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This project developed the new run-to-run controllers
for the mixed product chemical mechanical polish
(CMP) process, including d-EWMA controller, time-
varying d-EWMA controller, time series controller,
and time series combing Kalman filter controller. The
purpose 1s to improve the ability of the controllers
from a single-tool, single-product controller to a
mix-tool, mix-product controllers. The assumptions
that the product-induced disturbances are constants
and the tool-induced disturbances are correlated
stochastic processes are adopted. Firstly, from the
history data, the mathematic model of the mixed
product CMP process and the contributions on model
interrupt caused by products and tools respectively
are obtained by using the dynamic analysis of
variance (ANOVA). Then, the disturbance can be
predicted and compensated by the proposed
controllers. From simulation and experimental results
we find that the four controllers all have high
performance. The performance of the extended Kalman
filter is better than the others since it can
regulate the model coefficients automatically.
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This project developed the new run-to-run controllers for the mixed product chemical
mechanical polish (CMP) process, including d-EWMA controller, time-varying d-EWMA controller,
time series controller, and time series combing Kalman filter controller. The purpose is to improve the
ability of the controllers from a single-tool, single-product controller to a mix-tool, mix-product
controllers. The assumptions that the product-induced disturbances are constants and the tool-induced
disturbances are correlated stochastic processes are adopted. Firstly, from the history data, the
mathematic model of the mixed product CMP process and the contributions on model interrupt caused
by products and tools respectively are obtained by using the dynamic analysis of variance (ANOVA).
Then, the disturbance can be predicted and compensated by the proposed controllers. From simulation
and experimental results we find that the four controllers all have high performance. The performance
of the extended Kalman filter is better than the others since it can regulate the model coefficients

automatically,

Keyword: chemical mechanical polish, run-to-run controllers, mixed product, d-EWMA controller,

time series, Kalman filter.
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ﬁi[kz‘ |kz] = WY1'2(‘C"z'|:ki]_‘é’\‘j[ki _1|k,' _1]+(1_Wi2)ﬁi[ki _1|k1’ _1]) (53)
&Lk + 1|ki] =¢[k, |k1’] +pilk, |ki] (54)

B pr PRI BB R DR E w AR ALk K]S R R E kel e E k4
L g ARl E o g (k) T A1 B 4258 (50)K 1T ¢
gj(ki):yi(ki)_biui(ki)_lu_ri_ﬁj(k,) (55)

L% D-EWMA = 6 > 325322 D-EWMA - > L EEHRBPESPHEL - H p chh>
FI# - e F]F kteid FHREH E iR AT F e X L 2 Nk D-EWMA it fg ik #

Jeard fE R 0 @%‘r@;ﬁ'—i o H A EHGN L
w, (k;) = max{w, ,w,} (56)
w, (k) =min{w,,w,} + 7/1'k (57)

HBo y(0<y, <)) &7 53740 FF o b 2 3740 F]F 0 7 0L @A o0 G 0 21 0 0 Bid ehiacd 4R

-

>

o

G

¥

5.2 P& B 7(Time Series)d 41 = 7

AR eE RS R A5 IMA(LDECA P D-EWMA F4 B e #EF 5 5]
T FAEHE By PRI B FEE RS ETAIFEE D FI R ER
Bolir 41 % o 1% ANOVA &35 I8 5Efs » @ % 3 2585538 748 > £ ¥ L TR
& % ARIMA(p,d,q) g 18 42

¢(B)e,(k)=(1—¢,B—--—¢ B")1-B) &(k)
=(1-6,B~--=6,B))w, (k) =6,(B)w, (k)

(58)
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49 B3 UEBEEE 2w (k) eN0,07) 5 BB oot S5E S 06 e d o L, 6,

& 5 4(B)frg(B) hitdc
BN D AL R R R P u]} v RFER R RBLRIE o n(k) 2 FRRIE
FAIF GBS ko ARIMA R0 o F L35 Ag s - B (k + 1) iRl > 3§ (h+ ) e
D RpF L EEIFRIE2 FogfL @ % dhie 2 2 k8 0 73] S &% AT RT - pF

e R TR o TR 2 e

,
8

=3
g

ek +)=C+op,&(k)+ -+, &k —m+1)

(59)
+ W(ki +1) _Hilwi(ki) T Him—lwi(ki —m+2)

