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Temperature Control of RCA Cleaning Solutions via Model Switching Predictive Control Using

First-difference Signals and Bagging CAN2

Shuichi Kuroar*, Yohei KosHryAMA™* and Hiroshi YUNO**

The RCA cleaning method is the industry standard way for cleaning silicon wafers, and the temperature control
is important for a stable cleaning performance. However, the difficulty lies in the fact that the RCA solutions
cause nonlinear and time-varying exothermic chemical reactions. So far, the MSPC (model switching predictive
controller) using the CAN2 (competitive associative net 2) has been developed and the effectiveness has been
validated. However, we have observed that the control performance, such as the settling time and the overshoot,
does not always improve with the increase of the number of learning iterations for the CAN2. To solve this
problem, we introduce the bagging method for the CAN2 and first-difference signals for effectively embedding
the bagging method. The effectiveness and the performance of the present method are examined by means of

numerical experiments.

Key Words: temperature control of RCA cleaning solutions, first-difference signals, bagging competitive asso-
ciative net, piecewise linear approximation of nonlinear and time-varying system
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Fig.1 Schematic diagram of the RCA cleaning system
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Fig.2 Schematic diagram of the CAN2 for learning
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Fig.3 Time course at the nj; = 100th iteration controlled by
(a) the conventional, (b) the differential and (c) the
differential and bagging methods. The variables repre-
sent as follows; p[%)]: the percentage input power rela-
tive to the maximum power (6000W), 5[°C]: the bath
temperature measured, E[1074(°C)?]: MSE (mean
square prediction error), Ts[s|: the settling time, and
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Table 1 Control performance at ny = 100 for differ-
ent (ky,ky). The units are 0g[°C], Tg[s] and
E[10%4(°C)?] at t = 8000. The notation “-” in-
dicates the failure of the control.
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(2,2) |0.84 426 2.9/0.91 438 2.0|/1.88 392 2.0

(3,1) [ 230 992 4.9|1.06 419 2.3|0.63 405 2.1

(

(

conventional differential

3,2) |1.85 405 2.0(1.84 392 1.8(1.50 399 1.8
3,3) | 6.10 1321 8.0/1.26 403 1.9|1.52 397 1.9

WEEZIFILVOTE RV EEZ SRS,

4.2 FIHEFB OB R LBERICHT 3 HI5MEEE

F97, B & FE O & LA ny, = 100 BIHIZBT
LHIEMERER, 1<k, <3BIWk, < ky IR L TRDZ
b D% Table 1 1R Y. MERFETIE (ky, ku) = (2,1), —
REGE D FETIE (ky, ko) = (3,3) OBEICRIARE
2°C LT D 0o OHHINER SN TWD A, OO
b 0o <2°C &7z LD T/ E 5 Ts LN TV LY
HELHDLTEDDNSD.

DEIZ, ny DWINCHT 2 0o & Tg DEALD L H %
Fig. 4 lIR Y. SOMDS ny OWEIME D200 & T W°
KELEHTLHEDTH Y, 51 g (T 2 HIEMERED
PEELTRIFELLRWEEZONL., ZORMBMS, it
kT3 (Fig. 4 (a) @ (ky, k) = (2,1) 1, TXTD ny 124
LTl <2°CTHY, TH/hS 0Ty Do N72NT 28T
BHBEVZD. 12FL, 00 3 TFITMN, Ty & RICMOER %
B, NS BIRIED/NG AT DH % . 0o < 2°C T Tk
RTELIEZTNELLT D) HlMEREE M LS 572012,
GPC D/NF A F N\, 2L T (4.3.12R), Tg #/h&L
TEBLD, O W EFITKEL A, LW T, A EFELT
0o % 2°C DEETEHT AL L HICT B E, ny OWIME LD
12 Tg BRELEHT HHE (Fig.4 () D (ky, k) = (3,2)
D 30 < nyy < 45 FHED Ty ZHE) MHEZ 5. %8B, ny > 30
IZBWT, (ky,ku) = (3,1) % (2,2) 1T 2 0o R Ts D%
BIANS L, A ZIRELT, Ts 2 T09/hE< 52 LT
X7oh, FNEOMERIZOVTIIMEBOME L, HET 5.

