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Applying TRIZ Theory to Solving CMP Quality Conflict

Student: Chao Chun Tseng Advisor: Dr. Shing-Ko Liang
Department of Industrial Engineering and Management
National Chiao Tung University

Abstract

Quiality conflicts exist in a competitive market, and come from customer’s
large quality require mainly, for example, quickly delivery, lower cost and keep
quality steady. Sometimes corrosponsive technology bottleneck get difficult to
break through, unfortanlty, the quality conflicts come one after another.

Therefor, to solve quality conflicts effieiency and to accord with customer’s
demand, the effective and powerful management method is necessary.
Nowadays, TRIZ theory has been the innovative and systematic way to manage
technology. In other words, it is the most popular innovative design in solving
engineering problems. The TRIZ theory not only helps all engineers find out the
technique contradiction parameter exactly but also use conflicts matrix and
applies substance field to discover technical bottleneck, in addition, combining
experiment design analyses properly, offer andselve direction of quality
conflicts.

In the paper, innovative management'not only improves the shortcoming of
unable quantification and also combines sensitive analysis of Taguchi Method. It
includes the commonness of advantages-of increasing useful resources and
eliminating harmful resources, breaking through technical bottleneck and
solving quality conflicts. In practical case, in this‘paper, semiconductor process
in CMP quality conflict of example proves the TRIZ innovation results. | believe
that it would be more effective if creative users match suggestions and ideas
when using the TRIZ theory. The old model evaluates enterprise’s wealth only
with productivity, profit and property assets and it only focuses on management
performances on short-term interests or competitiveness.

Key word: TRI1Z, Creative, Semiconductor, CMP, Managemnet
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. Bt Eg 13. # 848 w1
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10.

11.

12,

13.

14,

# ¥ 1 %8 -0 € £ (Weight of moving object) : 2 ¥ moving object&_p 72 %
FEALDNA L E LR RkpES o

# 1 $ g £ § (Weight of non-moving object) : non-moving object? ¢ g
FEXII A gy o

# i‘rv# enf )i(Length of moving object) : Length&_t= 87— 2 & B & >

CE R E

# 1+ 4~ %8 ek & (Length of non-moving object)

# # 4 4 «h5 4% (Area of moving object) : Area_f~ §8 - A E B E > dod
i o

# 1k £~ 88 eha F% (Area of non-moving object)

# & 4= 1 88 # (Volume of moving ebject) = Volume &_4~ §8 c= & & 7|

2 AR

¥ b 4 88 18 7 (Volume of non:moving.object)
i# & (Speed) @ % & (T A W AR enE S o

4 g(Force): R A ALA A NP R D2 PR A A S o

K=
Bb,; °

564 ~ B4 (Tension, Pressure) @ iT% 4 de 8 /R4 & g4 o
554k (Shape) © £_4~ 4 &% % sensh B i fn o ¥ A 4 2 #7 P 2 8 Shape -

o> 3R PR 4 2 % Shape o

# 4% 71 (Stability of object) : £ M & 4 558 ¢ & F) R BB S
A e 4o

52 B (Strength) @ 4~ #8 4 dmvh 4 2 Bk i 4 o
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15.
16.
17.
18.
19. #
20. # 1k 4~ 18

21. =
22,

23.
24,
25.
26.

217,

28.

29.
30.
31.
32.
33.

34. .

#% 6 3= 48 enmt A 14 (Durability of moving object)

# 1k 4 %8 ot A 14 (Durability of non-moving object)

B & (Temperature) @ i $ei8 (TpF4c » £ f’ﬂ TIIAE &~
F % /& (Brightness) : P 53 & ~ BRPP 5 ok chgd i o

¥ 4 88 4< & IR (Energy spent by moving object)

7} 4= it /& (Energy spent by non-moving object)

I (Power) @k kT g & enwh 5 o
we R ey (Waste of energy)

P B 0§ (Waste of substance)
7 3 erdf 4 (Loss of information)

P [ e 7 (Waste of time) o5 = 3 (£ 47 F & pF F o

P F B £ (Amount of substance) : fig— & SEr g & e 2 g o

7 4o (Reliability) © 4+ %8 &% S A= BUR R i 40 F 70 R s

K=
At °

£ /] % rx & (Accuracy of measurement)

#] 1% 2% g7z B (Accuracy of manufacturing) © & $e223k 3424 — RerfR A o

e 3> 4= 48 e93 £ ¥4 (Harmful factors acting on object)
3 T &l =% (Harmful side effects)
] 1% 4 (Manufacturability)

¢ * = i ¢+ (Convenience of use)

&
o=

@i 4 (Repairability) @ % 3L AdE3R S %% 2 w4 I ¥ K
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35.

