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Abstract

Thin film layers with different properties and thickness are deposited
on substrates for fabricating the semiconductor components. Tungsten
material is usually as a plug for IC fabrication and Chemical Mechanical
Polishing (CMP) is widely applied in the semiconductor process for
global planarization, but material property and residual stress state are
significantly affected by CMP process. This research is to estimate the
residual stress of tungsten thin film deposited on the silicon wafer and
investigate the effect induced by CMP. The Grazing Incidence X-Ray
Diffraction (GIXRD) method is used in the research to measure the
residual stress from CMP and electrochemical polishing (ECP)
experiments. Residual stress is calculated by a developed method by
Labview program and compared that with that by the PANalytical X'Pert
Stress software and results are very similar in both methods. Residual
stress distribution measurement results after CMP experiment are tensile
and decreasing gradually. The transition zone reveals the chemical
oxidization layer interacted by the subsurface damage scratched by
abrasive machining during CMP process. Results from ECP experiments
reveal the chemical oxidization layer and the subsurface residual stress
distribution affected during ECP process. From the residual stress
distribution curves of W-films by CMP and ECP, the residual stress
induced by CMP process can be obtained. Finally a regression model i1s
obtained to provide the estimation of residual stress due to the variation
parameters of CMP process. Results of this research for tungsten thin film
can be further used as a reference in the CMP process to achieve desired

parameters of metal thin films.

Keyword: Tungsten thin film, GIXRD, Residual Stress, CMP
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P&k # {o E oend I F > {7 31 Radial Stress 22 Angular Stress £ Von



Mises Stress 734 1% 4v Fig.2-2 #1755 o
(c)4p ¥t#& B (Relative Velocity)

2004 & Lin[9]02 3 A~ & 2 237 P BRI LF A SHFF 2 Von
Mises Stress 4 'haiﬂj o fiE A ATHCAIPE o WP Sy FlEE ek i 2

BFcrfp ¥ R enBl 7 &1 5 ¢
V=V_-V (2-3)

TPk pEAp ¥ TR S B g Bk H ik 2 £ 4o Fig2-3

B BB Emt A a s L4 o4
(a)£=f8 » +7 2 % # & $7(Pad Asperity Contact Model)

2004 & Seok F A [10] A dg H ek HHH ",f Z #- 4] (MRR for
CMP) > P g do [F1 & 3 Wafer Flexibility £ Edge Effects crsc g >

- Sr Rty “f 2% o Fig.2-4 B & »uaveiET & (An Equivalent
Rough Surface)£? £ i ey ] % & 3% f§ (Asperity Contact) i} °

(b)Abrasion and Chemical Model

1999 & Larsen % A [11]F7 7 BAl3gk b it B 846k ¢ 45 £
BRSBTS SRR L 2 R R
(DFe %R+ B AR ¢ ()7 7 B ande k0% | (i) ek
EEPE S RS “f A o % e Bayekipd 73
o R R R R Y ",‘f P g iz e
(c)Tribological Model

1994 # Runnels[12]# & - 2 /& # & 32 % (Fluid Dynamics
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Model) > #£ 33 7% %8 - #] %8 - /% #8 & fF % 4L(Solid-Liquid-Solid Contact
System) » H fis 4 A 5 22 4 T frend b de Fig.2-5 947 o o % 42 ¢
K L (PR RE A GRS H > A2 G kF s (i) [ Ak
R i I R S T ECE R RN s S = IS Sk SRR

C #2:k # g 5 (Pad Deformation)

1993 # Yu F A [I3]#f I 5 # -k F e R 5 5L 5
(Statistical Asperity)£? i Fl % & cd&ff 77 > BRI H & o fo R
A R AT SRR LS B LR

IR 87508 5 M 1 o

1993 # Runnels - Renteln[8]4% 7! Axisymmetric Model 3+ & 1192

XH A h FIFEERY > Fli A2 24 %7)(Pad Deformation) > ¥+ 8 [fl+
FHrE R PP BRIER L AR ES bhflEdLdz @ o
Bif s (i)Fe sk AR (i) & v A7 Bk i g o Flt HARL A R

v

NF T ILAT A
MRR =K xPxo (2-4)

H+¢ MRR 5 & [Fl#% & ﬁ?ﬁﬁﬂﬁ%'ﬂfi‘ P S EY A RFEA G OE R
*’séﬁﬁiﬁiﬁ@@J’Kéﬁﬂﬁﬁ°%%ﬁﬁ’@4ﬁﬁ

R R BT ih o

B
D 45 it K cnd = 2 B2 58 (Passivation Layer)

1991 & Kaufman % A [14]F 5 & CMP ¢ %47 » & 4 5
2 45 i & (Passivation Layer) & /42 cnn2 &S24l 0% » g4 1 g 2 &

_
K gpePen? 2 VERARE Bisz 2 3P A i a s

=5

11



%'JE'J{%%‘F’ Bk 2 R4 (T D ﬁ:m;:-‘ieo

2003 # Gan[l5]# % WRAA TPz A2 (5 BBRL G T
RHA TS ol et 2 Bie i SRk L G 4 2 2
SIC fr SIN & f844 i+ Ayt df > {17 & 5 83 F A0 478 1 K
AT RS e R d e Fig-6 407 0 25§ AT KR
TR O EE PR s ABT e

E =X % % A 3% (Sub-Surface Damage)

2004 # Haapalinna & A [16]# 7 1 #; B(Grinding) s~ 3% $# &
FIAE 7 HR A % o J TP 5 et 4 67 ap RIS S A5 AT
CRMBHAL LA ) AR AR LR AL
Polycrystalline Zone~Fracture Zone~ Transition Zone -~ Elastically Strained

Zone B F|H AL 284e Fig.2-7 #57 o

2007 & Ring % * [17]#7 1 ¥ Interlayer Dielectric(ILD)fr 4% £
(Copper)™ #87 fo #idit 7 it F Pk » R £ o gl 2 5 2
1t M g3k (Ductile Fracture)fes (8 3% (Brittle Fracture)#$ |4 Fig.2-8
Aron oo il 1Y B ek 2 {8 2% ILD 14L& 2 Surface Flaking J %
@ 4% £ P A 4 Rolling Indenter {- Plastic Plow Lines 14 3R % 4o

Fig.2-9 #5 7% o

2007 # Shen % A [18]#7 7 4rie ¥ $|4g % /F % & (Supersmooth
Surface) ¥ ® iy’ "’T‘ Fl4e 1 #7id A e £ oo B 0 R AR 2 4o Fig2-10
T MR R Pk et SV T R A “’T"Pﬁfﬁﬁ_ﬁﬁi%\iéi:ﬁ
%ﬁﬁ@’%TkU%%@mmgﬁiﬁﬁﬂﬁ%’ﬂﬁﬂﬁﬁﬁﬁ

# # T & > % i Bowl-Feed Polishing = 3% -4 6 12 T » 18 $4g & f

12



Fotgps

2006 & 4T E A[I9]4F 4 T 1 B 4o 1w T LBk
(Electrochemical Polishing) /3t % f&4v 1 ch— fa4r 1 A) 5 o § 5 4v -
G F R RERTUEBTIER AR BAYFLF LB R R
TR BT B LA RF I A g BHE  d 0t
BB RED G X TR R G Y ER G  FI ARG

3
l%?ﬁ_}éﬁl ‘_;&T;\*)’H"J4Cl}‘@_;’l ;%ﬁ.)ﬁ‘%% . }—g‘i \4Cljl{§:}§é7\,-ﬁ;—\%a;'é

Juk

2003 # Kao % A [20]4]* % F#3234 (Grey Relational Analysis) 4
+5 3 B4 (B16L) P T C ek v A LRI 0 Bth
hoERER Eebel A G o PHEITLEPRELDTF)E ZEAECTRS

RN RR T fER I ES

l’ﬂ
4

-

B B 28 2% 4o Fig 2-11 #77 o

2001 & Teh & % [21]F1 % T 1 B Pk = N 4H4p F e 730k 5
ZhAROEF2ZTHPREEEIRTRES R THEEAFM £

Bl % G e kR e Fig.2-12 #557 o
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o

Radial Stress (psi)

o

b stress (psi)

-3

-1

Mormalized wafer diameter

Fig.2-2 it & iHRie kR 4 A (5 [8]

pad

Fig.2-3 &3k 4p 414 3¢ [9]
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Probability distribution
function of asperity heights

Mean plane of the

asperity heights

Volumetric Mean plane of
surface before deformation

¥

Volumetric Mean plane of
surface after deformation

Fig.2-4 B3 ~ fo 122 Pk S g B 72[10]
o6 AL AL f 5 R 1]

Removal rates for CVD tungsten, laboratory polisher

Medium Removal rate

o
A/min mm’/Nm

Commercial slurry, chemicals +particles 4000 10.44%x 1077
Slurry liquads (no particles) 350 0.91x1077
De-ionized water + particles 400 1.04X1073
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e ..‘ .
“22a., |Unpassivated

-60 ' ' : . S
0 500 1000 1500 2000 2500
time (min)
Fig.2-6 44 i R 417 F 4 b T [15]
Wafer Surface
Wafer Sub-surface Layers
= |. Polycrystalline Zone
( } T I Fracture Zone
= : _. -
= Teire
3 [T 1lI: Transition Zone
° :
1]
E
1]
o
3
L “%=< |V: Elastically
= Strained Zone
o
=
@
=t——_ /. Bulk Material




Hertzian Stress, siﬁl;b

——— = — i i

O cagidual “‘_ == : —_." T resicual

. Semi-circular crack

"‘,C

Fig2-8 HHlp S8 REAT & 7 LR7)

Copper ILD  Copper ILD Silica ILD

s T —

2) Plastic Plow Damage " ) Brittle Fracture Damage
Fig.2-9 i s 4de sk (54t P 22op 4 Bk T & BI[17]
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- I:>
CMP

Roughness
Surface

Chemical
Etching

Super Smooth
Surface

-

Bowl-Feed
Polishing

Fig.2-10 i =% % & #Lifor 2 R[18]

