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= B Cub Alichuldge] o 2T, d=Eojolaelold uige] o Zsb7] Bl Alg mAlsle] AgE AZE AHY-
g AEE de) A7HT ook 22 Cuk Si0.E& $9 Si7lR S0 shbsle 7% e dHEIAAE 2T Yer
Cuslidg 1A barrierg &g @7 Abgalor @k A13747 A 7b $5% ARE TaSiN,elch. TaSiN, & 900°C oA
Fgol B4sE ZoR 23 uh elod, 29 barrier S5} Badshe] HastT = AZ ZAFFolel & ulg-Fol Bol Aok
2 AT Wy 2AE Y 29 skl (100)Si Ao]siabel TaSiN, % 52812, Cusl et barrier 224 b
A) Folol ¥ QW HHAL WHT) 24, X4 57 P AES Zol¥A Sl slste] Zabskgich. Axeiy T4 No/Ar 7]
2] St 15% 2 W 44 Aol 7P 5% TaSiN o] dofArh. Tash TaNe 27 600°C s} 650°C o4 ¥ako) %Al
sh W, TaSiN,& 900°C o4 ko] HAshsich. TaSiN, | 247175 che-a 2ch: Cuk TaSiN,#& E5she] TaSiN,
/iAo R o) 5% the Si7IBuel SiAST whgReh. 7 A3} TaSIN,/SiARel 4 CuSizh 448}

Abstract Cu is widely studied as an interconnection material which will substitute Al interconnection owing to
its lower electrical resistivity and higher electromigration-resistance. However, a barrier metal is necessary for Cu
interconnection because of the thermal instability of Cu like diffusion of Cu into the Si substrate through the SiO,
layer. The best barrier material against Cu reported until now is TaSi.N,. TaSi.N, was reported to fail at 900,
but there are many things to be confirmed and newly investigated concerning the barrier properties of TaSi.N,.
In this study TaSiN, films were deposited on (100)Si wafers using a reactive sputtering technique and their ther-
mal stability which is indispensable for a barrier metal against Cu was investigated using sheet resistance mea-
surement, X-ray diffraction, and Auger electron spectroscopy depth profiling. The optimum N,/Ar gas flow ratio
for the sputtering process with whfch the TaSiN, film of the highest thermal stability is deposited was found to
be 15%. TaSiN, failed at 900°C, while Ta and TaN failed at 600°C and 650T, respectively. The failure mecha-
nism of the TaSiN, is as follows: Cu atoms move to the TaSi.N,/Si interface through the TaSi.N, film and react
with Si atoms in the Si substrate. Consequently Cu,Si forms at the TaSi.N,/Si interface.
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Cu¥x AlXc} v]xglo] ©f 1 electromigrationsl] ti
g Ao} o Zstr] wigel” doE AlS djAld A3
2o HJEE AAdisR de] drH ok Cusfid
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o Betl, Cus) FHGA4 BAZ L % shfolch. Cute
Si substrateg} 24 contactdli Y& HFolls= EE0|A
et Si0, 5o HdSH AF3 g A= HAts
Z3}3}ed active regiond] = 4+ 3HES 4 lr}. Cus Si
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A =37k AA Zbsell 4] Cush A8 barrierj2 2 4>
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metal5& dubdgo 2 Cu-SiZte] barrier A8 2 2%}
x|, 2 FollA Tar} Tujet 744 v o2 &3 A
et Ta._ Cusg} qhg3tA] 2 Cusl A2 &A1 5 A
A% ¢k o v (immiscible), 650°C A=A Sie}l Hk-$-3}
o] TaSi, & A}, =gk 500°ClA Tae] ZAHA
5 w2} Cudzlso] o]F3te] Sish whgFo =y A
7} A%}, z2ejy Tao) Sig #H71sled TarSie 7
< Aejabelod YAk v HA 727} Ho AAY3 o
oAubs &%l 850°C olste] 2xelMe Cuol HAAYHA
gale] ddeojrix] ke 2} TanSix%E Cust HE3)
g "ol 245 57} 650°CE Boix 1z, 650°C o)A
o] x| Me AAHIE TanSi 2AYAE uet Curt
Fatgho 24 Fafo] wAyFicl

3+, TaSi; 8 24 9794 reactive sputteringt] o
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2 §Ao] g FAE RuHgE $olu g o] sjge) B}
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F2L& Ta-Si-N=te] Cuoll w3} diffusion barrier 24 2)
A 548 At Kolawa 59 Mol E3Eslw &
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o] HF&H(HF : DI water=1:20)o4 2%7} ofAg
%, DI water rinse$} N, blowing-& 4 A]&}<dx}.