36.

37.

38.

39.

3.

p ¥ it 7 & (Level of automation) : 4~ 44

4§ e+ (Complexity of device)

4 (Complexity of control)

BOAMRRGFEITE ZE A A

i¥ &t (Adaptability)
E¥]

B Fef2

g; 4 o
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FAEZECE BT AP AFRT i REEZEE BT
CRIZ AN IAREFT - P e > F AT o 0T > FRSIEF R
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Wi o v v AR R Lo

35 EIF WA H R HA K

Bov Atk (Y 01993) 0 A Ao l‘l}‘%%ﬁ;‘:’g‘,% SR ]
R arL > PEPH NE BRPSYUaMN 2 4R T3 S 24 %5 (control
factor) £ 324 F]+ (noise factor) o 12 i3 HLief b (&4 7ﬁg;g/|\|ku);é th R A
2 B A7 & 1 45 S B L 45 R (performance index) ¢ &4tz & ¢ o S/N
i L RPITIOEE R AR E o SIN T K S

SIN w=T3oE P fe=g% 55/ 2 5

IS ERTFRREEE £ 5NN S

1.3~ #+42(Larger the better): el & 4 47 2 4o f ‘F it x,
AEFWRR o HE N
SIN =-10*log,, [(1/n)*Z(1/y? )]
/| 41 (Smaller the better) : #cdz & 7 45} ak 4£+ M e B R

'

lirLEi » particle®ic, ig &+ #h s, H2H 5 2 X

SIN =-10*log,, [(1/n) *=(y?)]

3. % P # 1 (Nominal the best) : #d5 & 7 4 %2 p & 4 CD,
thickness » H 2+ & = ;¢
S/N =10~*log,,(Mean’ /Variance)
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42 BT FPREE (CMP) Wizl 4

v & 4257 = » (Chemical Mechanical Polishing, CMP ) #l 4z - p # IBM
%%%ﬁﬂpi’%§ﬂ$éi%%ﬁéﬁﬁﬂﬁi—’ﬁﬁ%’i%@

SN E N S FEEMFL R ML R 2B S L 0 1995 Preston
Equation » 77 i 5 (Removal Rate) > =5V 4™ » 54 4.2-1

Removal Rare = = kpP—

Af At
;8 4.2-1 FFREEiE oo 5N
(-E{\'#\_L gy

ik LEM T CCMP He XERHERIZRNG AF)

B CAH 40 FEST B A EFERE P L EFER - As/AL
LFREAH S P LR R kp A E S o 2T o FESG
FEFRERFEEE R AT FM AR g1 Bip S %
ARx o T H A CMP A A Rlien ko

42.1CMP 4+ %

CMP i 8 enité Eﬂ’:fj&%ﬂ * R (pad) e g kAT B B R
(Carrier)#7ex fien g, Fl(Wafer)z, £ o miigh 2 - Ju g0@R 4 > 3 ¥ e & p;g%ﬂu
(Slurry) st &7 ~ » r2F% B (Abrasive) $§ du [T (Wafer) s 42 » & d £7 i
AL (Slurry) #-45 “/f 2 A A e ",f Fa Y R FlEe L TF -

CMP ek A4 » 4Bl 4.2 #7m » BR300 e 3

TRA
Diowmn force
W [ men
f('EE Slurry
B EE R 5

{arrier

e
Polish Pad

g e
Polish Flaten

Bl 42CMP 4 i
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(1) & Fl¥E4m & (Carrier):

g\?}i;’*ﬁm .%_‘:’*"Tr]iaalﬁj’j’f iﬁl;BH 5
B4 3na 2 — 4 R (Back Pressure) o B e 3

(2) # =* 5 (Platen):

SRS L L B B i A1 Y S R A R (pad) oA
R T e

(3) # &L (pad):

FRAHMGE FE A6 AR E > §REFEF FH b
ek o A ERI - RS CEFAEREF O FERLEFR
RIVRA ORFE 2% P2 R g R EFERAE L SR
%o S PEAT B g E(Condltlonlng)q&mii o d ¥ Condltlonlng e
AP TR LT 2T o

(4) # 342 (Slurry):

ﬁjﬂ (Slurry) 2 & o i b B2 BBl ga ik B0
z;\;'\*wy\’b}" PH 2.8 E{i"]‘%"?géfp
T AR R (Slurm) ety o