Workpiece
Voltage meter
® |

Current meter | —

Electrolyte cup| — =

Reference electrode

/ Thermometer

arl

—

/o o\

Span heater

Fig2-11 T it 5§k 5 % 2 % [19]
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Flatten

lmnl Instrasents Manokoope
100 g

1.001 Bz
Maaer a: wap| e =
lmape Data Hii gt
Bats scals 50,00

Digltal Insiruwents HanoSoope
Sown slze 1. OO0 o
Zoan rate L.001 W
Musber of sanples 56
L] Helaht
Bats scale 50,00 ne

Flatten

Ill‘dil Inatrusents ManoToope

Zean i.000 pu
Sean vate 1,001 Ha
of sanples £
lmage Bata He iuhi
Bata seals 50,00 nm

(c)

Fig2-12 & “BPs% 3 b PR L 6 dekk B % % [21]

2.3 EhwFek2 T R A

N

R A ek AT AR TRA EWI AT R
(org) » — 457 11T N4 1 [22,23] :

Ops =0, +0; + 0y (2-5)
# ¥ o & WP & (Intrinsic Stress) > H kiRt 3 o ke B2 510
NETE g fak ke Fig.2-13 97 o op & & %% & 4 (Extrinsic

Stress) » K p EWEH T H T2 B argFFa5 0 blacilst 2 40k 5
¢ 1% %~ #c(Lattice Parameter) 4 Fig.2-14 #7577 o oty 4_d A EA27
BRACEATAL DEARS LR RBET RS RL ORE

% #c(Thermal Expansion Coefficient):Z £ 4 Fig.2-15 #7575 o
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Ec EARY R R R R R Rk FIERE AH
RBOSIR A o o Ed BURERIME S B AH R R
Aom oA SN I g BN E R B H A LR R4 (Tensile Stress)
R 45 # (Compressive Stress)4e Fig.2-16 #777 ©

BRSO ek g BRI R R A G
RS e kR FenT o § SRR R R R A sk
Boee R B AR N B AR € T F ek e R R TR
T2 AR R B e Fig2-17 917 > § 8 B R R g e
¢ d *’?ﬁi'lﬁi“ BB L EF RINRAF L R R R TFILE

-~

FHEE D B A G R T S ATRS AL Fh
oA i i WA S lcen L B> H R4 4 & (Stress Distribution) ¢ & ¥
FEEREH D 3 ARt FHARTRG A HES BR
(Stress-Gradients)4% % & ¥ 4 Fig.2-18 #1751 o

A HRPERSZIRA LA F - B2 ERL G E
TRABET G * ERZZHERIFRERTAR? E - HEPRER

A AR A A A f8> ;2 i@ * 4]k i# (Layer Removal) » —

% =
- K ARSE AR BRE - Kt B BB RN AR D
fod AT #R[24,25] -
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Atom -~ Particle

‘!"\/’o/'

Fig2-13 % b 3 * £ 5 4p i

-

Fig.2-14 e 442 B2 Fend 0§ &

Fig2-15 #EE G B2 88 T R4
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Tensile Compressive

d||>do>dl dH<d0<dL
8||>0>8J_ 8||<0<81-

Fig.2-16 &4 ¥ & B 457 X W[23]

Asperity Deformation
by Interactions

N Rigid Flat Surface

d(z)
Gaussian Height Distribution

(&AM E)

Real Contact Area
of one summits (A,;)

One Abrasive Cont;
Area t(Xy,) 14

2a.%

Fig.2-17 B34 iv® 212 4 7 3 B[6]
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Stress Gradient Distribution

Fig2-18 WA b+ 5 4 G
24 HWAT R BRI PR

241 Y B ERG 2

A P

i

1909 # Stoney[27]4% ! & B3+ & E WK 4 77 V4o Fig2-19 #7

oo gt 2 {8 BT AT i 4 Rl E SR 4F 02 Stoney 07 2

o EorE BN R AE HEWN S R FEE o

\\

¥ 5 (o vs.1/R) B % 77 Stoney’s Equation > 4 TR

E, dl {__ 1} (2-6)

“6(1-v)d, \R R
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AP A AREPER & EE RS R B A 0 2 T di(Young’s
Modulus) ~ v & &4 PjF+> = vt (Poisson’s ratio) ~ R & X i 4 15 §* 4

2002 # Vrinceanu = Danyluk §|#* £ & CCD #3& 5 %355 A 2
chd it B 8 258 [28]4e Fig.2-20 £ 1% i o 15 45 chd &
gl M e F TG b0 % L E A G ok R S AR
Fo BEET L2 BPARFHER Y EKFE R4 TR
BT EATES B

O ang (2-7)

P
oS
e
kT
e
\a;
Ak
N
NN
=k
o
RS

LFHIEROTIE S kRO ER L o

A

1996 # Kusaka & % [29]4]* &2 7 &8 & HA TR T o

o BGESZ ERIORIZZ LA HMPA Hho B2 10 EFIERR

E(d-d
v d,

o=-

*) (2-8)

i\lt’ E ’fL"D {E“ig‘ﬁ’f?”@| ﬁi’f?,ﬁ"‘ﬂ}'\‘\bb ’do'f‘—"d 'L‘T\BB’}%% 3_3_

%;E\BB*%'J"J‘°1}L—;’?‘§T ?lﬁq" l}i— Q:;—BB'r}m*ju}iP °
242 B* GIXRD BB #FwA T R4
A M3 & ¥52 (GIXRD)
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2004 & Welzel % 4 [301F § % & S HEWPBRILT 2 A T b
4o A7 o A1 M & SE5E P % (Very Thin Surface-Adjacent
Layers)z ¥ &+ > 7 W3t @ en X-Ray &4 €82 > GIXRD & B/
WA TR PF o X-Ray M- BHEE] x5 & R (a Very Small
Incidence Angle, ®) &+ > EWp Rl & e T2 > FEFEFPIBE LT F
Fd B PR 0 58 S e B 0 e Fig2-22 5T o

GIXRD & Bl § 4 i gheT™ !

(a)’] & B » 843 4] X-Ray 7 5% R - 7 * k& 7= % 5 (Sub-Surface)
S TR A KRR o F A E S £ dp(Overlap) - A42pF > ¥ U
B AR SR I RS e 3

(b)FEEAEZ Fenr b & B > F &P ER R =0 & 5 (Subsurface)

RGBS x| 2R -
B X-Ray 45+ 12
X-Ray $E5472 35 £ 4395 # £ 42 #73%  eh3Est 03] » 4o Fig.2-23 #7
7 % X-Ray » SR fHipp 30 gARRSF Ta k& § RS
T BEES d PF o APAST G chr Bk R Seh X-Ray 0 BT € 4P
£ 2dsinf> 27 0 5 X-Ray eror 5 & o
BORARL LR SRR PR A AR B B A g A 2 a2
e i o i X-Ray 4R M5H 4c o 7 T4 » 5+ X-Ray /% &5 £q.2.9
* 3t % = (Bragg’s Law) 0 € § MR G A4 o d 2RI T o FEEd

G LT R S

nA =2d xsin(6) (2-9)
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C X-Ray 7 %55 & 2R R

% X-Ray d Tube & » 22 ¥ B> F15 X % € Hflenfc > £ T
SR R xR R hsh B 6 R § SRR B 4o @ R R o
Eq210 %3 X %eh5 B3 B % | 2R R 2 B ehbf %[31] :

I[=1,-e" (2-10)

He T &7 A do 8tk R G [0F > §HIEHR S X FnFT E B R
(Intensity) = /| » p & ¥ ¥ X-Ray s 4 w3 4z % #ie(Linear Absorption

Coefficient) °

% &7 A & (Penetration Depth)éf1~ -] D[23,30] > ¥ r2 g d 34 %
e e~ 5 & B (Incidence Angle) w > #2588k L& » P IRaER
(Information Depth) > 4e3' 7 -

sinw
Y7,

D= (2-11)

D & * GIXRD & B &% ¥k

2002 & Ma % 4 [32)F 5 § " & EW(TIN)AR 7 4 hiz 52 2
TR b AR B QT MMERE R LTI A & Strain-cos’osin’y
Bidnt > P EA TR B4 Fig2-24 #5% o

2008 # Chen fr Fu & A [33]:#-48 i (7 (v F s RPesk {5 |
Sln\|l R EEEYRTRA B BHEFE B E 2% Fig2-25 #7

Tr‘ ]
25 = )fk@*}&ﬁi&%—

ja A L §§?#E /737%&7 b /7U7f £ 24 aaam Fo ﬂb7f g AR E’:”?—A;
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ALRG RS o I FREREERGE TSR R
BenFZ s (%% > d Preston Equation i74v > &3 T B4 S ip
BPE T OUH A A “,f EE A R “fﬂ* IR BHEERS EFE
FARL TR A G BRERT R TR LT E Pk N
A G 0 AR EAY B R Y s R RA T R
7 G 1 F 0 EY Min & a2 (GIXRD)AE » & R > 7

-F
3; ou)vd

i

N

UERERERS AT PRI N A RT R PRELS G DR
Lo it By R B e X AT (AR R F R
%’é%%%“,ff‘mﬂpm#&%m; e A “fﬁﬁ“ AEgA 4 R TR
PRt s kv 15 GIXRD RS £ 5 A T R

A

PR A TR T2 R ST R4 LAp S iE H R

R
’ dr

Substrate

Fig.2-19 # 2 [27]
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Light
source

Computer

Micrometer

cell

M-ray tube

specimen

detector axis

detector

Fig.2-21 642

Fig.2-22 # 2 &
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Slits . ) Detector

X-ray Tube v "

Substrate

Fig.2-23 GIXRD # %,

To Detector

Sample
‘Surface

X-ray
Source

-0.005 - -

00 01 02 03 04 05
cos’a sin’y

Fig.2-24 Ju* 30 & 45472 € i) TIN[32]
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Epsilon {ppm)

