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Abstract—As the feature size of trench or via hole decreases below 1 pm, a void formation caused by
nonconformal step coverage leads to serious problems in the reliability of integrated circuits. T this study,
theoretical study and experiment for tungsten film deposition were conducted to find a way to improve
the step coverage. In the theoretical part, a microscopic shape evolution model(MSE:4) considering adsorp-
tion, re-emission, and surface diffusion was proposed and numerical simulation based on string algorithm
and Monte Carlo method was performed to examine the effect of various mechanisms. The step coverage
was better for lower sticking coefficient(n)), smaller aspect ratio, and larger surface diffusion. In addition,
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the dependence of step coverage on the trench shape and various re-emission mechanisms for various n
was investigated. Experimental results from SiH;-reduced LPCVD of tungsten films were compared with
simulation results for various substrate temperatures and types of carrier gas. The activation energy of n
was 13.0 kcal/mol. n for Ar, H;, He at 275C, 0.3 mbar, WFs/SiHy/carrier gas=10/10/200 sccm were 0.04,
0.10, and 0.29, respectively, implying that a low temperature process using Ar carrier gas is preferred for

better step coverage.
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Fig. 1. Schematic diagram of tungsten LPCVD system.

&3} 222 A% AAUEE 2T 5 e mde
Aurstgich. olelgh o) Aabeal ATE AP Ao}
u) o] A58t E Hukgel A1) medu B3, 719
L5957 FAAS % FLYe VINE GBS

2439ch
2. g8 XetsnSH Ay

2-1. AHEH|

B Aol AREE At Awgr) e fEe
Fig. 13} zen class 10002] FA Aol Adx|ste] A
3}dc}. ¥k2- 7= stainless steel & W&o %] #o] 25 cm,
A7 32cmel Y53 T2 ©d deolH Xelg uhg
7124 ¥r-2-71 A+ showerhead & F3te] o34
53 581%) do)s 71@/A Mejd 4 ok 7l H#
FrAog A i Wl oste] rladstm W37
wo W7hsks cold wall WHE7) JelE 4 7] 250-
400T, 9He7) Mg TR PR BELS 15T R F
A&hoict. 7]#e] £x = OMEGAZS] K3 dx%4ex
ZRstgon 2 ~Ake] PIDE 2540} 7|2 G4l
ZEHE AGE AAFezA At

4. Throttle valve
5. Gate valve

6. Adsorption trap

o, Conuoller,

J2J  Turbo-Molecular PUMP

LAMP'S CVD Apparatus

7. Mechanical pump
8. Cooling water
9. Heater

A A2~"&  turbomolecular pump(LEYBOLD
TURBOVAC 450C) ¢} rotary vane pump(LEYBOLD
TRIVAC-D 40BCS) & 2 stage 2 o1 A3}e] Al&-3}oi o
uh-2-7] 7|9} (base pressure)-2 1077 torr7}R] @3
gt} wkg-7] qb3-& A 7F-4 Pirani 348 A (LEYBOLD
TR 201) 9} 2358 Penning 334 (LEYBOLD PR
31) & 283l COMBITRON CM330% %3] &4 stw
MKSA}Le] throttle valvest 17 A1A dA A §2 8
sdch.

Aol A3 7] A Ze FUFS7) A 2 WF(99.8%),
#9715} +E7)ANEE SiH(99.9%), H2(99.999%),
Ar(99.9999%), He(99.999%) % ) 4&tddch Sk A

F-4 A 0] 7] (MKS 247C) o)) o} 3] 24 £} ] v, 9k-8-7]
dH e 5H R 2o 73S dhdth Tur-
bomolecular pump$} rotary vane pumpAle]el & A3
AFu} trapg ol T e o] JREE= AL WA
s fE7|AE F3 AAsHEch

2-2. Ay

¢le] 7 cleaning& RCAF A& WstAA % 7HAwkE
38 8}dth A 1027} ultra sonic cleanerd] ¢lo] =2

HWAHAK KONGHAK Vol. 32, No. 2, April, 1994



124 Bt - EF3 0 oA F

one pattern

e 0.3 um - 0.4 um 44— -—» 0.5um
l 3um
re— sozf ——® .. 2 550 7Y
trench width : 0.3,0.4,0.5,0.6,0.7,09,1.0,1.4,1.7,24,3.1 pm

trench height @ 3.0 pm

Fig. 2. Pattern of trench used in tungsten LPCVD experi-
ments.
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Fig. 3. Trench used to illustrate different deposition me-
chanisms.
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Fig. 4. Re-emission patterns of incident molecules imping-
ing on a solid surface.

(a) cosine re-emission, (b) specular reflection, and
(c) diffuse elastic re-emission.
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Fig. 6. Flow chart of step coverage simulation using Mo-
nte Carlo method.
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Fig. 8. Effect of sticking coefficient on step coverage for
various aspect ratios at D,=0.0 um® sec” ! and 0=
90.0°.
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Fig. 10. Simulated deposition profiles for different lateral
wall slope angles by changing the trench opening
width for (a) n=1.0, (b) 1=0.5, and (c) n=0.1
at D;=0.0 um® sec” .
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Fig. 11. Simulated deposition profiles for different lateral
wall slope angles by changing the trench width
at the bottom for (a) n=1.0, (b) n=0.5, and (c)
1=0.1 at D,=0.0 pm? sec”' and A.R.=2.0.
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n=405 n=01i

(a) cosine re-emission

S.C.=5425% S.C.=87.95%

®) specular reflection

S.C.=84.64 % = 147.57 %

(©) diffuse elastic re-emission

§.C.=76.2 % =13432 %

Fig. 12. Effect of re-emission types on step coverage for
aspect ratio 1.0 and D,=0.0 pym? sec .
(a) cosine re-emission, (b) specular reflection, and
(c) diffuse elastic re-emission.
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Fig. 13. Comparison of SEM photographs from tungsten LPCVD experiments with simulated profiles for various sub-
strate temperatures at pressure 0.3 mbar, WF¢/SiHJ/Ar=10/10/400 sccm.
{a) 275C, (b) 300C, and (c) 350C at D;=0.0 pm? sec™.
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Fig. 14. Arrhenius plot of surface deposition rates and sti-
cking coefficients.
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rier gases.
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A.R. : aspect ratio

D, :surface diffusion coefficient [pm? sec™]

H  :trench height [um]

lg : deposited film thickness on trench bottom
[pm]

Is : deposited film thickness on surface near trench
[um]

n, :surface number density [pm~Z]

Ru  :adsorption flux [pm~2 sec™!]
S. C. :step coverage [%]

t : time [sec]

Temp. : temperature [T ]

W :trench width [um]

2a|0|A X}

0 : lateral wall slope angle [degree]

n : sticking coefficient

& : transformed variable for 1-D line at point i
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