A o BB RS

%Tz:‘;\ o
I8
Jk
PO
3%
|
i)
kg

4

422CMP 1 & 43¢

CMPF s 4]+ R a 2 wﬁ‘* B R RASlurry) e & 1 it At
T 5 RS ”gd v @*J{ (Abrasive) ¥t & [l (Wafer) er g 4= > x d 37 & ]\1‘1
(Slurry)ﬁé’r%% A zLo ARG HE g A CMP #lf7 » 2882 %
FAp g s o ol Wl ER b S P By R - BAp g B
RGEERE

CMP @42 ¥ - Bi&E # it 4 (Dynamic) s 4z » 8282 S8 Ap % 1 % -
AET A G A1) BT 24 %(Z)Jaf‘a@“%‘fﬁ)@i?}ﬁ@ 5
58k £ 5 [9]:
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(1) & F1§" % #&:& (Carrier Speed) -

(2) 7 =T . ¢ (Platen Speed) -

(3) & % *& /& < |- (Down Force) -

(4) JrH-z_ istsg & (Slurry Flow Rate) o

(5) A Br&u ik 5 ~ pFRF ~ 3¢ & (Pad Conditioning Frequency, Time,
Velocity) -

(6) # f 4R %714 (Pad Compressibility) -

(7) 7= %58 1+ fisgic(Elastic Modulus) -

(8) # E-# A K& ~ 5 & (Pad Hardness / Thickness) -

(9) #2k Hd 575 (Polish Oscillation Pattern) -

(10) # /& (Back Pressure) -

(11) & + (File Stress)s

(12) & %Al A (File Hardness) »

(13) A#x+ (Frictional Forces).. & % o

VSl BBk p AR 1‘ (slurry) » i & %#cH

(1) #= =2 = & (Slurry Composition) o

3

@) 5=

5

ey

\

¥p A= -] & & (Slurry particle size distribution) -

Lz PH iE o

(4) #=

«
bt

“7‘%‘?1 e *7"4% *7
(w

o

\

2_Zb % M (Viscosity) o

(5) 7=

3
.\_\_

Y- %8 2_ 5 B (Abrasive Hardness) -

(6) #= = JE 2 3p kRt 548 T Uk (Stability of the abrasive suspension) o

‘6‘%@;\«
—r‘?@

(7) #= E#++ % (Pad composition)
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(8) & [f1 & »-2. = & (Film Composition) o

[e]

(9) 4 7 % #c(Dielectric Constant)... % %

Fo oo r bR ey §ERAFREOPENNL ST R

}i 'fir'BBB i\lg;}'}l’\%a e R e ,—ﬁ;—’\vfﬂg‘g-‘: “'ZA?\:J\;';EL}:‘FI’— ?Eﬂ}"LFFU‘
BB P ahE 3 SR B2 (Vacuum Mounting) 0 ¥ - P}’*‘*v;r E P,
‘%l_ze = U j\j’l\g"as 8 A e g $R B2 (Carrier Mounting) r? R

FPRBPE 2 A Tl IR - T I TR o

P sk ’F‘r Fﬁﬁ@mﬂv ,g\-n- l,ta,bg 2 ;J_,,t:%ﬂ B3 zJ.T#F B o ﬁfimg 1
BT R B ;g@z By AT ah Pk o NELFERLAL R Y F
B P 7393 ik 2 BAL - 317 - LAM Research Corporation )Ié
B - #aA7: e CMP 8 & > 3% 5 ¢ 7 Belt Platen Module(BPM)’ YLE g
Air Bearing Platen ¥ 12 @ /iR 4 353 o #2305 P ehd 5 o 4R TR T 2 LAM
kB39 e

A R R L Y 7 e R jﬂa(SIurry) Yot Fr | 4F
p@%#m$gugiaﬁpﬁ %’ﬁ{rﬁ%h%7&£°ﬂw’é
AP AR ZFERE S B IR RIS G A o D L ST g
CMP LARE ] AR > 4o 22447 HA %
b (e e A

AA T ET A S

B NUEP-B X FT BT E T

\_.