H¥ m=max(p+q,q+1)T — B 17p P E (one-step-ahead forecasts) » $F(59);8 B~ ¥ & (%

&k, +1)= E[&,(k)|e.(k, =1),-- 1= C+p,&,(k, — )+

(60)
+@,.&k,—m)y—E(w,(k, +1))-0,w,(k,))—---—0, w.(k,—m+2)

P

B Ew(k,+1)=0 > F£d (60)5% > ¥ & N Ak BT — PR EL(k +1) 2 FERE -
1 1 %ﬁ 1

SIEREFS EHHRT &gk BindlS 2

A LL,J‘éfﬂﬁ I R %ﬁﬁjﬁ&-]{&ﬁ&ﬁ,}lﬁ#ﬁg\.#@zfﬁ v lJ;ﬁ%ﬁE——l’- % /}%/ﬁ\e@,

Bl o 2587 » £ m=max(p+d,g+1) » FRETEF>RIAT LT 5
le (k) (olmgz (k _1) Hlm lWi (kl) (61)
X (k) =g,k =D+ X, (k, =1) =0, w,(k) (62)

He1<j<m> O =—1offivBEX (k)T 47 576 a5

o, 1 0 1
L -0
X, (k)= 0 X,(k =D+ " (k) (63)
im-1 .
¢zm O 0 _eim—l

& rﬁ%l I A A S
& (k) =(1,0,...,0) X, (k) (64)

g (63)5 & (64)5° T 5 B R A FIHCAI(SO) S Eak AR B 7 B AR 250 .
#HE+ & gt B(extend Kalman filter » EKF)E_#+ & g BLE- Henat i » 7k LA
T B B R F A B 0 N BRI R B o - Bk BRI AR

AT S S
4% 4
SSULE R I & e

X, (k, +D) =£[X,(k), wi(k),k;] Vk 20 (65)
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Ek +1) = h[X,(k +1),v,(k +1),k +1] Vk >0 (66)

K%fﬁ#ﬁ@ﬂ0mb’ﬁﬁha~ﬂwvﬂ&& §;”zﬁﬁxﬂm%m;mﬁv¢w"
AELF R Z P T 5 white-noise 0 o #T1U(65)3% 2 (66)58 hF — B pEL lF’;*]*.xﬁi B
H - 2 ‘s‘xll“*l“}{*,ﬂ;g«_—pf’“ VB

X, (k, +1) = F,(k)X, (k,) + T, (k,)w, (k) (67)
n,(k; +1)=H(k, + DX (k, + D) +v,(k, +1) (68)
H v
_OE[X, (k) w,(k),k,]
F (k)= X ) (69)
H (k,+1)= Oh[X. (k, +1),v,(k, +1),k, +1] (70)
oX, (k, +1)
_OE[X, (k) w,(k,),k,]
T.(k)= oo ) (71)
F]'J#Eéf:@ %5E+ & //gldie’g-\&»“} ﬁi? :
X, (k, +1) = £[X(k),k,1+ K, (k, + DIE (k, +1) = B[X(k, +1]k,), k, +1]] (72)

K, (k, +1) =P (k, + 1|k, H (k, + D[H, (k, + DP,(k, + 1|k )H] (k, + ) + R (k, + D] " (73)

P.(k, +1[k;) = F,(k,)P,(k)E/ (k,) + T, (k)Q, (k)T (k) (74)
Pi(ki +1)=[1- K[(ki + I)Hi (k[ + 1)]P, (ki + 1|ki) (75)
X,(0) = 0,P,(0) = var X, (0) (76)

;97 K, 5+ & 3 £ (Kalman gain) o 35 5 3842 5 1% © B 22 A4 B IFP|T - B pFELE %

Pt Pk +1k) BEFFEFEHE > Ry pit e ol FRIT - Bk +]D) 2k

Bk Xk + k) 2 85 ) ma§@+Mgo§%wﬁm@§@+D@»¢’ﬁwuq%pﬁ

F_*

o+ B g B i e B X (+D) 12 Bl +]) c s P9 BT - BREREES

P(k +2k +1) 2 FEipI - - e

6 Ttk
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B RGEE G R R R TR R i A2 M* Jrﬁ, &7 TR o B
3BASFE2BH LA S0 BRE ANOVA HAHF & fify
AAA BRAFUAEA BB FRPB LA A
* ARIMA(L,1,1) > #7® = 5%

