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ES 2 Reactive dc magnetron sputtering®]& ¢]$-s}<] Z2t¢ molybdenum nitride ¥t=te] Cu
Bk A £EA4E zAbstdo Cu &4F w7t e 2 A molybdenum nitride ®tehe] 4ok Ad-e @
#st7] #lsle] molybdenum nitride 22t ¢jell Cuf evaporation® 2.2 Zxst3 AlF oA ejs}eich
Cu/y Mo,N/Si F&+ 600°C, 30872k G2l Al7b=] <A stdet. g4t whAete] szl 650C, 3048
b e A58 A2 gat(lattice diffusion) o]+t gl Al (grain boundary) #} 2 3 (defect) & & &4t
off o8l vtelubz] Alzbstedaz, o] = molybdenum silicide®} copper silicide®] # Aol 7jalsl oz
ArE et dAe] olF Cu/y-Mo:N/Si 2] siresse 5% #H(agglomeration) o] 2ls) 7Hastdn
gzje] &xrt E71Ea2 Cudl SioAlelo] Abdubgo]l Z7}sbgdct. o) Rutherford backscattering
spectrometry, Auger electron spectroscopy 22} 7 Nomarski microscopy 52} %48 &3] zAl= gt}

Abstract Copper diffusion barrier characteristics of molybdenum nitride thin film deposited by reactive
dc magnetron sputtering were investigated. In order to observe its thermal stahility as a copper diffusion
barrier, copper was deposited on the molybdenum nitride films by evaporation and annealed in a vacuum
furnace. Copper films on the silicon subsirates separated by thin layers of molybdenum nitride remained
stable by the heat treatment of 600°C-30min, but they began to fail as a diffusion barrier after the heat
treatment of 650°C-30min by lattice diffusion or by diffusion through grain boundaries and defects,
when molybdenum silicide and copper silicide were thought to be formed. On heating, the stress of the
Cu/y Mo:N/Si films decreased due to the agglomeration of the films. Furthermore, the interlayer inter-
actions between copper and silicon increased with increasing the annealing themperature. These results
were investigated by using Rutherford backscattering spectrometry, Auger electron spectroscopy and

Nomarski miscroscopy.
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Fig. 1. X-ray diffraction patterns of Cu/y-Mo.N/Si
films annealed at various temperatures
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Fig. 2. Effect of annealing temperature on sheet
resistance of Cu/y—Mo.N/Si films

2 3087 dAefsiaich

Fig. 12 d3e &x¢ @& Cu/y-MoN/
Si =tete] XRD dataelct. Molybdenum sili-
cide7} 650°C AAz) olF ebdge & &
olsdrh. ==& copper silicide®] XRD peaks=
850°C o|& vtebxtrh ol o]F 2] RBS,
AES Z2]3 Nomarski microscopy 5 27}
o} & odxlstza|E 3 <lvt Fig 2+ g A&
2ol wE upete] WA Aztolrt 650°C
dxe] olF ubate] wWaigre] FA3 Fvhslt
il ol A& contact FHo| HHojHe
w3k Curt Wt 2 AFsEoi3t ez A
Cu layer7} gkob#]& “thinning effect”ell <] &k

Aoz Azteqich 2t 700Ce |49 2%
off 4 AAejgt Aol ube] HAgte] F
23 7AstgdEd olE  copper 51hc1des9Jf
molybdenum silicides2] A2 <lsf = x3
o] Ztad o ArE U

Cu diffusion barrier24 molybdenum ni-
trided- A4317] $isid= wot stress7} wb
T4 AAbeliA AARAl(yield) Al 2] A (relia-
bility) ZAE o}7|Al7|EE w) Fashc)
Si Z1g3 &4 ubet Ateje] Ade] 7=
stressv A AASFH A 2] intrinsic
stress®} A B A Ao 23 thermal stress
2 FEE F Qo 228 F/HA7E AEF
(pin hole) % #-& ZHAgto] A AHEZ misfit dis-
locatione] ¥ A ¥ o] dislocation glide7} <deof
v}oubet stresst= ZHA¥o* Y, Fig 3& A
2] &5 wE Cu/y~Mo,N/Si uhete] stress
Azfelr}, 800°C Al A7bR] wbel stress7h
st gle AE & 4 sl 2y ol
gt stress?] A F}E intrinsic stress?] ZhAol|
2% Zelzl7] Erohie thermal stressell ©] 2
Ex1z ez AzEgch dhvksid Cull
A A= 165 x1079°Celx  molybde-
num nitride®} 6.2 x10 %/ Ce)v} Sie] 2.7x10
"/"C}?_q YA ] mZ7] HF heatingr] E

29 Cu 4o 2% 3} (agglomeration) 7}
\é}‘l}.l stress§ o] 8kA]7)7] dlFeo|c}.

Cud} Sie 743k AEubeAe 74xa 9o
g enosr A8 uk-23le] copper-sili-
cide(Cu,Si)—a— g Agch wetA Siogle 23

a5 S AlzretAd =™ CuSi g4
=2 Jf& SioZlgsle] AgE wAToeHy
diffusion barriere] =& #qld = g]r}
Fig. 4% Cu/y-Mo,N/Si utehg dzj2lih &
Sioelee] F4 ateES ARG A kvl
227 #n)A Abxlo|c}. As-deposited AM)
o] 759} 600C dAejg A& diffusion
barrier®] =7} epA| ¢fskoh 650°C 9
Aol e sl g el Aghe] Bejrl
Alztate] dAe X7 Frbghel o) diffu-
sion barriere] =}#o)| 20g A3 % (defect
density) 7} Z71g& o 4 Ak

Fig. 5 dxjg] X ot RBS &4 3
ol As—deposited el e gl Cu/r—
Mo:N/Si F29 7+ Aol A F2x53 9

O

o =



o]Fq - whE % Cu 5 4¢ 9% molybdenum nitride 4t w22 &4 629

/L
2 7/

Stress ( X 1010dyne/cm?2 )

A

Y

T II/I T | IR RN A R S B R |
as-depo 600 650 700 750 800 850
Annealing temperature ( °C )

Fig. 3. The dependence of Cu/y—-Mo.N/Si film stress on
annealing temperature
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Fig. 4. Photographs of Nomarski microscope after heat treatment at various temperatures. (a) as—deposition, (b) 600

C, (c) 650°C and (d) 850C
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Fig. 5. RBS spectra of Cu/yMo:N/St films with a vari-

ation of annealing temperature
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Fig. 6. Auger depth profiles of Cu/y—Mo.N/Si films an-
nealed for 30min in N, at different temperatures. (a)
600°C. (b) 650°C and (¢) 7007C
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