/4

T

P)4&E g;afg,zleﬂ+wz
jé" "

AN A S S oA " 5 &€ 73R 2 Eo
NEEERT &rlﬁ’ﬁ iz g e AR 4 T }—‘1? 4*';5 ”"@ﬁiﬁx&
HTFE I EFAGCASSTREL 2B L X EMI T Y E o

TCS
;\\
s
)
g
Ty
1%1
$.

i *“-“}&
LJ Sl
&k

A8
LS FlA R ﬁiﬁi (CM
ks

423CMP & A B & F2 p

fe AT A B Ll L EARY B R T gt 4‘;'1%%“%,
Iﬂfg’wmﬂ i om __L"f A ,6\‘3 FEH}%*% i(-&r‘_:}ﬁ'%ﬁ‘él ,,;-)«)Ervﬁ ﬂjl‘—»
FANA S EREIRALFLF T FEHA TR BHFUFL > RE Y
%Wﬁéﬂﬁ?%%ﬁﬁﬁ%&’%“’”’iw%ﬁ%§*,ﬁ%aﬁ
SRRSO KA A S AT i CMP 2 £ & 22 & &P
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(1) fa 01T 3u i 4 2 S 580 o

- g‘:i&@ ' gp 4 Phow TR ‘Q‘-"@ 4.3 > m%ﬂﬁiﬁ/{h“k‘? L'E"Q ’ F\‘ j‘
PR £k K F A G 7 B3 A (within-wafer-Non
uniformity WIWNU) & & Fl 2 F € & 4icdpth > Fl5vE5 & 14 o AT
ﬂ’ﬁ%ﬁ&%\ﬁmwﬁﬁm’ﬂwpgﬂﬂm“QWmeﬁﬂ&
LR EFEmE2 - -

I
L
L

e

L L1

|
0 Fm ] nEE

S ae

Bl-4.3 & ]’ﬁ]l FLof

it ¥ (MRR > Mean Removal Rate) == » &t % 8 pF
@ﬁéﬁ’zfﬁ K&a@ﬁoﬂﬁpﬁﬁubnﬁwﬁﬂﬁgwwl
K2 TED Ell=pd xdﬁﬁﬁwﬂiéﬂmﬂmﬁﬁ’ﬁé»
’E{x;”\ ]L o

43. FR(TRIZDAFE#H AL IR SFERR

i - @t CMP Lo i Fl T & 5 €& 25 4pi% 0 2 &
?ﬁ%%mlwﬁ&kﬂ’%“7P’P@ﬁ@ﬁéﬁﬁéﬂﬁ@ﬁ@
AR R EHF*E%F'“‘ CERSE R 24 080 Wl S J{ARE
fo v crEg s AR «?iwin«w‘}%“‘“it’ A w plid S ERY B
Foo Tl o E CMP T AEER, AR REL IR - o - &
AT A PR RE - R AT TG AR T R
T AR RS B R G R R T s §
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BFEEHAHEEARR SN R a2 E R T
T BB “f-’; SR EEREA . Er TRIZIE L » R iEfRAHT7 > 2 E
LR E R BT AL 0 Ph A B eni CMP flAzac 4 L - K o s
X% r-r'?ﬁg‘}i°

i OMP & FF AR R SR v A4 4 RS R
LERF ARG FF I EAES A EFS s o T
’%ﬁ’t‘ AT F]F 0 o~ TRIZ 79 5 (Y 2 %) 3 g B 0 i@ % I3
B r"’l”@iiﬁ%”f Fo At ZH A TRIZ AIFTHA T FEER - H
f2A-CMP Hrsigsp P 3 > eed SRR Pl 1 fWARE R o

N

F Cifx iifs \m

43.1 7 E’.p.uT' p’upg i3 ‘E\“CMP o= rr'p"'%ﬁ‘-t 1‘5 ’bg‘

F] L R FER 42 0 CMP r-r'%ﬁ‘ﬂ EL T iar k4T 2 rslz'ﬂ[éi}, »
4P ke

(DT it-CMP 4 & & B p &> R [l 5323 & (Within Wafer

Non—uniformity, WIWNU )

(Z)Pfg*%ﬁ % (Mean Removal Rate) » L8 P e g (B AN ) 2

P - R @i AR WAy '