6
1000 5 -0
e . . P
500 P o &=3428.55 sinpsi - 1371.37
. B
s ; P * Residual stress prior CMP process
2 ;
el 1086.14105.2MPa
0o 0.1 02 03 0.4 0.5 06 0.7 08
sin2 (Psi)
Peak Omega Psi | Pl | Peak pos. Akl dspacmg | 4 | €
No. () () () (2Theta) = @ PP gom)

1 1 19.17 = 180 40332 1 1 0 22343 0108 835
2 1 2818 180 | 583502 2 0 0O 157994 0223 878
3 1 3563 | 180 | 732642 (2 1 1 1.29099 | 0.339 -126
4 1 4253 | 180 87061 2 2 0O 111842 0457 222
5 1 4933 180 1006546 | 3 1 0 1.00077 (0575 G653
6 1 56045 180 1148046 2 2 2 091387 | 0.695 974

Fig.2-25 J&* i & 68472 £ P Tungsten[33]

30



FZ® BERTRES ERALH

AR & LER* GIXRD #3075 S CVD & @7 g
Bl > WP GIXRD BRIA TR = 288 F R4 BhHONNh g
% LabView7.0 #cf8 SmiB 2t - E AT RS & 2REWE e
A B T Gt R

3.1 EwwgEshe T B4 R

F1% GIXRD &7 $ebt A 4P > 5 L 28D B I 2 B4R 4 s 3
BOR R G S SRR 5 B e Fig3-1 2t [31, 33]

(1) The Specimen Reference Frame (S) @ S; 5 :# % Ak kst o H ¥ Sy
fh> e 5 LB F PTG g2 R o Sy dhde Sy dhA W] 5 T AR

(2) The Laboratory Reference Frame (L) @ L; & ¥68¢ A 4% % 3t o H ¢ L;
= A (hkD)T & chi2 83 % o 82 Sydhd y & B o

=+ T g e d (d-spacing).5d X-Ray P &{s > i+ T 5 (hkl)eh
FOSs o e Ly b 8T A S

d, —d,

(1), =22 3-1
W =7 (3-1)

HPe dyg 5 ARZREA KEFad~-4oT 5 FEE -

G-Dit%75 LAk ant e 27 Ly N3 ERLER

(Tensor Transformation)1=> j# » &3 5] S; A& % 5t ¢

(¢33 )W = A3, 43161 (3-2)
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H P oag ~ay s EiErd

cosgcosly singcosy —siny

a; =| —sing cos @ 0 (33)
cos@gsiny singsiny  cosy
FOLE D R E A PR R i o AT
(&l )W = &,,c08” ¢sin’ y + &, sin 2¢sin’ i
+&,, sin” gsin’ y + &,, cos’ y (3-4)
+&15 COS PSIn 2y + &£,, sin Psin 2
RE/ S =
0 =Ciuén (3-5)
;,FIT v Cijkl ;ﬁ;,, S] fj;’]‘%wf- ,:‘i éf'uéﬁ'fi#’ ﬁ;t o
(3-5)" T e &
i = SO (3-6)

B3k L 5 & v (384 %8 (Isotropic Elastic Solid) » &% ¥ E~v el %

1+v 1%

# ¢ E % 4§ < ##ic(Elastic Constant) ~v & 4> = 1t (Poisson’s Ratio) e

TR G T T

32



sin”

dy, —dy 1+V{0'11c0s p+o0, sm2¢}

d, E |+o,sin’¢-o,,

v, — Lo, +0p+0y,)
E 33 E 11 22 33 (3_8)
+ 1+—V(O'13 COS@P — O, SIn ¢)sin 2p

ST R e R

o, o, 0

0;=|0, Op 0

(3-9)
0 0O O
FIL (3-8);8 7 it A
d¢l//—d0 14+v (711C0$2¢+O'125in2¢ .2
— sin” i
1%
—E(Guﬂ’zz)
A OERe B4 AT WwEBEFIN T K E(oy ~op &

Gy) ¥ 144 W] & Phi=0" ~ 45°fr 90"+ =& 7 £ B > {7
% =l (81> &8 &)de Fig.3-2 #77m > e pFa ¥ 0045 ) = iR SU2AT Y
E MALFE(S 2 Sy & Sk ] o
g =ssin’y+1,
g, =s,sin’w+1,
g =sysin’y + 1,

B R ugEt e NiFEE 5 L E
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Sy a, 4a;, 4a;| 0y

Sy | T b dyn Ay | Op (3-12)

S5 as; ds;y Az || Oy

A9 i ol T RS R

I+v I+v . I+v .

a, =Tcosz(0) , Q= z sin2(0), a,; = z sin”(0)
I+v I+v . I+v .,

as :TCOS 45), ay, = E sin2(45), a, :Tsm (45) (3-13)
l1+v _1+v I+v

:?cosz(%), a3 = sin2(90), a,, :Tsinz(%)

as,

3
<
(98]
o
>
T
A
K
e
&
P
=



321 REH%#HTEY

4

4 £ % (Tungsten) H J» 18 5% ’f# L3 H R LWH R
4#&31}&4‘,?%? N B ;);{_L «fr, g&t@;ﬁ;,ﬁ:«i S R he }%
* %8 = 3 ( Body-Centered Cubic Crystal Structure, BCC).% # » 4r
Fig.3-4 #7757 > fu 12 5 ¥[34 )40 AT o

AFE G P (¢ % engd & E B (Tungsten Thin Film)&_d SKW 2 &
# ik B F § 49 (Chemical Vapor Deposition, CVD)er= 3¢ »
% B #-E B 5 30nm 1§ it 45 (Titanium Nitride)* & & 2 600nm #5714
Bo it i 2 vew SRAM S > BHALE RS BHde Figd-5 #f
G0 g FAp g EARRAR LY A B Y > v Ad A AR
AN F B RMETI- BF RN ALV FF o R
B GL ¥ A f§ M)A SHEDE 3P > MHF b flie b o @8l

#7822 E AL AT P AT

(1)Silicon Wafer Substrate
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(a) 2inch diameter silicon wafer

(b) 1-0-0 orientation

(c) P-type >1 ohm cm
(2)Tungsten Thin Film

(a) #% it & : 300 nm

(b) TIN £ % : 30 nm

(c) Tungsten £ % 4% (CVD) : 600 nm+10%

Fig.3-4 4 & & 1 % 45 [34]

Tab3-1 4 & 5% 5 #c[34]

Crystallographic parameters

Crystal system: Cubic
a(A): 3.155
b (A): 3.155
c (A): 3.155
Alpha (°): 90
Beta (°): 90
Gamma (°): 90
Measured density: 19.32
Volume of cell: 314
Young’s Modulus (GPa) 405.59
Poisson’s Ratio 0.2806
Absorption [p(1/cm)] 3282.125
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Tungsten Film (600nm)

. TIN Film (30nm)
o S10, (300nm)

Silicon Water

Fig.3-5 4 CVD {53 ¥ 7 2. B
322 ERIKAHA

BB TR Y miMde & X-Ray 34 % (GIXRD) 5 X'Pert PRO
Diffractometer (PANalytical, The Netherlands) » d 1 % Bt 7 I £ B
?os ordE e Fig.3-6 #77 » 2 X-Ray £k 52 Cu-Ko (1.5405980 A) -
® % Fffche Tab 3-2 #7713 IR RE TN A B 5 45kV {40 mA - 20
Fd 2 27 d 0°0] 130° ¥ B EAF > St & R 2 UK TF o

ARAEEFERR > R BREEAT RS o A Ao s A

Fig.3-6 3 & it ik

37



GIXRD # 73K

Instrument PANalytical
Target Cu
Wavelength 1.5405980 A
Working Voltage 45 kV
Working Current 40 mA

e R P R R RER B ST RD R

L% gen s B 9 o BBl AR R 4e Fig3-7 “im o SR Y i

{7 GIXRD £ p|pF > 7 L #3# 2 H 2 A& §' &+ (Sample Holder) - X-Ray
d Tube » B5|3E 5 A 2 i 8 2 S o B3R B e B
W ] F (Detector) -7 Fr i 4 & F fF 4w > 0§ o 544 (Diffraction

Peak) » & Bl AR 40T Hron

(DR 8 T

Mgt e o ba o I LEAF Z g ko EEHL
Aot el mm cPfEHE > P i sr T X-Ray s B TE T T o o 18
Feng R0 5 ¥ 4o Fig.3-8 #7177 » 14 Line Focus ;% € 8] » X-ray
BotHiE P L hRB € F17 xStk A e Fig3-9 #r7 > 7 d

<5 R )
Irradiated length = h
sin(w) o

=

h: The height of the incident beam emerging from X-Ray tube. p %_
% 1.2 mm.; o : Incident Angle - F]p* § » & & B 5 1'FF > Rt B
£ % 68.57 mm- # * Divergence Slit & & & 5Smm PR & 5 4 5 342.82
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21 90° > $45 JE A 17 20 Frds £ RIS 4o Fig.3-10 #1om o 230K
TAo Fig3-11 #r7 » 2% ¢ &% b &% 6 (hkl) &7 4 868 b pF

B2yt REEFAHRI SR F T 6 B EE(d-Spacing) + /] ©
(3)X-Ray » 5t & & 31

d ¥ a7 %5 & (Intensity) 22 /7 & BEHL = F Vb el T2
B R EIRENEMAGREEAFEREAT RS B FABE
» P AR ()t ol o ERREEAD 0173 272 B > R 0.1 &
et o 5 (110)eh¥estih - &7 20 B30 hifds > 20 445 2 B9 36°%)
44° > S AT P B or B A BT PSSR B X ] o
(4)GIXRD £ i

FE AL A 4e Fig.3-12 #7577 > 7 F & = (Phi=0° ~ 45°4= 90°) >
ERIERE -
S)EWAT KA ©

REREE BEATR AN AW REFZ B2 B Phi &
BT Hfhe 5 G 4 (0 > Ousofr Oope) » B AR F I e A& T

A .@.«(011 012 ‘f‘—" 022) °
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Tungsten Specimens