AlH Az e o3 2o (Fig. 1) @ TaN3} TaSiN,
22 247} Tas} TasSiy e}1& AHE-3ke] Ar+N, £¢)7)3}
ol| 4} reactive sputtering®] 2.2 T4 o 100nmE =33}
o}, olwje] 7]B #1F-& Rotary pump®} Turbo molecu-
lar pumpE ©o]83}ed 1x 10 °Torr o|3}2 #3331z,
DC plasma power: 100W, 2zt 2.e 10mTorrE 74
Al 7k, No/Are] v]ge TaNe) 79 1/3¢)1, TaSiN,
o) 2ASollE 5%, 7.5%, 10%, 15%, 20% & &}, o)
A Fu)%® TaN/Si, TaSi.N,/Si A3l o]E2] i)
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| (100) Si wafers |
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I BHF dipping for wafer cleaning I

I

Sputter deposition of Ta films

Reactive sputter deposition of TaN and TaSixN, films

l

I Sputter deposition of Cu films |

I

I Furnace annealing at various temperatures |

l

XRD and AES analyses,
Sheet resistance measurement using 4 point probe

Fig. 1. Process flow for specimen preparation
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glancing angle XRD(X-ray diffractometer, Cu Ka) ¥-
Hbleh. w1, Zolo] GE 4¥o) WskE skobir) st
o AES(Auger Electron Spectroscopy)24-4¢ A A]8}4]
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furnace annealing3 2 w2} oJ2] annealing %0l gk
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= 100nmgden, Cute] F4 94 100nmict. XRD
Az e A2 Hol d2|5}7] A (as-depos-
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o] Cu7l 4bslEle] 7] Ao 2 Holed], dxz]Z W
AZE7} 7x 10 "Torr & 8] A AZTE7} =9k7] wo)
200 == 400CH HlzZAd F2 dAe 2xoME Cud
kst Ao} ekslaah, 600C A4 Cugl Absiukgo]
23] dojut Cuqt ﬁ“ﬂ*“i—"ﬂ Cug] AtstubZo] Ay %7l
A BAE o2 AdEc. 2ev )4 K8 Fag A
& CuSiate} dAec). o]z CuldxlEo] TatES &

shahod Si7|H7b7) Weirh SiRASH Agarod A=Y
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Fig. 2. XRD spectra for Cu/Ta/(100)Si annealed at various
temperatres

Auk, obd® Sizj#te] Silatgo] TaEg E3sted 4
Bo] Cuttzo® gefel CudxEd AfYonz APA
HiE Aol ojx Fo]E Zhel] Taz} 600C4 Cug
Eatell gt barrier 988 83 3] £3hr] Aol
CusSiz} 45 Zlo] £1dglc).

Fig. 3(a)¥ (100)Si 71% ¢joll TaN=H& F3H3F 2] Ho
gk XRD 2~#E8lo]nd, Fig. 3(b)—(e)= 2 $Joll t}A]
Cumtg 22 thg 600, 650, 700, % 800°Cl A 2tz
g gk A|WEo] gk XRD ~HEJES Bl Zolch
Cuts 23 o= TaNuto] Cutel] 7} TaNz =z &=
A2} Jehdz] ¢k Cudlznt F3lo] vhep} ek, 600°C
AN CuSizlzr} A8 ehtr] b= Ho 2 Bol TaN
gto] Cug] #alol| gt barrier 9&-& & ¢33l Qe
Ao 2 ek, 22} 6503 700°CAAe =29 Fol
= @A CuSizla g F3o] B 4 Utk o7& o] &
ol Cuddztel SifdztEo] TaN#Hg F3g ohg 4
2 th} CuSiE 43S 9ulsid, o] EoME
TaNgto] Cuol tfgh it o 2 4o J&E S+3] 3}
2] B& 9n|3l= Aotk 800TC e CuSizzas] =
o]7} Cuvlz9} FolBt} 1) ¥ o2 Hol Cuztvld]
Cuslzts % b oldte] Sivlae SidxaE3 whg3ly
Agjatel=zts o' Azt
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Fig. 3. XRD spectra for Cu/TaN/(100)Si annealed at various
temperatures
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Fig. 4. Sheet resistance of Cu/TaN/Si as a function of an-
nealing temperature

w2 W @A) Wk A glek 700T M
@A go] vkl F7hew, ol e CusSivh ol HE
Ysslr] dEolch. T, 800CAME HATo] 2A
F7H8Ed, o172 XRD 2HMEYe] vehd uksh Zo]
CuSivh wo] Y4 =|sl7] Wit



AdE - AEH -

10

10

Peak-To-Peak

Sputter Time (min.)

Fig. 5. AES depth profiles of Cu/TaN/(100)Si: (a) as-depos-
ited and (b) annealed at 700C
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Fig. 6. XRD spectra for Cu/TaS.dN,/(100)Si for various N,/
Ar gas flow ratio of the sputter deposition process of TaSiN,
at 800°C
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Fig. 7. XRD spectra for Cu/TaSi.N,/(100)Si for various N/
Ar gas flow ratio of the sputter deposition process of TaSi.N,
at 900C
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Zgk TaSIN,ZEE 900ColA FAstgden, o]&el
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Fig. 8. XRD spectra for Cu/TaSi.N,/(100)Si annealed at vari-
ous temperatures
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Fig. 9. Sheet resistance of Cu/TaSi.N,/Si as a function of an-
nealing temperature
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Fig. 10. AES depth profiles of Cu/TaSi.N,/(100)Si:(a) as-
deposited, (b) annealed at 750°C (c) annealed at 800°C, (d)
annealed at 850°C (e) annealed at 900°C
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Fig. 11. AES depth profiles of Cu/TaSi.N,/(100)Si annealed
at 800°C for the N./Ar gas flow ratio of 5% in the sputter
deposition of TaSiN,
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