CMP & % &% p #82 3- 52 240w Fl 44

CMP 7 fri¢ & (MRR) %8B BlFE B+ &I 5 & (THKL > t1) %

R T A4t o Rl B Sl ER(THK2 > 12)2 tp 4T 158 -

MRR # ¢ & = (t1-2) 4T & «Mﬂf i F 2 TiaE

ol e L L L NI T

wa
L

: THK1

~T T T T

q 4 v | THK2

B 4.4 CMP £7 rig 53+ ¥

¥ b5 CMP &1 & (& & NonUniformity NU) %3t > 5 7 a0k
B122 %L STDVAPH > 2 5% # 12 cnTiaE mean 2. 4+t o H ¥
MRR % 3 + %4 (the bigger the better) » WIWNU 3 ¥ -] 34 (the
smaller the better) -
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(3) e vt~ A7
MG APETL e BEEEYUBFFF TR F] > o A
A RS PRl 0 AT B4 Down Force
B. 7 i & Platen speed
C. §* R & Carrier speed
D. # Bk 2_ =& 5 Slurry flow rate

# 4.1 ® % % L9 (orthogonal array)

Level 1 1.5 73 43 200
Level 2 2 93 63 300
Level 3 2.5 113 83 400
Exp. ID A:Down force |B:Platen rotation | C:Head rotation |D:slurry flow rate
1 1.5 73 43 200
2 1.5 93 63 300
3 1.5 113 83 400
4 2 73 63 400
5 2 93 83 200
6 2 113 43 300
7 2.5 73 83 300
8 2.5 93 43 400
9 2.5 113 63 200
RARELAMMEFZ TR AERE - B RSB N EE
2. MRR # WIWNU 2 S/N ;* ,;g Dl E T BN R -
3wt e v od Lot B BT 08 kL k0 6w

BRI D2 TS5 2 e KB s % LB g > 35 0 & F) S R AR
Bt o d SIN i 3 R ’?‘;%*aiﬁ*é N B ES A
T &GS FE o A2 S/N W X B REE s I F) S 2 B iR
%@°¢*—5~‘*'ﬁﬂ4”* ke £iEET 5 T E R 45 MRR
2 WIWNU 2 $ i mn—}@_@ .

(4) %% 247
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for WIWNU Level 1 Level 2 Level 3 effect critical or not
A:Down force 3.99 5.49 5.92 1.93 Y
B:Platen rotation 410 5.43 5.8/ 1.77 Y
C:Head rotation 4.1 5.01 6.18 1.96 Y
D:slurry tlow rate 5.4 5.11 4.83 0.62 N
for S/N
A:Down force -11.5 -14.5 -15.4 3.9 Y
B:Platen rotation 1.7 -14.5 -15.3 3.7 Y
C:Head rotation -12.0 -13.7 -15.8 3.8 Y
vislurry Tlow rate =13,/ -14.1 -13.6 u.0 N
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A:Down force |B:Platen rotation | C:Head rotation | D:slurry A:Down force |B:Platen rotation | C:Head rotation | D:slurry
flow rate flow rate
for RR Tevel T TevelZ Tevel3 effect critical or not
A:Down torce 18/1 21230 1838 96/ Y
B:Platen rotation 24N 164/ 1802 845 Y
(:Head rotation 12315 1195 12320 30 N
D:sturry tlow rate 192/ 1136 L2117 850 Y
for 5/N
A:Down torce 65.4 66.8 68.8 3.4 Y
B:Platen rotation 6/l 68.2 65.1 3.1 Y
C:Head rotation 66./ 6/.1 6/.1 0.4 N
vislurry Tlow rate 03.0 60./ 08.2 LY Y
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A:Down force | B:Platenrotation | C:Head rotation |D:slurry flow A:Down force | B:Platen rotation | C:Head rotation |D:slurry flow
rate rate
for WIWNU Level 1 Level 2 Level 3 effect critical or not
A:Down force 3.24 3.96 4.96 1.72 Y
B:Platen rotation 3.82 4.06 4.28 0.47 N
C:Head rotation 3.67 3.78 4.70 1.03 Y
D:slurry flow rate 3.55 4.43 4.17 0.88 N
tor S/N
A:Down force 9.9 -11.9 -13.9 4.0 Y
B:Platen rotation -10.9 -12.1 -12.6 1.7 N
C:Head rotation -10.8 -11.5 -13.3 2.5 N
pislurry Tlow rate -10.6 =140/ -12.3 L. N
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A:Down force | B:Platen rotation | C:Head rotation |D:slurry flow A:Down force B:Platen rotation | C:Head rotation |D:slurry flow
rate rate
for RR Level 1 Level2 Level 3 effect critical or not
A:Down force 23138 2635 3255 937 Y
B:Platen rotation 2486 2/88 2933 44/ N
C:Head rotation 2//70 2/01 2/36 6Y N
D:slurry flow rate 2336 2675 3196 859 Y
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A:Down torce 6/.1 63.4 /0.2 3.1 Y
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