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2 B 3AA WYgE AHSst AE FHT Ta YH FHEE, v, 9T TS, DAE, £Y T Y& &40
2 BN, RS/18) B ubg BAwel ols) Eigel F4uSte) $4RAE ASEgon, ol vjAgs AXYY &
Jd= 2R HHZAL 3% ¢4¥ 2 mTorr, $2 Y 8 W/em® ¥ 7%= 20C Ak AY 24 A=A (fitness) & §d
(pooling) 8+7) 94-& A¥ 0.85~0.99 & Atk & =34 Z39 b wiAF 180 uQmet DAY Fd= ~2%9 &
& 7o} S3bA7 do)As XA S o185t AT A9 S 9w 100~200A =] A 27|% e F-Ta
& Gt

Abstract We report the characteristics and the dependence of sputter-deposited Ta films on the process parameters.
The properties of as-deposited Ta films such as deposition rate, resistivity, Rs uniformity, reflectivity, and stress were
investigated and analyzed as a function of process parameter using a statistical experimental method. The functional
relationships between the independent and dependent variables were predicted by surface response. The optimal de-
position condition of DC magnetron sputtered Ta films was obtained at the chamber pressure of 2 mTorr, power densi-
ty of 8 W/cm?, and substrate temperature of 20°C by means of resistivity and Rs uniformity. The fitness value for
quadratic model as evaluated by the R-square was 0.85~ 0.9 without pooling. The as-deposited Ta films exhibited the
resistivity of ~180xcm with Rs uniformity of ~2%. The transmission electron microscopy and x-ray diffractometry
identified that the phase of as-deposited film was - Ta having the grain size of 100~200A.
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4] objectivex= “RSM (response surface method)” 22
AAstedct, A2 model® Z factors} responses F
A @A )BZ “Quadratic model” $ AH-¥9 2 design
typed Hete] AR 48 sk “D-optimal” & AH4
et o)lF ZRaYg AW AY AY worksheet
E AAAAT (Table 2), o]o) ole} AYE AP + &
A A RS/1o J¥sidch. AY Ao Mo T
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el ulAe 9%E& Jebln, e AF 23 (residual
value) & vepdch, A7]Alg o]gste] FAHS g
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Table 1. Sequences of Experiment by RS/1 method.

Designing the experiment
1. factor define Temperature, pressure,
power
2. define specification Objective- RSM
3. define the responses Deposition rate,

resistivity, Rs uniformity,
reflectivity, stress
D-optimal, Quadratic

4. generate the model, de-
sign
5. generate the worksheet
Perform the experiment
1. input the data [
Analyze the data

1. fitting the model
2. refine the model

Remove the unnecessary
terms

3. checking the fit

4. interpreting the model
Interpreting the result

1. predicting the response

2. graphing the prediction

Producing the contour
plots

3. performing the optimi-
zation

Table 2. Experimental Worksheet.

ZA w4
Temperature Pressure Power
(c) (mTorr) (kW)
1 400 1 5
2 20 2 5
3 400 2 3
4 20 3 3
5 200 3 5
6 400 3 1
7 20 1 5
8 400 3 5
9 20 1 1
10 400 1 1
11 200 1 3
12 200 2 1
13 20 3 5
14 200 1 5
15 20 3 1

o2 Yeld $ glern, R-sq.& % HEF(Sum of
square of total)Fel|4] HAAl] 2ste] Ho=les HE
{Sum of square of regression) ¢] x}2|3}= uj-golc}, o]
£ B8 & A¥dA =8 AN A& HFEA
o}, o) 43} L A o AEe AYsdz FAHESF
7} 34Tl o)X 93 ohg ol ApAlF] A
& s}
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Ta 2t collimator7} A% DC magnetron sput-
ter& o)4-89 $sqict. A% 2 200mm A& 3%
£ Si(100) #)9) thermal oxide 1000A A%A)1A A48}
don F2¢ Ta FA= 500A 01} Ta 24 T4
A42e 23 25, oY, $3 AYHe g AAsidy, 4
W40 W= 247t 25~400C, 1 ~3mTorr, 1.3~8W/
af2 A5 gt 2F2 4L Table 20 vielbdl e} o)
EAA A9 (RS/1 B4 package software) & o]4
st ARSIt 74 AW FaAAdH ] BAE AL
#1384 4 point probed ¢]-8-3te] HAF (sheet resistance:
Rs) R WA¥ F9Y% (Rs uniformity, 30) & &&s4ic}
(49 points/wafer). ¥t2} F3t o|F o}7|¥ 7|he FF
WsE o|gste] uiube] 8- (stress) & FAHsHoH
365nm HAtollA] Y| kAl A= E FAJste] ubube] ubal
% (reflectivity) & ZA}s}lgic}. o]% RS/1 %A package
software®d o83t T4 dol oid AR, BAY
TUE, 4L, WAL, 89 59 53 §4& A8
Qorn TAAFI} FHATA v 9% Fetsigct
X-ray diffractometry (XRD) £4& E3ls Ta wete
2} (phase) ¥4 % w=te) -4 ub9) & #Ast ). Cross
-sectional transmission electron microscopy (XTEM)
& M8l FAE SAslgen oE §3) Ta ihatel 3
F&e g uAge Al Plan-view TEM & |8
ste] Ta whatel ZAAYPe F71E ZAEINT selected
area diffraction (SAD) pattern®] 4 ¥£4Z3e} XRD
AzE wiastgch