A\ 4

GIXRD Calibration

\4 A\ 4

20 Scan Incidence Intensity

Penetration Depth

v

Measurement Position

l

Diffraction Results

l

Residual Stress Estimation

A\ 4

Results and Discussion

Fig3-7 & * GIXRD £ #IA& T 4 mfz
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Fig.3-8 3% E£pl ¥ %1

X-Ray
Incident Angle

Irradiated length

Fig.3-9 Line Focus X-Ray P& & ¥ 3
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Detector

Fig.3-10 3 & ¢ £ ] 0° ~ 45°4r 90°ch s % &
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g Mhels = 36 0000 e g
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= 140 nen :
e Q00 pm _ﬂwn |—|m Step i [ { uoa:n.
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= [ Gorameter PR IS0ES Theta/2Theta] L
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& Cunvent = &) i
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&3 Focus = Lire oom
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Fig.3-11 20 # 45 #4255 3% 2
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Fle Edt Wisw Msasurs Instrument Tools  Lser Settings System Settings  System Mantenance  Window  Help -8 X
=
NESW|S @l > P|e J@%%ll’?l
;
i~ Configuration Scan axi
Insttument Setings | Incident Beam Optis | Diffiacted Beam Dptics | Comment...
. 2Theta =2
Thin Film Stress =
[SE W Diffractometer Settings
E‘ Fﬂ Fasitions = - Other gonio angls
i+ # 2Theta = 36.0000" (i G2 (0 Uz vl ettt Scan Table...
2. Offset = -16.5000" Omega il
#%. Omega = 1.0000° € Dffset (] I— Scan table customized
3% Phi= 00007 rTkamge———————————
B Psi=0.00° lﬁ i~ Scan mods S
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= i . E Eg o " Step 2 133,0200
B Y = i
L35 Z = 9200 mm M agimum Tik (7] [ 652 || & Continuous
- [FF Goniometer, FPAW3050/65 [Theta/2T hetal Masimum Sin2Ti I—U 5145 | | © Piesst counts
b.8% Resalution = High [0.0001°) a
=] ¥ Sample stage: MAD Cradle Mo, of Tilt-steps # Phi: I Range '] 3.9600
-8 Sample mode = Reflection
i N N 0.0400
3% Movemen! = not maving Phi steps SepsE(]
=- ? Yeray Mo, of Phi-steps: I q Time per step (5] 1.00
B 7 Generator MPRC - 3 o R
B can speed [*/s) X
3 ?talus DZE o [~ Current scan table
P ension =
i Pre-set It & 10000
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& oy tube: PW3373/10 Cu LFF DK159026 Number of steps 99 || 7 otaltime (s [oo102
=] § Shulter )
B Status = Open
@ Focus = Line focus =
3% Port= 1 "ﬁ Modify Scan Table Stress Program [TF Stress W 1019] w3
" L 2Theta [] | 2Theta [°) | 2Theta [*) |Mo. of Time per |Pre-set .
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1]-19.2375] 07028 00 320000 4235000  0.0500 EE] 1.00[ 1000 00:07:47)
2|-28.2625| 02242 0.0 56.0000[ §1.0500)  0.0500| 1o 1,00/ 10000 00:07:49)
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4|-427625| 04610 00| 850000 90.0500)  0.0500 1o 1.00f 10000 00 l@l
6|-49.2625| 05741 0.0 9e.0000[ 10305000 0.0500| o 1,00/ 10000 00:07:49|
6-56.4625| 063401 0.0] 1130000 116.8500]  0.0500] 77| 1.00] 10000/ 00:071: 25|
ok | Cancel Sart tsent | Delete | Hep |

Fig3-12 A ¢ 4 £
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(1)20 #55" #F 40 %

EAIE R A 3 BAE S S

s o

Fig.3-14 ~ Fig.3-15 #17%
76 i -3%3'1'/}»

0°~130°¢h
H ARl en

(2)X-Ray 7 & REFR ES%
@QF&EBAEE

% % 4e Fig.3-16 #171
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(D)7 HiER

nm i E o AETHERRRETEIFRDEZ L R F AT

o]

W T MRS T B ATt ant

W ——
=
2 3600 —
p=R
=
i
5
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1600
900 —
400 5
100 ~
0
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1 AR 1—©O
Fig.3-13 26 Scan % % ( Phi=0°)
o
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=
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z
=
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Fig.3-14 20 Scan i % (Phi=45°)
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ts) T

3600

Intensity (counts’

2500

1600 o

900 o

400 o

Fig.3-15 20 Scan % % (Phi=90°)

St 2 5 (Phi=0°)

Peak No. h k 1 Psi(°) 2-0pos.(°) (A) Intensity
1 1 1 0 19.18 40.3593 2.232980 3596.7
2 2 0 0 28.19 583845 1.579320 521.6
3 2 1 1 3564 722744 1.290830  248.8
4 2 2 0 4255 87.1011 1.118000  118.7
5 3 1 0 4932 100.6467 1.000830 93.4
6 2 2 2 5644 114.8807 0.913942 10.6

Yot 2 % (Phi=45°)

Peak No. h k 1 Psi(°) 2-0pos.(°)  (A) Intensity
1 1 1T 0 19.18 403667 2.232590 3628.6
2 2 0 0 28.19 583884 1.579220 5232
3 2 1 1 3564 732809 1.290730 281.5
4 2 2 0 4255 87.0917 1.118100 131.3
5 31 0 4933 100.6511 1.000800 100.8
6 2 2 2 5647 1149408 0.913636 9.1
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5455 % (phi=90°)

Peak No. h k 1 Psi(°) 2-6pos.(°) (A) Intensity
1 1 1 0 19.18 403614 2.232870 3727.6
2 2 0 0 28.19 583768 1.579510  550.9
3 2 1 1 3564 732802 1.290740  309.8
4 2 2 0 4254 87.0866 1.118150  132.7
5 3 1 0 49.33 100.6638 1.000710 103
6 2 2 2 5644 1148716 0.913988 11.6

3)

14400 —

Intensity (count

10000 —

5400 —

3600 —

1600

400

Fig3-16 2l » 5t & B2 T 5 % R Hh & 5%

‘?)‘%4—:—1-5 N2 hiEg 2%

PANalytical X’PRO = @ #13 & i 4 4 +7 # 48 (PANalytical
X'Pert Stress)¥ 11 #-GIXRD £ BB & EF L L G ERT RS B 5
THRBAATRANEE R AT LR AT RS DRGER 0

Labview St % B AN E AT R B> &7 W38 5% o 28 HhiEn
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A2 eI o™ Ao

(A5 S 7F 4

r2 LabView 7.0 #t 888 (725 §F B+ 35 5 4258 el » H 4750 g
#ﬂ&rFlg3 17 %557 > #2538 %tB B3P 4o
(a)#i » GIXRD £ P BE 7 L

# GIXRD = % F 2 2(Phi=0° ~ 45°fr 90°)#r & | 3| e2kL 3k
fEﬁ;}J)\ ’)‘L Ki%% \/E}‘n;:-;ﬁ J#§£de0-§r“,fﬁ—ChTT ,r_‘!:,F,
B B b d sin’y s S S BRE ¢ PE LRI IS ¢
(b)z* & Hphw B4 &

B2 o bty ERIEEE 0 ] T 3 2 (Least Square
Method) » #-4¢ 1 & sin’y-g B ff % S B F AL BB SR IIT 02

s %l,‘ y T:—l J“

(Fitting Line) > #3170 3 RA F L | % » CiFE H 2 15

N~
T3

[

FIA7 B> it Hhe g5 T R4 E(Single Stress) » 2 H1T i ek

P

% 55 %% 40 Fig.3-18 ~ Fig.3-19 ~ Fig.3-20 #177 o

(0T & &4 i

¥z BA D AT E T ﬁ‘fJ‘!Efﬁ;ﬁ?i"’m‘frE%ra')@-" v d

gl

4
Eq3 12 % EC]J 13 ﬁ‘:ﬁ—ﬂ;’x @)i%é ’ 4 %EE'J O11 >0 >0 = i T

m g B

4585.3 a, a, a;l| oy,
4445.6 |=|a,, a, ayl| O,
4581.3 a;, Ay, Ay || Oy

AR P TG F R 4 K ik (Bi-axial Stress State) 4 Fig.3-21 #777 o

QYT I 35 8% 23
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Input GIXRD Data

(sinzt// Vs. &)

\4

Least Square Method

l

Single- Stress

l

Matrix Operation

l

Plane Stress State

Fig.3-17 #2.3% S/ 42 ]

% = = GIXRD £ ip % %

Phi=0° Phi=45° Phi=90°
Peak No. sin?Psi ¢ (ppm) sin*Psi e (ppm) sin’Psi ¢ (ppm)
1 0.108 -1270 0.108 -1347 0.108 -1331
2 0.223 -1040 0.223 -1002 0.223 -931
3 0.339 -14 0.34 9 0.34 -92
4 0.457 86 0.457 271 0.457 209
5 0.575 942 0.575 1010 0.575 808
6 0.694 1285 0.695 1049 0.694 1325
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File Path phi={l de gree
gowrnsn, (&

3in 2ps Epsilon
i .
0
g

3in 2psi & Epsilon Grapth

Elop

Intercept

Single Stress (MPa)  Deviation
o
1l

Fig.3-18 sin®y-¢ ( g,

. =4585.3sin’ -1832.9)

File Path phi=45 degree

T A T -t 2in 2psi & Epsilon Grapth ps=45 degree
LCWTUSTY [ R
Sin 2psi Epsilon

Slop

Single Stres (MPa)  Dieviation

Fig.3-19 sin*y-¢ (&,

. 2
. =4445.6sin"y -1778.4)

File Path phi=90 degree
B CANTUSTY

Sin 2psi & Epsilon

3in 2psi & Epsilon Grapth phi=20 degree

] [ =
i

Single Stress(MPa)  Deviation

Fig.3-20 sin’y-¢ (&,

. =4581.3sin’y -1832.2)

