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Abstract The amorphous tungsten nitrides, WNx, film could be fabricated by reactive sputtering process. The nitro-
gen concentration for the amorphization ranges from 10 at% to 40 at%. The amorphous WyNy, film was crystallized
into low resistivity e-tungsten phase with equiaxed grains and excess nitrogen after the rapid thermal annealing for 1
min at 1273K, which was similar to the resistivity of the sputtered pure tungsten film. The excess nitrogen was deplet-
ed from e-tungsten crystals and then segregated at e-tungsten/poly-Si interface. The segregated nitrogen has fa-
vored the formation of the homogeneous diffusion barrier layer comprised of silicon nitride, Si:N,, nano-crystals, which

undertaken the inhibition of the high resistivity tungsten silicide reaction.

Key words © amorphous materials, electrical properties, phase transformation, thin film, segregation

1. M 2

B

2 A3 E (ULSI Circuits) & HA =7} 2 25
23g 7712 wjrlsof gk oluigt AR )
F 10duell 4GBit DRAM ] #A3 & 7o 8 o=
=z gehb zed, ULSIY A7 v gets
Gateo} RC-delaye 3 E9 Awg ZA AT FHeo=
dl&Ho)? o]& sNAE] fsia A Fe] e ookt
Metal SilicideA| g AFANE7} HES T A AE 0.
25/mol3l 2] ULSI 3 2ol 20]7] Y= o]l vlsfA
ok 10w} AF sk R 75T k. ol wet W /poly
-Si gate 727} tigto B A A glov}H s ek 00T
o]Ake] oo &% do] W3 Sie] AlHe4 Silicide
reactione] A dojuind, Al AR A4 (spike) &
tungsten silicide (WSix) & gate lined] ==b 2 #3§&
Z7HAA MOS 54& 4323 + sl Yz )

Zed = (diffu-

o} ¥ WSixel AL AR5} 7] $)8) 4 Q’ﬂ'

d
kil

© oL

sion barrier layer)o] 283t} Tungsten nitride
(WNx), tungsten silicon nitride (WSiNx), TiN film %

o] 2% ¢ MEEH Bu=gdch? 2y, WNxE A
ol ¥ oA B3I ko] glew' TINS )
8o 1f AFge] ¥x, kAT APE Ztw 9lovt whit
Aol vl A& columnar F29] dAHo 2 F4 W whut
o] A7 MEE FrH7le EAEE 2 ddet?

o] ApdHE FAHE dwdstn —’}‘-7}24‘{‘ B A F
o] 9= M2 7Hd9] W/poly-Si
Alstat gk, ol S g% ‘1!"31‘:%
WNx 5& % A wpo] £A4 2 sto] WNx/poly-Si
gate 7Z& ﬂ‘é"]’d T 34 °311ﬂ (RTP: Rapid Ther-

u}aj-8-

e z
=

),

7} W/poly—Sl 74]“401] HAE o] WSix Hk

=2 7idistdct. o] 2] ¥ WNx uhet

A o Ar|A g v So 2 gAdstgdd
2. Al g aly

Axwo] (100) @l n-type silicon
70A 227 Si0./Si-wafer&

7)go] 43
wafer 4l Si0.& <

y}5 o]



30 FFAETHA A0 A1E (2000

substrate2 AME-3}%ic}h. Ao substrateS FHw HF
solution® A4 (super clean water) bath <ol dip-
ping ¥t AlA =i}, sputtering Aol chamber®] 7]
HFEE turbo molecular pump®t cryogenic pumpE
o]-8-8koy 2F 1077 torr. & f-A3tgct. WNx filme Ar+
N: gas 2971914 W target® sputteringol &} reac-
tive sputtering .8 Az=gich ehfe) Ada =
T 7F29] A )& N/ (N.+Arn) o o8] 2H=9T,
2 $=§ 1ste] wute] FAlE 1000A 22 A3}
A AR} By AF-HL NWAAHE silicon
wafer®] 58& &A%t Hrists Wy o 2 TencoAle
stress guage’} ol-&=|glch. whate) AAFEE X-ray
diffractiony] 2 2 ZAl= g, ol 20= 30~50°H 9
2 ¥A=T, target2 CuKaz} AHEEH ). whate] =4
< RBS (Rutherford Back scattering Spectroscopy) £
AES (Auger Electron Spectroscopy) & Esj4] £4=¢]
o} WNx 2ate] A4 558 A4rbAo) v)g-g Hep| )
224 0~55 at¥ A ENA wish=gict, whabe) of x