EZE TR o N |J(49)} T4
m’y_éc %ﬁﬁrﬁlﬁil%m(ki)/ﬁ»‘i

yi(k)—bu,(k)=t;+p,,,+&(k), i=12, jk)=123 (77)

(1-4,B)(1- B)é, (k) = (1-0,B)w,(k,) (78)

# ¢ w(k)eN(0,0.2%) -

Z B LRI E L 05 B [1,4]=(57] =2 BASFE TSI A HE 030304
BIES [P, py,ps]=[6,10,17] o 21 3 LA 4 500 4 =0 dfy 0 IF S TR 0 TR 100 @
F=x ””%}41 BEofl* B FHEFBARREEATREB Sfrd FrFlFsakdok | 77 0 @
AR BREE > 2 I S e T3 ek Pt E W T R RN R TIE L 4ok 2

P
Z 1 S frd & nF]F 29k
AFlFsE(Bo)it T, 7, T,
-4.91129 | -1.02495 | 5.93624
B Fl+ 2ck (A 5%) 1 Bi B2
-1.11029 | 1.11029
J LR T30 17.53468
L2 WAR R AR Eed B R R B 47 KRR
A& A &2 A &3
A 35 B BE
At | Rde | FE | AP | RAs | A | AW | R | A
#Beol 1151 | 11 | 4.6% | 1539 | 15 | 2.6% [2236| 22 | 1.6%
#Wwo2 | 1373 13 | 5.6% | 17.62 | 17 | 3.6% | 2458 | 24 | 2.4%
d 227 BRI ERFREEA AT IR ABRLNGTAORIEEE LF R4 A
BerIgpl el AR 4R B R HER T RV RACE] 1 o2 0w 0 B9 A B4 3.
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Real
8- =——FKE
Time series
B — D-EWvwMA i
Tirne-varying D-Evyhia
24 = 1
L 2F
E]
=
S a0t
18+
16+
14+
12 C L 1 L 1 1 1
0 10 20 30 40 50 [=i1]

Run Mumber

B Lo FEIERI 2 2 8 R TR 2 TRRIE R RBI( S -)

£l Real
—EkE
A Time series
- — D-EWMA
[ Time-varying D-EVWA [|
241
5 221
2
5
O ot
18r
16+
14+
12 1 1 I 1 1 Il 1 ]
0 o} 10 15 .| 24 30 35 40

Run Murnber

Bl 2.2 FARR S 28 RACT R IRRIE R B S D)

% 3 w IR EBEIEALE

MSE (# = 1) | MSE (18 & 2)

EKF 0.049369 0.040039

time series 0.071010 0.040426

D-EWMA 0.053389 0.040204

time-varying D-EWMA 0.053389 0.040364

d 4 3@ 4 g 2T EORRE T LEarn > B9 R+ & R Bendiipc

PRa— s
N E
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TR R

T B ANOVA HC35 e & i B 2 é’zﬁt c AT - FF CMP 8 S RARTH 0 T4

HRFBATLLZFR KRR A H AP OTH L F X EWHR CMP Wizl AR TR 0 5 RH
(applied materials)#T %% » # 7] & Reflexion » 7= fgﬁ % % 300mm & f] > 7 B & 1 B % PE-TEOS
oxide o ## & 3 4 B & FIR{' K (carrier) » B3 3 BHRFIEFFAE > ¥ - BRPEL FHELSH

NEFleF- FRELHFCALES BAET SBFFAE  FERATAFET S} ’frgg F
AR rApE o gk o B 3 5 B e (constant recipe) WA B iR & B4~ B FIRE L HE
Fol S 3L FTERFEAESFS L ORWATHE Rihi ko § {HAERFTE R
B o BLBRE 3 VAR F A B R g (VT B R NE 2 TR 0 gl vh o R e ePRE B R B T VR e
B oot 3 ER ,zﬁfgg«gé_ifﬁ;b@s o F]pt » @ Lend- EWMA#’b’*JEg;“Z"/*b%' CMP
WA E- WS & - FIZR 3 DT T BAEAR > 5 T BRI Y1
FReng Lo B g ot Bk £ 8 S - HE PRI F- A& rﬂth ARG 4EAE R
1 B 5 % % - BAERL 69 'B‘#L X g zPJgn‘»ﬂif‘fﬁ”r«%aﬁl&A\ﬁ R AEIR B A i
B 0 RS mitw Aid SR = BAEHRE 143 PRI EFEFERYE T
v H P e