50




hress 27
AN
A [T

Atress 12

e
T B
o0 456

v—J~ {—- Stress 11
gju

11451

Fig3-21 T o &g k4 Hk i

AT RS RAPE B

(MPa)
0° 1452.9+71.1
(o 45° 1408.6+82.9
90° 1451.7£37.7
C11 1451
GoTo C12 -43.6
02 1449.8

HRE/A T EEE LR

(Mpa)
LabView PANalytical X'Pert Residual Value
Goe 1452.9+71.1 1451.5£137.6 0.096 %
O4s0 1408.6+82.9 1407.5£160.7 0.078 %
Oogge 1451.7+37.7 1449.9+73.6 0.124 %
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Yr g RERARY

Tt BRI FEER TR DT 2R3 s ER %
LR T RS T R IR o AR &Y HEE Y
RP Bk (CMP)& & i 834 (ECP)F % & * GIXRD £ ]
PR GRA PHF UFRETEI - FB Ry bR TS R

£ GF S AR e
4.1 %R B AR
B B ARG e Figd-1 #177 o
()it F ek » RLA B F 5% > HP 40T !
Tl AT R B %
Bk P NAIENA TR A H L He k pE R (Time) Bk % o

e TR (BpHER HCVD BREY R T R EFERES
yok » B GIXRD BB 7 k@R 2 T2 R ERZAT RS &
F B Arde Figd-2 #77 o

T2 2P TRA foip i E R %

FEP DI ZRIEERY BRIk 8 ERIEECMP AT
B4 R & 4 s (Residual Stress Gradient Distribution, ocyp) ©

REED TR ot e Fyek > A K GIXRD
 EFAR B CVD EWRE T Bl RS A e AT
Bod BB A G A AL B B BinAzde Figd3 frm o (b8

W Yo kiE 2P o T R4 (Down Pressure, P)¥ 4p 4f & :# (Relative

52



Velocity, V) » ##1# “,’TT (t)EPFERT RS ¢ 7 o> opy & o 40

TR o
Q)T i gk

FoP DA EPIERES TV EPR2 (5 EREW ECP A Y

B4 R~ 4 s (Residual Stress Gradient Distribution, , orzr =0zcp) ©

?f“%‘f%’%é— f;é__,ﬁ}f&% e4e 1 5\ ,;t;z,_fé“ﬂg_‘gﬁl;lu?@ %*3#5«,715
¥ E I8 CMP § 4p e 5n#3 R B R 3 GIXRD » it & B

BRI ~ BEREY T LA ATRA AL TS RS FT 0 RE

% o W ECPARF A ¢ 7 0t Optr TR e
Q)FACE WP BT LB LRT R AL G

R P A E WYk T B W Rooap B orpr B

|52 % (Residual Stress Gradient Distribution, A ors=0cyp-0rer) ©
A ek AR R AR B R (=) 0 RS T
PPk ARF RS g2 '2% % 5- CMP # “,%E’Hifi%“ ¥R (o)
RERCECP B4 5 ARG A (o) 0 7 2E CMP AL S8R T

3 (Op)He AT o
(4% S i A b

i * Two-level F %K 2% T R4 (P)EApHE# (V) B2 %
i {71 4 17 (Regression Analysis) + 7 3] &% CMP & § g 4 % 1
(Aogs)E iP5
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CVD Thin Films

CMP

ECP

\4

Material Removal Measurement

(t=1)

'

Residual Stress Distribution

Measured by GIXRD

\ 4

l

l

Ocmp=0ft+Gpytoy,

OREF—OECP—0f1 0y

!

Ao rs=6cup-Orer=(05t0pyt6y)-(0/+ 61)=0py

l

Regression Model

(Aogs vs .CMP parameters)

Fig.4-1 & 5 im 2.
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Tungsten Specimens

'

Residual Stress

CVD Films Thickness and

Measurement

A 4

A\ 4

A\ 4

|

\4

CMP 30 sec

CMP 60 sec

CMP 90 sec

CMP 120 sec

'

CMP Films Thickness and

Residual Stress Measurement

A

4

Residual Stress vs. Polishing Time

Figd2 "SR LBETERA TR M 49 %
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Tungsten Specimens

\ 4

CMP ECP

l v

Removal Thickness GIXRD Measurement
' y
MRR Residual Stress Distribution
\4
SEM and AFM

v

CMP Residual Stress Distribution

Fig.4-3 i B ek & 3 it B F %
4.2 - Bk
(D)7 2% 83k <

FE 1 EREET MBS WL W2 W3~ W4 224 2 Yok ik
F TR 5 0.25 kg/om® # AP iE 5 50 rpm o $E SR Y A BlPek
30 sec ~ 60 sec ~ 90 sec ~ 120 sec °

W 2 RS B W5 W6 WO WI2 #3548 0 ek £k
X Hhe SR o
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(2)7¢ ki

Pk A & KRR 5 A #H A F2 R 5 4 (Suspensions) @ 4%
# pi % (Silica) ~ ¥ 1* 48(ALO;) ~ = F it # (Sioy) e B AL 3F k45 48
(Abrasive) » 12 % it ? e R A o AFHR Y ST EREE Y it
ECA R CRCRIR 7 v 10 wt% HyO, i s % 1Y & de Figd-4 9550 o if *
WA R T e B P kT e o Pk e FAe T

(a)3] & : W 2000 (BASF)

(b)pH & : 2.36

(C) BBk 2 T %+t Si0O, (50 nm)
(3)F% % &

YekBhi g kS EF S EmF ATt ESH A B a
R Rt e B AT RE A BT S A (AT e kA Figd-5 4
oo AP BRI P H A 2 R A4eT

(a)3] 5L © SC1345T (For Tungsten)
(b)H @ Ba A7 Ffia(PUIMR g
(c)® B : 49.7 Shore-D (ASTM2240)

(4)72 % 45

Pe k487 85 % PMS (Logitech Co. Ltd., UK)4r Fig.4-6 *t51 » & %
TREL P P e PR (ig) B ek BR R R R PRI R
Wik [{lA G f 9 DRI R FIFR S V4 L RN ESR
£ 3inch * [ e o 54 gE B2 bk X f 07 id 3300 ek
BEd A3 7E70rmpme 57 R FHREMLT BEBEEE ALK F AN
FEREARRSRER > MRTRRERT > F P RFLT R

57



Tab.d-1 v B ¥ Eaps ok 280k T

NO. W5 W6 w9  WI2
Pressure (Kg/em®)  0.05  0.05 025 0.25
Velocity (rpm) 10 50 10 50
Time (sec) 180 180 60 60
Flow Rate (mL/min) 35
Slurry Type W 2000
Pad Type SC1345T (For Tungsten)

Fig.4-4 43 % (W2000)
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Fig.4-6 PM5 #2348 (58 f 3+ %)
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3 R i-BPrk

RICFHLE AR Pk @S Pk LS 2 ENY
feeip B3 HBAEN s o v 2 WREABST AAKD L
4 A s ATE A

B AR Y RERDP DRI R L RREL B
WO QLR A T B T Rl AR o B AL S AR IR 1R T e 1Y
€#€Q’F%ﬂ?pk\a\$?ﬁ'&imx*"i‘gﬁmi@}ﬁm& /ﬁ—é\:ﬁ"‘?viﬁg'%@
BoFEd BT AR A AT UAETL R A G AR RRY AARR

TR R

% fai A @ * 0.05 M NaCl-~ 0.1 M Na,SOy ~ 5 wt% H,0, ~ & *
HPO, & pH @ ée#3rd] pH 4 4.0 3 £ 245 % B# * Jichan
ECW-5600 » 4r Fig.4-7 577 o 1 i % 3 87 S e 4272 4o Fig.4-8 #177 o

QT =&

122 kA5 5 ECW-5600 > abﬁﬂu LT R BET I KRBT
By 8 7R T hic Figd-9 o 3&%] IR RRY v MTERME
TR ElE RRMZTBECRPELBE TRGFEE REoTA A
SRR I20V B RBR 250 uV s B A ROR T2 A B RN
100 nA ~ B PFRF 8t 30 s »

60



Figd-8 € 1" #4243 s % &
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Fig4-9 B =ik

4.4 FWES B

(D)5 R £
A A E R E T BRIk R L B Yek s 0 RT/70 »
BAF AR RE SR PR D SRR AR AR P EAER

5®gk> HEPIER 2 =8 4o Figd-10 #7571 o

w BEER SR ORI & 0 K & A5 5 RT-70 4 Fig4-11 > 4 & * 3¢
EREBE2Z PRI Pk n S F L ERRERFTIEEF 2

g1 54 HE2 v @ISR E

C ond

t, =——7""— i
' 4532xR, (4-1)

"ﬂ ¢ tr :‘% Egi}‘%‘}i(cm) ’ Cond :“a : N ff‘ﬂt(uQ . cm) » Ra j‘% i{i _E’_va’_(Q) o
wBEIE AR R R ILEP hotie D SR o
(2)AFM £ 7|

AFM A]%. % Dimension 3100 > & * &z K £ < w4k o

62



ARER TR BWFSERAEY A > B E S fE AR5 3D
B N RS k4 Figd-12 o 8 4 (Probe) 2 7 5 B4R > BH AR
e ECERY SRS SRS QNS VAR ETRE S
Bl 5 120 mmx100 mm> X v Y $hfE+7 & 5 2~5nm>Z $hfEi7 R 5 0.05

nm~lnm- ¥ 3R% T H B SRR REYEFER

(3)SEM & i
SR e B EJE 15 1M St SEM BLEE B APk S (5 chf
SRR S E R e e kA TSt

FREL TR

FESEM 7|55 % JSM-6390LV OXFORD - 45 fie it & 4 47k 3# &
(EDS) » i§ * f2 f £ 5@ W E B PR % P A $74c Figd-13 - 3%
< B F A3 10X~100000X > FRE R R E LA 5 15nm> B A 10
Rl 4eid TR 0.5~30 KV f247 & 1.5nm > 3 % ¢ 5 # 8§ §) 70

-

nm

mmx50 mm o

Fig4-10 sk £pl %
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PR
| D L PR & L