= %<8 (RTP: Rapid Thermal Processing) &+
A g o]&35ted & 873~1273K, A7t 1mime} 7o 2
AAEl e, X @& garl 4358 w=)E}7] 9
3 IET Ar 7hAR F8A E971E FAAFHC 2t
A 714 & Prometrix (Omnimap R55 model) Ao <
14 4=+ (four point probe method) @2 7}s)g]
t}. ¥tate] v]H| 2 A2 SEM (Scanning Electron Micros-
copy) 3 TEM (Transmission Electron Microscopy) &2
TaEdc) dehye) AR 445 ¥ = B2 9 A
Sl #3 A= AES(Auger Electron Spectroscopy),
SIMS (Secondary Ion Mass Spectroscopy) % XPS (X-
ray Photo Electron Spectroscopy) & E#4] 2=
c}.

3 EotH uE

2% 1& reactive sputtering ® €4 tungsten ¥ t©}
*FF w29 AL E FH-3 tungsten nitride (WNx) whe}
of g X-ray diffraction A3 Adoltt 28 1) =
&% tungsten &FHe] 3] peakoll Rl AL}
7at% d We 28 1(b) o Ze] £ tungsten peak-& A}
2hA] 3, d4lef S-tungsten F2E Yeld™, 10~40at%
o 9= broad peakite] Yelhd o2 Mol v 72
2 Zal=gloh. zejd, 45at% ool A= FAAkel WN
o] vehd Ao 2 Hol AAAl Ato B wHERL o 5 9]
Aok, o] 2R, whute] A Fwr} oF 10~40at% L o
WNx+ H A Ao 2 248 4 9182 sty uht
<+ AAA M8} obd vHAA AER FAsIHE olve=
uhab 9] void channel® e A WA 7F5A L A
713, ZAS A ZAE FU3IT oA o) JIEE FEst
7] $1% =2tz & 4= Qi)

29 2= % tungsten ¥ tungsten nitride (WNx)
wteke] AR A A EE Jeldnh. £4% gaw 1

B a-W
= d e B-W
g (d) v M v WN
g N__
8 (o)
£ 1) | .
[ s e
£ @ _
30 40 50
Two theta

Fig. 1. X-ray diffraction results of reactive sputtered tungsten
and tungsten nitides films with various nitrogen concentration.
(a) pure W (b) N. = 7at% (c) N; = 10at% (d) N, = 45at%
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Fig. 2. Effect of nitrogen concentration on the stress and
resistivity of reactive sputtered tungsten nitride films.
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Fig. 3. X-ray diffraction results showing the effect of RTA-
temperature on the crystallization of the WgNi amorphous
film. (a) as deposited (b) RTA-873K (c) RTA-1173K (d) RTA
-1273K.
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Fig. 4. Scanning electron micrographs showing the microstruc-
tures of Wy Ny, film (a) as deposited and (b) rapid thermal an-
nealed at 1273K.
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Fig. 5. Effect of RT A-temperature on the resisitivity of WNuy
film.
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Fig. 6. AES depth profiles of W N/ poly-Si/SiO,/Si rapid ther-
mal annealed at 1173K and 1273K, respectively.
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Fig. 7. SIMS depth profiles in the W N/ poly-Si/Si0./Si (a) as
deposited and (b) rapid thermal annealed at 1273K,
respectively.
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Fig. 8. Transmisston electron micrograph showing the cross sec-
tion Microstructure of W Ny/poly-Si rapid thermal annealed at
1273K.
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Fig. 9. XPS depth profiles with increasing the sputtering time
after removing W layer in the RTA-treated W/ poly-Si/SiO./
Si.
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