3. dznt ¥ 3

3.1. 33 B Ta gol E4o)f olxl= Y

3% 2%, 3% 9y, 33 AY 9 FAHES WS o
£ ulAE, 94T FdE, FAEE AR, 3 5o F
% B4 H3E Fig. 1~5° Jepliddch. & 292 AA
AY AFE ukg FHEAYe R A Pe o A= F
T4 (contour map) & vheld Zel AA dHle]¥ point
Eo] “*" & ¥A] Hojglt}. Fig. 1o 3 AYo) 0}2 3
A& o] HiE Jehigich 455 dubaal sput-
tering Aol A £ 4 UFo) &3 WEHE FF A
o] Z/¥4E AdFez ZFvlelden], Figtye)
lmTorr — 3mTorr & &7k ¢ 24 F3dHelA 2~
3A/secd 2F F71slddh. 28y FR4E 5 A F3
259 gike Ao vehbA] oot

Fig. 29 $3aFel o} 2 XY FUEE epiict.
Z3Ao] 1.3W/aloA SW/alE F71E58 FUSs}
Ak o 2 /RS & 4 AN FAYHo] 2~3mTorr
WA M Fe ~2% vjRte) Fd=E Bt o=
o] oddollA] 7} kA& plasma FEfE F-A5}e] whahe
HAg Fder) HAE Ao Azt B A 2E
AWl HAG FASE 5% vl 45 g A
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Fig. 1. Contour plots of deposition rate (A /sec) as a function of
pressure and temperature at the deposition power of (a) 1.3 W/
cm?, (b) 3.9 W/cm?, and 8 W/cm®.
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Fig. 2. Contour plots of Rs uniformity (%) as a function of pres-

sure and temperature at the deposition power of (a) 1.3 W/cm?®
(b) 3.9 W/cm?, and 8 W/cm?
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Fig. 3. Contour plots of resistivity (mQcm) as a function of Fig. 5. Contour plots of stress (dynes/cm?) as a function of pres-
pressure and temperature at the deposition power of (a) 1.3 W/ sure and temperature at the deposition power of (a) 1.3 W/cm?,

cm?, (b) 3.9 W/cm? and 8 W/cm?®, (b) 3.9 W/cm?, and 8 W/cm?
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Table 3. Fitness for Quadratic model

A YA A11d M6x (200D

Dep. rate Resitivity Rs uniformity Reflectivity Stress
R-sq. 0.9160 0.8554 0.8599 0.9011 0.8384
R-sq = Sum of square of regression/ Sum of square of total
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Fig. 6. Sheet resistance and stress changes as a function of Ta
thickness.
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2 24948 ¢392 -4E+09 dynes/cm®4 -1.1E+
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3.2. Quadratic modeloi| CH{ 3t A2|=
A W o] g4 2% modeld) A9 Al=lde A
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z 7} 2350 U TARF = FTHEFTY BE
g0 W2 A5 5 = quadratic modelell Tt R-square
oz Jeld 4 glesl, R-sq.& % ¥WF Sum of
square of total) oAl 37 (regression) ol 2J3}od 4
£ W% (Sum of square of regression) ©] &}%|3t& ¥l
$olth. R-sq.9 HYE 0<R-sq.<1 24, ZE &A3}
Zo) AL YHGctH 1o] Reh'? ojwf 2] R-sq.9
7 F2EL 2% 25 (X)), 2F ¢H X)), 3% AF
(X 2 o152 A% 28X XA X XiXe, XXy, Xo
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Fig. 7. Low-angle XRD peaks of sputtered Ta film.

Fig. 8. Plan-view TEM micrographs of 8- Ta film: {(a) bright
field image and (b) selected area diffraction pattern.

34 -2 model?} R-sq gt Table 3 e} tiglon,
24 A= 0.85~0.929 R-sq. & 9¢ 5 g

3.3. Ta gote| ARAD} oM 7= 2HE

EAH AYHe ol43ty vAY WANF A= 51
ol A 7} Be MG AMF FA=E e A 23
& 23 ex 20C, 2% o8 2mTorr, 3% A3t 8 W/
em*Z A4 H4i ¢ 2o 2 FEg wete] XRD A
& Fig. 79 Jeldiget. low-angle XRDAFA B-Ta
peaks 9H& BFsgom bec-Ta?) peakS A3 HiA=
2| eksrcl, #& wiHEg e bee-Ta g A7) 18
X 252 N, & 2% Arishe 4% Ay dayot
o wa} ARSI FvkEe] f-Ta (teragonal a=10.
194, ¢=5.313) ol A bee-Ta (a=3.3058) &2 A&
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Ta ¥ete] 23 Age] 1.3 W/em?oll4 8§ W/em*ZE &
VE4E FAEEE 789, AP 10~20uQ
mAL Z2de A% BAck £ AY 2104 Ta o
2to] wHFL 1756~210u2m o] WHE 713} dAF
o] FUdEE 5% ¢4Yo] 2mTorral A 7H% AL
& Bgch £ AY 26 dAlEE ~05 =9 ghe
Byeony 2L g% & RAE ehuigich Ay Al
=& sje} &17] % model? fitness& A £ 43¢ ¥
3 R-sq.2 Yehlisied 2 3 i 4534 o
% (pooling) & AAI5H#] %42 model2} R-sq. 82 0.85
~094ch. £ Ayl A4 A 22 F3 ¢y
2mTorr, 3% AY 8W/cm?, 3 €% 20Cqey, &
2238 e 2348 et f-Ta (tetragonal, = ~180u
£cm, Rs uniformity=~2%) 2 AYYe =27l 100~
200A o) X & el
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