LR E B F
FERFFE T &% FFERE

Fig.4-12 AFM (DI 3100) (1 % $ 62 7 F)
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Figd-13 33 5+ T + Bacst (2 8P H %)

BHESR G 2 RS T ER

A A PR T RER R Bq2-11 #7573 X-Ray » &
R ENNIFFEAT RS B Fi CVDENER L 600 nm >
P~ E Rd 01°F] 11° 7 2RS4 6 53nm F| 581.4nm 7 F

FROAGRS o BRRRER AR GRS G R
S R

AR g % Two-level § %3k 3+ % i 7 4 17 (Regression Analysis)
B354 AT AT BRSO A T RS R AT %KL R
## 31T & 4 (Down Pressure)fr4p ¥4 ## i# (Relative Velocity)= 78 $2 3 4
B SR VR ek B RS TR T 4 SR
2 S I D AR R Rl ek S e
Tab.4-1 #7171 o
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-

—+ o

2)F % %

% B ¥+ i 7T R 4 (Down Pressure) &7 4p ¥t # # (Relative
i 7]

FP 2 FF QKRB B HRRIE R A S L))o i i~

GERS FE FIS S \

G EFFHFHREF2ZPER

d £ RE %Y F3 B B R (Effects) » 4 ;

Effects)£? < 3 1% £ 3R (Interaction Effects)= 78 o

:)73 + _yl _yz

XlzJ_/;l_yx_l > )
WtV Y
Xzzyxz_yxzz 22 4 12 3
ANy - =
Xlezy;xz_)—};lxz:y12y4_y22y3

i?%%”igﬁi?ﬁﬁ?ﬁ%ﬁﬁhﬂi

¥ F A (Main

(4-1)

(4-2)

(4-3)

= £, +Z,lelm +Zﬂ21xlm +Z Zﬂllxlmxlm +hot.+¢, (4-4)

H ¢ m = Experiment or test index
1= input index

k = Total number of input
- Eq.4-4 14 ¥ 1500 M A N
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n=Xp+e (4-5)

H ¢ 1= Vector of all experimental trials at all levels

x = Matrix of all input level data, linear and higher order terms
B = Vector of model coefficients

¢ = Residual error

F R B B (X, Xo) R RS B g T

n =Y=Lot i Xi+:Xot 12X Xote (4-6)

H ¢ By=Mean
X;, X,=Main effects

X X>=Interaction effects
(4)ie i 407 4 4

@ FHCA] e TR BqdS B et NP E R A
4o 4-9 #1o

p=X"1 (4-7)

Ho _;Z:‘\—E_;E]J?;}:if I iaiE o

g _—

I

(5)#& % 7% &% £ & i (Residual Errors Distribution)

& {7 3% £ ¥ % (Error Diagnosis) ¢ 7% i& 3£ % (Residual Error)Z_ 3+ &

4o T
e=n-Xp (4-8)

(6)% 2 #c~ 17 (Analysis of Variance, ANOVA)
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ANOVA M #cBE 38 22 L2255 - 2473 T gk p
HERR&kLIE kL€ 0 52 50 UT 2 {o(Sum of Square) 5 A
WoFE2FF 2ORE ARG 0 3 E S 4T

SSTol‘al = SSP + SSV + SSPV + SSError (4'9)
H ¢SS 7.=Total sums of squares

SS p=Factor A sums of squares

SS ;=Factor B sums of squares

SS py=Interaction of factor A and B sums of squares
SS g =Error sums of squares

ANOVA # ety 2 4R o
UIETTE T TN

FoRDTREA T DL ERHRT R F OB LR A F

%m%ﬂ”*ﬁwaﬁﬁﬁ“@*?%ﬁ’%ﬁﬂ%ﬂﬁﬁiﬂ’“

HIPPEEFHREZ LB F D ﬁ AEg ] & 5 P EPTERE A
A -
T %S sk
Low level (-1) High level (+1)
P Down Pressure (kg/cm®) 0.05 0.25

Velocity (rpm) 10 50
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-’? '%E _E J‘z Zﬂ:\’
Factors and Interaction Data
NO. P \Y PxV Average
W5 -1 -1 +1 v,
W9 +1 -1 -1 v,
W6 -1 +1 -1 Vs
wi2  +1 +1 +1 V.
KR 2 TE A
Source SS d.o.f. MS Fy F..
Contrast, MS
P —r SS L Fuonsa
2*n ’ MS, (1.20-3.0)
2
% Com‘;’asz‘V SSy MS,,
2%n MS,
PV Contiz’astlf\, SSpy MS,y,
2%n MS,
Error SSk (2°xn)-3  SSg /(2% xn)
Total Y3 (v, -3 (2°xn)

*n = replicates, m=2"
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¥IF FHREFES

AR EH PR AT B0 RS B3 RS ST %
BEORBHESFES Lo R AT R PRS G
BB BRI HE ERYAT RS R PSR SRR R

FAites o
5.1 B FBwirLTraitn
511 " EP PR RFaIATRI M ATRE S

8RR Bl WL s W2 s W3 fr We 2 2be 3 od & 4 B
TRA el EEE 2 FREFERF > EB = B F S (Phi=0°~45° ~
90°)enE B B AR F 4 %A ST

BT PR TR BB S 4o Figh5-1 #7175 o d &
ReGngh  FPEPFFALEO0F2 18 mF /A ] Tk

iT 2407.63 MPa » B $ok PF A § 4 0B P 12 o

H

PR ERERT KA DEPE

(MPa)
Time (sec) 0 30 60 90 120
Thickness (nm) 599.43 565.65 400.15 357.63 280.25
Ooe 145291 2007.1 2289.32 24183 2403
0450 1408.65 1984.4 2329.85 2369.9 24414
O90° 1451.67 2152.4 2277.14 2363.4 2378.5

Average 1437.74 2047.97 2298.77 2383.87 2407.63
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2400 | ; .
~ /_
s K
= 2200 : —— Stress 0 D
\2'/ —=— Stress 45D
» 2000 —&— Stress 90D
5 K- Averge
£ 1800
< 1600
o
‘71400
A |
1200 :
1000 :
0 20 40 60 80 100 120

Time (sec)
Fig.5-1 7 ek pr@ A § R4 asg it

512 BT RA frip BRI RS %

8 E R N Bl WS S W6 - W9 fr WI2 £ 3w & > 247 b e
Yok SR B i F ek 2 {5 4e Fig 52 #6m o S HA R B %~ 46
FRER AT FRASTEPRERT A DR UEL S 5L
BES A T AP o
(DH A % 5 %

W BLIEAGREEREN AR AR R ER R F T TIEE
G R R . . fe BER
PALA E e R T R SR SR A e @ e o
Q)% » fekER RS 5

A e de ok SRR 0 oGk 0 o) 5 d AFM 2% %
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CVD §FmzE s 4 5 T ook A e (4o Fig.5-3 > S8 7 b St &
Wrkpe k2 158 £ 5 T iofe Rk R A G 40 Fig.5-4 ~ Fig.5-5 ~ Fig.5-6

% Fig.5-7 #7% o
BV G Bt R A T

CVD #3277 fo Posk Sodic™ it B Pesk (s » TR 7
B A G 5d GIXRD £ Bl#dbdcit s E g o AT 4 B RS 6
WA K e Fig.5-8 #1or > o AT A s TREE B R M Ao @ R
st o Fig.5-9 #757 [36]4F HE R R L ) L F LR GE T @
ﬁﬁ%&%a%ﬁ%ﬁ%%ﬁ&éWmM%’EKQECMRﬁ%i

BE ARG RS EERIE L] K5 45 B KRR L] o

BlP 23 5iFEd s> 1 5L CVD B adeks o & 0
L AR L = S L ik G R M
BT 4E N RA G R oS FEY R RESHETLAGAT
J&+* 55 &+ (Tensile Stress)cryk ik » @ 2 S F 7R &R s sem L 0 &

PRk 8 dERT Y DHFRAGY ARG G A D .
DFR AL G REPREF2ZTH

FE S SE T F Rk A e R RERT RS DA
A2 gt x5d GIXRDERS*H B HFALTD 017317 TiF

Bite g™ 53 nmm | 532 nm et £ R Hcdy e R
e

“EGERCVD A T R4 (oo * W12 (P=0.25 kg/cm® ~ V=50 rpm)

EWCMP & TR (aup) BB A T d RA B itdhicr™ -

(@F »5 & A2 01°%2 02" FR x4 % 10.6 nm > CVD & 53g 2
GIXRD ## %5 & % 4o Fig.5-10 ~ Fig.5-11 #751 » ¥k {8 enfEogsd ¥ H
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N

Ye54 4 25 (Diffraction Peak)#g f7 b B Flm 44 2 = B4 4 Fig.5-12 ~
Fig.5-13 %757 » B3 ER T RS <] o F ~8F& 4 03°2 04°8F
T FoG iFR R 10.6 nm~21.3 nm > CVD & 5538 5 Sebd i A5 4 15 4o
Fig.5-14 ~ Fig.5-15 #7175 » % (* E WP S A0 F 2 A Y
Jet BiPl% %4 Fig.5-16 ~ Fig.5-17 #f7% » SR BIR TR A G
PO ool N ERE T BB Rk e 3 F T
B g aip 3 v - B GIXRD ERIA T B4 A 8% 7 &
R L5 RH R o & oo

(b)§ » #F & 4236 0.5 =< % 6 F & 426 21.3 nm> GIXRD £ 7] % % 4o
Fig.5-18 ~ Fig.5-19 #75% » 5 d GIXRD £ Bl % » $esfk ) = & »

—

ERTR EREFER S EFFRDH en TRRARE o

W12 &g P gsg it £k & > d GIXRD & Bl %40
Fig.5-20 #17% » &35 CMP 2 {8 #1414 ‘f’%—ﬁi % 199.28 nm ’ =% %
Hod PR AN Bt Fiv 4 g b R R D B
SR AR R A 4 = 4 % Bk (Subsurface Damage) © % F & 4 7 ®
(Transition Zone).%) 21.3 nm- ;% & 42:F 21.3nm 3 & F & # % (Residual
Stress Zone) & 5% B A A % 14 o1 & Bl4e Fig.5-21 #7071 > # 00k