Pad 1 © padz | Pad3 :  Padd4
w0t : : :

85+

Output

75

70

© ‘PadChange '
= : PadChange
B5 - . : L Pad Change

1 | 1

i
0 69 46 45 52
Run Number

Bl 3. F7 R %0 B

:’5-%: - fﬁ;fﬁfgﬁ%‘i rf’liﬁfguf;& iF ANOVA JAS _,},fr%% ”'"i‘Z%"fg rf—,ﬁ, &E’JI _,5/\ :} 4 o Ii‘_A?\ _+,_,r ﬁ‘&["%; ) T e
CMP fl iz chl e+ B AT I E M R A2+ BHF|EREFF=x > e AIC & -
#HE2 L HciEdod S AT

# 4CMP @Az & E£

LY EEE | A5 A &2 A& 3 A &4
ol 72.767 | 76.135 85.283 81.143
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4 SCMP 4 - e s

Lpr= s il AIC &

wel)l ¢ ¢ | ¢ | O | AIC
(1,1,1) | 0.075 0.846 | 282.005
(2,1,1) | -0.030 | -0.106 0.792 | 276.758

(3.1,

1) | -0.011 | -0.075 | -0.041

0.79 | 275.057

P Bt 69

d 257 BESH G S 285 ARIMA(3,1,1) » FJt P 8| ¥ L 4 o1 5

(1 - ¢1’1B - ¢i232 - ¢i3B3)(1 - B)lﬂi(k,-) = (1 - Hl_lBl)gl_ (kz - 1) (79)

AEE A E 2357 AL B34 60 CMP 8 SRS k4o 4 #rw o

§ A 62 RET A

L4

% 6 m IR E R E(CMP 5 5)

Output

EKF Time Series | D-EWMA | Time-variant-EWMA
MSE | 3.8012 | 4.2104 3.9558 3.9558
100 T
Real
g5 | =——EKE
Time seties

— D-EwhA I
Time-varying D-EWwha,

. 1 L
B0 80 100
Run Mumber

L L
120 140

B 4w fEIFRIS 28 RA TR IERE % B BI(CMP 48 5)

-16 -

B CMP 57 sk + & gk B2 oic /g ot B B R

7

“~

PL 3

S8

3

8



—_ \\\?{r

N

AR B LR R E 2R R B 3 2 L R R e

'kr’é‘ﬁt" » T Fﬂﬁﬁlﬁil%ﬁ-—#gﬁﬁg 1+ m“ﬁ:ﬁgﬁi}% ’ E’?H;? % fé.li?f %/\/vh% "L ’W’ﬁlﬁim 5]’3'1

FIE - HBHEADR o HRE T RS E T FRFIE AT HEEHEF FLEFAD
i R e AP FHEFRETUETNT B
1. §1* AVONA &~ {7858 R F A * » 7 g * >0 L S glim e s o R N

Al BRI R A dpd] o LT URSCIERGREL S > RIFREL B 9};-—:?&0

2.
3.

d IR gk W A oori a4 o] B 2 B Al B U g o
dO RS R B Sl g B EE 0 R B dloci vt D-EWMA -

D-EWMA fep B 7|42 4] B { % B8 o

9 3 h % p

AR AR B B A SO R B TR s A R Y o I SR

cwv A 2 R AR FECE B R ERUAR P ERET o A FRE S T PR

. 242 ER § D-EWMA 4% % D-EWMA 4 E -FRRIIHIREFRF ARG EF

&/&/ﬁﬁﬁ:] % °

A o

%o B ECEUR bR ARAR M AR o

2 FEBBE (D i %R Fos 37103040 B AZSS -

=S ERFEE ARIMA(p,d,q) -2 4p B 4250

ZAERF ik BAM AR o

SR HCRUR B B SR B AT SR T R b ] B e o

TR RSO AR I E i

RS EHT o AFETEF 2R P A BN H CMP R | ARG sl Bk a0 &

BuR X Emgmdl o E %84 2 K% LRSS E[50-51] % - 2H
L 4[52] -
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