol EA47) "1, 12). b Mo
313 (Mo-N, Mo-Si-N) & Wnl2 328 (hard coat-
ing), Al SHA} 9L, AOIE T Fow a7
O} Cu kA EAd] 33 A7 A9 o)
obg) A eholTH13, 14]. whebd] B o)A of Mo 3
Bl B btz ¢4 B3t F4-49)
Apol= whuke) wia 9 A4 gkl wh2 FAbbx|EA

< Akt
2. AlEuy

10: 1 HF &0 2dskalurg A|Ag A& (100)
slol= ¢l 1000 A F7|¢] Mo-N3} Mo-Si-Nutahg: 7}
Z} Mo, MoSi, composite target© 2 AN, $9]7]9] reac-
tive dc magnetron sputtering & o]8-5to] Z s}t

AL F7150 =EA71A & A Cu 94 de
sputtering HH O 2 ZFabste] Cu (5000 AyMo 3132
(1000 A)ySi7| o) F2E et BE Zae 2717

FE 1x10" orr 0|32 FF F At on], F2A
4 Ar 7}A S8 10scem o2 TASE T AAS 0
20% F7F3ta throttle WHE ZA3led FaAlg) S
Smiorr 2 Qs FAAAT 239 2 ABe) D=
2 2o e TS B3] Qe 1x10°
torr o] 5}e] HF¥917]014 300~800°C WlolA] 2N
FA9 AVEL 0REL LA,

T3 R dAgd zh AHe) WAL Four point
probe system© 2 ZA& QYT X 2o u}E gtat
o] F22 Wal= Xeray diffractometer (XRD)Z2 A}-&-31]
4813t} Rutherford backscattering spectrometry (RBS)
ol &3t FAje] el o] Satuba|ntel x=Aa &
ARE Cush HeEre] ATIIAES BASAQ.
AR 2S F Cu BHO29) Si BAS Xeray pho-
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toelectron spectroscopy (XPS)2 ZAFs 1, Cusl Eakey
A eEE A A F Secco etchant[16]E o] &3] A2l
HEHE A2zH8k F Scanning electron microscopy (SEM)E
# Sizh Cue] FE oz 3 FHE el 71Hd
o] Z3-g #EHATh Cut HNO#+HO £402 A
3192, Mo-NZ2 HSO+HNO;+H,0 £ & Mo-Si-
NZ2 HF+HNO; €402 7z} A7) 5] it

3. gnt ¥ ¥

3.1 Mo BE/si

CuMo-3HEg/A el 2718 ¢34 dAes Higd
3t 22e A3l 4 gabreto g Ag-E Mo-3}
g whababae) dxelEkol wE M)A, FRAW
3}% four point probe®t XRDZX AT 1~10
Q-cm9] v AEE 2 A2lZHd FEE Mo-(N)T
Mo-Si-(N)e] g &xo & wate] WilE Fig.
1o vperdgolch. 28olA H50] Mo«(N)/Si AlH %
Mo-Si-(NY/Si Al el H7ke FAAgteke] F7hgkel ut
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Fig. 1. Resistivity as a function of annealing tempera-
ture for (a) Mo-(N)/Si and (b) Mo-Si-(N)/Si.
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Mo-Si-Nutete dl gy 28 Halal, 700°Coldo R
ey NHEE MgdFRor AYstd FREY
Wes wodth MoSkel #$- 800°Colate] FH %
tetragonal MoSi,2 A 3}9 & Jebdith Fig. 1904 K
Ql HlAge] hA Fig. 24 Yebd AR Wil
o} BA7} gl Aoz AbgEdd. Fig Ha) & Mo-(N)<]
Hzjgo] 2 Wal7} gli= A& Fig 2(a), (b)oll A 723
37h sl e Ao Fig 1b)ll 4 800°C d A2
% MoSi, B} 43kel & 7+4 53 Fig. 2(c)ell M Hehi
A= Agsdre] S7h 9 e uARS 2 tetrag-
onal MoSi,&9] 2 El el BA7F 9= Ao Al
th. obA 3t tetragonal MoSi, #2240~ 100 pQ-cm 9]
Ml Aate Zhee od Hasn Qi A7)l Blawst
o Aol A HE X Tl e WAYgE B
olizd] o]z AxjelAl ehAgt AYrt ohd FEHI
A4 ko) 7)018k A o2 Azt o) zt). Fig. 2(d)ell A v}
BRI 903 Mo-Si-N (20% nitrogenye dAlal25g
wolo wil 700°C ¥ xelA] v WA PR A tha =
& H A g ZH= hexagonal 49 FA4& Bm 900°C
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3.2 Cu/Mo 8|EH&8/Si

Fig. 3& Cu/Mo-(N)/Si# CuMo-Si-(N)/Si AJH] o
Aelero ek dda WstE Jepdct. 2 Cu/Mo-
(N)/Si A| H 3} CuMo-Si-(N)/Si A|H L MZ thE d32
LroA G2 WA S5 o A% A
Aake] F7hzh dolutr] el AA AR & A
ol WA g Bt o9 22 WA R B
dAeje] ok AAHel A st wehi R A3l o
L 3

5ol ¢jék Cuo] WA ghaie] 9d Aoz ¥} 7}
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Fig. 2. XRD data as a function of annealing temperature for (2) Mo/Si, (b) Mo-N (10% nitrogen)/Si, (c) MoSi/Si, and

(d) Mo-Si-N (20% nitrogen)/Si.
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3 ZAE (etch pitys &
gajute) ShalE R85 itk 42
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ako] etch
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L (inverted pyramid)%.
pitg 71t} Secco etchanti=
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& Pr}at7] Y& Secco etchingS vl dxj2]d Heg
Z 713& SEMog ywEg AE Fig 49 e
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2|2 )] Axaka ged HoR <110>wEke 7}
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15F ATEA & VERNLTH6~-15].
R 7t G2 %o Aol XRD pattemn$ 13 vhehy
3 %Atk Mo 518H89] peak#} Si peak ko] A4 53}7]
E o A S o 9Asto] QiAbzhe 28 5197) wlol peake] AT
o / ke S wolnl, weld AYste] BE peakdE
o5 o o] $7t% A A geth Sean i 207~
Vo / 80° o] o1} mowb Cu-22|A}o]© 9] 3 peak -3
o ) Fe UERRQIOM, RnE Mo-(NySiAlH e Axie et
0ot "‘““"”‘eﬁt,s‘i;;;% A% Mo-éﬂl*}OlEﬂ peak & T139)e] o) M
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Fig. 4. SEM micrographs of silicon surface after Secco etching for (a), (b) Cu/Mo-Si-N (20% nitrogen)/Si after 700°C an-
nealing, (¢) Cu/Mo-Si-N (20% nitrogen)/Si after 800°C annealing, and (d) Cu/Mo-N (10% nitrogen)/Si after 800°C annealing.
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Fig. 7. XPS narrow scan data of silicon 2p peak on Cu
(2) after 300°C annealing for Cu/MoSiy/Si, (b) after
650°C annealing for Cu/Mo-N (10% nitrogen)/Si, and (c)
after 650°C annealing for Cu/Mo-Si-N (20% nitrogen)/Si.
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