% 4 24 5L GIXRD £ g % o

Fig.5-2 1t 8 f ek 52 & F)
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W5 #8557 2Rl &

Thickness before CMP
No 1 2 3 4 5
R (mQ) 1143 11.39 1145 1146 11.38
Thickness (nm) 593.23 595.32 5922 591.68 595.84
Average (nm) 593.65
Thickness after CMP
No 1 2 3 4 5
R (mQ) 12.14 12.05 12.08 1224 12.18
Thickness (nm) 558.54 562.71 561.31 553.98 556.71
Average (nm) 558.65
MRR (nm/min) 11.67

W6 #4145 57 £ Rl %

Thickness before CMP

No 1 2 3 4 5
R(mQ) 11.22 11.13 11.17 11.2 113
Thickness (nm) 604.34 609.22 607.04 605.42 600.06
Average (nm) 605.22
Thickness after CMP
No 1 2 3 4 5
R(mQ) 16.27 154 16.42 17.1 16.37
Thickness (nm) 416.76 440.3 412.95 396.53 414.21
Average (nm) 416.15

MRR (nm/min) 63.02
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WO HHLA o 58

Thickness before CMP

No 1 2 3 4 5
R(mQ) 11.34 114 1141 1135 1144
Thickness (nm) 597.94 594.8 594.27 597.42 592.72
Thickness (nm) 595.43
Thickness after CMP
No 1 2 3 4 5
R(mQ) 12.44 1249 1254 1234 1249
Thickness (nm) 545.07 542.89 540.72 549.49 542.89
Thickness (nm) 544.21
MRR (nm/min) 51.22

W12 H4 45 4 8 23 %

Thickness before CMP

No 1 2 3 4 5
R(mQ) 11.3  11.28 11.34 11.36 11.28
Thickness (nm) 600.06 601.12 597.94 596.89 601.12
Average (nm) 599.43
Thickness after CMP
No 1 2 3 4 5

R(mQ) 16.57 17.05 17.2 1696 16.96
Thickness (nm) 409.21 397.69 394.23 399.8 399.8
Average (nm) 400.15

MRR (nm/min) 199.28
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Ra=18.276 nm

wl6. 03051236, 001

Digital InsTruments NansScope

Scan size 10.00 pm
Scan rate 0.2504 Hz
Number of samples 256
Image Data Height
Data scale 200.0 rm
Engage x Pos -19733.4 um

Efgage ¥ Pos -42151.3 um

view angle

-"(} Tight angle

000 pmddiv
00, 000 nm/div

Fig.5-3 CVD % & ek i

Ra=4.036 nm

2.000 pmsdiv
200,000 ren/div

w3 _2221705.001

Digital Instruments HanoScope

Scan size 10.00 wm
Scan rate 0.1248 Wz
Number of samples 256
Image Data Height
Data scale 200.0 nm
Engage X Pos -19781.4 um

Engage ¥ Poz -42151.3 um

whew angle

ﬁ. Tight angle



Digital Instruments ManoScope

Scan size 10.00 pm
Scan rate 0.1240 Hz
Number of samples 256
Ra:18.873 nm Image Data Height
Data scale 200.0 nm
Engage X Pos -19783.4 um
Engage Y Pos -42151.3 um

pm

»x 2.000 pm/div
Z 200.000 rm/div

wo_2_04091329.001

Fig.5-5 W6 & % 4o e

H;ﬂ view angle

gig Tlight angle

Digital Instruments NanoScope

Scan size 10.00 pm
Scan rate 0.1198 Hz
Ra=7_59 nm NMumber of samples 256
Image Data Height
Data scale 200.0 nm
Engage X Pos -19783.4 um
Engage Y Fos -42151.3 um

Hm

®x 2.000 pm/div
Z 200.000 nm/div

wd_04091655.001

Fig.5-6 W9 & 5 fo k& &

71
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Digital Instruments NanoScope
Scan size 10.00 pm

Scan rate 0.1198 Hz
Number of samples 256
— Image Data Height
Ra 13'499 nm Data scale 200.0 rm
Engage X Pos -19783.4 um
Engage ¥ Pos -472151.3 um

‘D| view angle
ﬁ’ Tight angle

W

x 2.000 um/div

" z 200.000 nm/div

wl2_04111018.001

Fig.5-7 WI2 3% & fedk &

—— CVD Thin Film
—+— W5
—— W6
- W9

Residual Stress (MPa)

0 100 200 300 400 500 600

Information Depth (nm)

Fig.5-8 f* B EPe-L R TR P A A T4 2E
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Yield strength (MPa)

L™ I I | I | 1
1000 -
300 —
600 ~
400 -
200 -
Ok | | | I I H
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Cu film thickness (um)
Fig.5-9 &R R & i 2905 K3 B ehhf (2[36]
AY kA B AA G GIXRD £ip% %
Tungsten Residual Stress (MPa)
o Depth CVD
o(°) (am) g WS W6 W9 W2
0.1 5.3 2395.5 * * * *
0.2 10.6 2115 * * * *

0.3 16 2047.1 1664.8 554.5 2855.1 1436.2
0.4 21.3 1727.7 2794.77 2941.7 3392.5 1882.7
0.5 26.6 1722.8 2821.1 3004.6 3136 3233
0.6 319 1652.2 2597.6 2737.8 3103.3 2880.9
0.7 37.2 1624.9 2529.1 2695.7 2784.5 2540.6
0.8 42.5 1668.5 2332.7 2552.7 2428.4 2545.2
0.9 47.9 1578.1 2151.6 2296.9 2361.3 2373.1
1.0 53.2 1446.9 2073.6 21404 2277 2154

%3 f P AF S D)
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Intensity (counts)

Intensity (counts)

3600 —

2600 =

1600

900 ~

400 o

40 50 B0 70

Fig.5-10 CVD %~ 54 & B 4 0.1°4E54 5 %

\ {\ ,J\, A

2Theta (%)

3600

1600

400

40 a0 B0 70 a0 an 100

Fig.5-11 CVD W bt & B 5 0204545 &
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Intensity (count:

Intensity (count

36

24

T T T r . . : .
40 a0 B0 70 a0 a0 i

2Theta [%)
Fig.5-12 1~ Sy il » 4 & B 5 0.1°854 5 %
M
. i|J Il
: Jw
4'0 I 5'0 I 5'0 I 7'0 I alu I 9'0 I 160 Findial

Fig5-13 1 S esk (s » 5t & & 3 02085645 %
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Intensity [counts)

Intensity (counts)

6400 —

3600

1600 o

400

40 a0 =] 70

Fig.5-14 CVD &5~ 8+ 4 & 5 0.3°%8+ 2 %

T T T T T T r T r
=in] an 100 110

2Theta (%)

10000

5400 =

3600

1600

400 = /j\
T r T . T
a0 a0

40 a0 =] 70

Fig.5-15 CVD EM»~ 6+ & B L 04°8E5+ 52 %
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Intensity {counts)

Intensity (counts)

225 -

100

25 o

40

50

70

T T .
&0 Ell 100
2Theta (%)

Fig.5-16 - B s fpesk s » st & B 5 0.3 85t %

900 —

B25 o

400 o

225 -

100

25 -

AA A

40

a0

&0

70

T T T T T T T
&0 an 100 110
2Theta (%)

Fig.5-17 it Sy fyekis » sf 4 & 5 04°8854 5 %
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Intensity (counts)

Intensity (counts)

22500 -
10000 —
2500
A A
AN
’ AID I SID I BID I ?ID BID ) BID ) 160 I MID I
2Theta (%)
Fig.5-18 CVD #*~ 8+ 4 B 5 1 8542 %
19600 —
14400
10000 —
6400 —H
3600 —H
1600 o
400 — Jk Jk
| _ N
' EID I QID I 160 I 1:0 '

40 a0 B0 70

Fig.5-19 f“ B Pskis » 544 B 5 1" 48458 %
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4000

3500 | Residual Stress Zone .
iy

= B
g, 3000 - Transition Zone ; CVD Thin Film
\% (21.3nm) ojﬂ'
o 2500 L Ly W12 (Scmp)
2 aterial Removal : T/: "\
c% 2000 li:_)H;_CMP(199.28nm;E T JJ‘:__:_
TG 'F,'T,I_ J_ N
2 1500 - L I N
= - I
= I ﬂ T T T Y 177 I
J 1000 - iy L1l
e R B |

500 - L

0 i
0 100 200 300 400 500 600
Information Depth (nm)

Fig.5-20 % CMP £k 2R § -+ AR A &

Muaterial Removald r—--___-——=~___.""

Substrote

Tungsten Thin Film
Deposited by CVD

T g
P

Fig.5-21
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5.2 W L Bk % itk

8 EWRE T BB ECP 23 1 % > R B Pk en
FAE TR o P Ao Fig 502 40T o T LV R e MBS - H
Pk ~ L mdnih AT R RS GERREAT B DR

i B A S MR R AR E e P
()F s 45 %

Frde B ends T g, R4oFig5-23 977 » 2 ¢ ABERE K1
WEAROE 4 0 A B VAR > T B B2 {8 0 "EFHRT ey
o BRI E RAT R OBRAMFEREF LRGSR
%0 B¢ BCEALL B % CDEM AT F -1 D&
2t BRI fRE RME - DEBA RS T o

d B¢ ¥ 'JF:] v T

AR A ﬁ’i%ﬁt?‘zf{?ﬁ*%’é%mw T3 T CD £ o Fpt

TEAFH02VEOSV LY EIL

i

Bhel B- B TR 0S5V & L RAFH T T DML R AR
N E (e )R Lm+ﬁ)"l‘/f$7}«}' :

4+ 4o Fig.5-24 #5577 114
%ﬁd Iﬁw*jf’mﬁ%“»f E'%?ﬁ&]%tlﬂfa&,gp ‘| z']ﬁ%“;%@_%_[%_o

—~\

QR # % 5 %

LT R Tin2 T WALk R R L F T JREE R O e
bv oo A5 450sec 2t w BEIFA R A BRIEWN A G A R 8 A
RSP TR  BEEA HEBGF e S

(3)# & f AR

PR LS R 0 R T B Rk LS B BT
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N

1 ;;.:z,,ﬁ%};i,;g% o ERRE SRR VB Mk {5 HPp RSt modekk
B ESd AFM £ B¢ Raie 5 13.91 nm» % & fekE R & v 4o Fig.5-25

ST o
DATRA RS G EEE A

SR L R T L Bk (s E@iﬁﬂ‘ﬁﬁ";ﬁ%fi % 189.88
nm - =& o X G KA R A A R (opep) B RS 4o Fig.5-26 #77 o
Flim LB LiEsRY B REBA el 3 N7 gﬂ'ﬂi\au ok 4 Ry
4 5 53 GIXRD 7 Frer 5+ 4 B BBl % 40 ST 0 B MEE
A5 F s % % 4o Fig.5-27 ~ Fig.5-28 ~ Fig.5-29 ~ Fig.5-30 #75% » = %
B SESTL AP AT AR S R G A2 R B A o N ERR T
FPekps o FL R fREARY LR L FIE* 5 %55 GIXRD 2 AR T
A A GRS THRAETYZ LA RTHALERRATRS oG -

CVD EH ST Fdek {5 4 dd TRy iy
ZFT B AR o Bk A R T R Bl4e Fig5-31
“r5n 0 % F K A % % (Transition Zone).) 16 nm » /& & 4236 16 nm = #

% &+ % (Residual Stress Zone) ©
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V (Volts)

V (Volts)

Fig.5-22

T Y8 Yok 15 8 BI(ECP)

Az =552456

Left = -0.4332418

0.61 D.I1 1 .ID 1 DI.D
I {mAmps)
2 Fh 2 7 LS
Fig.5-23 # & i=f& it & &
ExiE = 413 24396
Left =1.0002229 -13.0
Right = 9.3922130

125

F1zo

115
] Il 110 -
| i
\ .llll I k 10 £
g | &

‘T‘.[ = F10.0

il

T
9.0
|55
oo SDI.D 1 06.0 1 56.0 206.0 256.0 306.0 356.0 406.0
Time (sec)

Fig.5-24 = T B#FIEd R
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Tab.5-7 L # "$ 25

Thickness before EP

No 1 2 3 4 5
R(mQ) 10.7 11.7 11.7 112 122
Thickness (nm) 633.71 579.54 579.54 605.42 555.79
Average (nm) 590.80
Thickness after EP
No 1 2 3 4 5
R(mQ) 16.5 16.6 17 17 17.5
Thickness (nm) 410.95 408.47 398.86 398.86 387.47
Average (nm) 400.92

Digital Instruments NanoScope

Scan size 10.00 pm
Ra:13.91 nm Scan rate 0.1452 Hz
Number of samples 256
Image Data Height
Data scale 200.0 nm
Engage X Fos -197B3.4 um
Engage Y Pos -42151.3 um

)| view angle

_(:j_ Tight angle

S
P

pm

¥ 2.000 pm/div
z 200.000 nm/div

05091335.001

Fig.5-205 ¢ 0% (5 4 5 f kR
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3000

CVD Thin Film

2500 —=—ECP (Okcp)

o

1500E3Jﬁ”%1?1a‘;;.=r
1000 | @LLLLLIL

500 |-

Residual Stress (MPa)
=i

]

100 200 300 400 500 600

-500 -

Information Depth (nm)

Fig.5-26 & * FP LA T4 R A & RE

AT B A A F GIXRD £ pl % %

Tungsten Residual Stress (MPa)

o(®°) Depth (nm) CVD Film ECP

0.1 53 2395.5 256.5
0.2 10.6 2115 1386.1
0.3 16 2047.1 1243.9
0.4 21.3 1727.7 1909.2
0.5 26.6 1722.8 1822.8
0.6 31.9 1652.2 1621.6
0.7 37.2 1624.9 1521.4
0.8 42.5 1668.5 1418.3
0.9 47.9 1578.1 1378.9

1.0 53.2 1446.9 1267.4
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Intensity {counts)

Intensity (counts)

625 -
400 <
225 =
100
u T T T T T T T T T T T T T i T T
40 50 BD 70 =11 a0 100 110
2Theta (%)
. 7 g 24 2 Y 2, 2 2,
Fig.5-27 T - #yekis » b3 & B 5 0198854 2 %
1600
E
400
100 -%J .
0 T T T T T T T T T L'\/\\‘1 T T r T T
40 a0 BD 70 a0 a0 100 110
2Theta (%)

Fig.5-28 T - @ Prkis » 6+ & B L 0208542 %
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Intensity (counts)

Intensity (counts)

2500 4
1600 —
900 -
400
R h/\‘N M/\“
L T ’ T e T 3 T ' T y T T T T T m
40 a0 60 70 a0 20 100 110
2Theta (%)
Fig.520 B3k ts » 614 B 5 0.3°45 52 %
22500
10000 —
2600 —
o T m T T T i T T T T T T T T i
40 a0 B0 70 80 a0 100 110

2Theta (%)

Fig.5-30 & (* B Pekis » 5t & B L 1°8HE %
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Tungsten Thin Filin
Depeosited by CVD
Material Removael — _ — — — .~ — T —

Substrate

% i GIXRD £ B 1 £8Pk 2 {2 E W CMP 2 § & 4 (ocup)
AW R TIEPR2 T ECPAT R A Y R(opep) T ¥

SEHWATATRA (op) 0 RO B FRES XA TR

k!

2 1 (Aogs=0cyp-orer) > ¥ 18 )& CMP & F &4 (0pn)ie T

T‘F o
()5 & 4 % # SEM Bl %

LR - R CA N S VR R R S (A O
Fig.1-5 #577 » Be it B8 8P L {5 cnfd s (W12, £.=199.28 nm)fr &
v 8 Pk 15 eniE iR 3 (BCP, 1,=189.88 nm):f *» ¥76 & (7 SEM 45
# o CVD 9 & SEM 4p 35 % 4r Fig.5-32 #777 » 1L B ek 2
Tt F ek d SEM 4 #5% % br Fig.5-33 ~ Fig.5-34 #577 » & #-= X
2 TG T BB AS S B % e Fig535 4T 0 Bk AR R Y
W12 e @ ECP & § 4p b b4 5 &
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Q)1 5 R & $ T A T R4 B B H 3t

F 5 A CMP #'% 5 & & % ECP #'% B R AR P (t=t) 4e
S7oR o 71 JE S CMP 5 B # FERAY fe® "% ECP & B
BEERAT RS T ARG E (0004 fr Fig.1-5 #15% o @&
CMP A& F Jb# (oup) A 1 8 588 50 BECP (52 W44 AT R4 A
W d 2R (ogep)dr Fig.5-36 #771 » Flaz m “EPk Frrm g4 drde1 3
0 L e T RGR YR 7 PR 1T BB AR Y XA
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SEI  15.0kV X50000 100nm WD 10.0mm

Fig.5-32 CVD %% # SEM # * 6 B

SEI  15.0kV X50,000 100nm WD 9.8mm

Fig.5-33 i* B 42 £ {5 SEM # *» & &
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SEI 150KV X50,000 100nm WD 9.7mm

Fig.5-34 7 {- £ 2% 5 SEM # * 6 B

CVD Film Material Removal by CMP Material Removal by ECP

e T
—— : -

Fig.5-35 CVD fFmr~ v B Rpek s T L B Pk (5§ 27 6 WL
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T E AT R RS GERE
Tungsten C.VD W5 W6 W9 W12 ECP
Film
o (°) Information Residual Stress (MPa)
Depth(nm)
0.1 53 2395.5 * * * * 256.5
0.2 10.6 2115 * * * * 1386.1
0.3 16 2047.1 1664.8 5549 2855.1 1436.2 12439
0.4 21.3 1727.7 27947 2941.7 3392.5 1882.7 1909.2
0.5 26.6 1722.8 2821.1 3004.6 3136 3233 1822.8
0.6 31.9 1652.2 2597.6 2737.8 3103.3 28809 1621.6
0.7 37.2 16249 2529.1 2695.7 2784.5 2540.6 1521.4
0.8 42.5 1668.5 2332.7 2552.7 2428.4 25452 1418.3
0.9 47.9 1578.1 2151.6 22969 2361.3 2373.1 1378.9
1 53.2 1446.9 2073.6 21404 2277 2154 1267.4
1.1 58.5 1468 1948.6 2114.9 2109.7 2051.5 1270.1
1.2 63.8 1411.5 1820.8 2003.3 2006.1 1972.2 1239
1.3 09.1 1395 1792.2 1987.3 1942.1 1903.9 1309.6
1.4 74.4 1361 1777 1891.1 1953.6 1832.8 1264
1.5 79.8 1401 1730.7 18959 1888 1763.8 1285.5
1.6 85.1 1370.4 1674 1847.5 1840.8 1741.4 1289.9
1.7 90.4 1404.5 16434 18533 1831 17158 1267.2
1.8 95.7 1332.8 1599.4 1839.8 1774.8 1677.4 1248
1.9 101 1378.71 1584.6 1810.2 1752.1 1648.2 1243.5
2 106.3 1355.2 1571.2 1735.3 1697.7 16139 1211
3 159.5 1197 1375.7 1413.1 1304.2 1335.3 1156.1
4 212.5 11182 1317.9 1321.8 1299.3 1280.6 1120.8
5 265.5 1065.8 1180.1 1219.3 1200.5 1225 1035.6
6 318.5 1054.8 11252 1165.5 1180.3 1193.5 1038.2
7 371.3 1063.1 1128.6 1147.3 1107.2 1157.1 1016
8 424 1052.9 1075.1 * 1091.7 * *
9 476.6 1016.9 1062.5 * 1126.6 * *
10 529.1 985.3 1036.7 * 1029.4 * *
11 581.4 940.6 * * * * *
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