—REFDHEH DT (Fig.4 (b)) TI& (ky, ku) =
(3,3) & (3,2) DS ny > 40 TRELFEREZR LTV S5,
HHREORIEE b O/ A AR EBIIEES NS, ot
LT, —RKEGNE Y 7 (Fig. 4(c)) & (ky, ka) = (3,3),
(3,2) BLU(2,2) TRELIMERPHELNTBY, ny > 40
2BV /N AR ZEB ORGSO TFHEL D /RS VT & h5b
nh.

D ED#ERIE, —KEGNF Y 7L 3 DOTHEOH T g
T OEFHDHRO/NE VT EEZRLTEY, FERTHET ng
BN ST HEPEREDSL T L b O St W IRE & HE
TLEMNGTFETHLILEERL TS,

4.3 INT X ZEOHIBMEENDFE

DLEOgERIE, /8T A 5 EE EYICHEE LR IUEES N
T, 22T, DT, KRFEOTERINT 257 OEAHI#ETE
BEICE- 2 B BIZ OV THET 5.

4.3.1 BERAEHOESL N,

GPC D/3F7 A8 X\, 13, BFFIB WY > 7Y »
TR L DR OLE AR 28 E B H L (A1) XE
M), NS N, FHEM L FHEOEEZ NS ST L LD
WHRET 20T (A1) ROE 1HSBH), fiRE LT, hE
A NEF = N=T 2=k O WIS 2@ ELD 572 L
FEOEBRTHWZ N, Oftild, (ky, k) = (3,3) 1239 5 —
REGORE D TEE (ky, ko) = (2,1) 12T B0EHRT
DS, 1ZIZFE CEER & 2 5 X 9 ICHRE L 24 S (Table 1
Z), TN A, = 0.022 £ 0.00495 & % >7z. 1,
—RESPIERTFE LD 4 (=0.022/0.00495) fERKE 7%
A THWTD O ZHHITE-Z 2 BT L EEDIC, —
REGHEOTHFEZE E = 1.9 (Table 1 1) 135tk FH:0
E=29X0)b/ Eho/zl bR THEEZ5NED,
Al 2 BRI AR OBRETH L.

4.3.2 NP A X a

INTHA XM ald, LRORHADS, ng 120 LTEEL
7R A R T IE A R E T RETH B DS, ORI
E7%w., Z22TWLODD a lZx LT, ny (x5 A Hl#ETE
BEZ RO MR E Fig. 5 () IORT. ZOMMSIE o =07
B, nyy OZALIF LT 0o < 2°C DOREL TIE % Ts
FEHLTVEIDOTRWMETH S LEZLNLH, blvbh
X, =003 %A L7 ZhIZ, T, NFVT
CAN2 ORFT#ERIDICL B &, PRI REEBOEM S 2
HARTIFT = S BHPIFFIIREVE 1, adVhSnid)
WIALEE ISRV EEZ 6N L L L BT, a = 0.03 IZkF
BENTHOF =5 Bl na = 960 HTH Y, N =510
Xl E b DR MRIEE A 1772 ) 1CiEHaRkEneE
ZoNDLENLTHDH, 61, NTHTFT=4 T a=07D
L ED na = 22400 DK 4% & 7 5 O TEZHEEM DD 7 D
i CTEbEVHIERLDL. T/ ng =100 12BWTd
INE Ty DRSO NT2T L, ny OBINIHT LT 0o 13i%R 0
IZHIINL, Ts 3R T 545, ZOZALo#iFiE 2z
BEREL L, ny =200 TTERELTD g =1.57°C &
Tg =396s L% >7:2 &, BIUONNARGRZEALDOIRE L /NS
W ERENETOEND.

4.3.3 L=y MIN

CAN2D2=v M N % 1,2,3,4,5,6,7,10 & L7
EOHIEYEREZ Fig.5 (b) IIRT. &8, N=10Tg 32
DOEDOFRFEHIZA ST, ny = 100 I2BWT Ty = 870s T
Hotz. TOEMPS, 2< N <6 IR LTI, ny OWEINE
EBIZ 00 & T5 I 3ENETND LMEIZPOET 5 & 95 5Lz
LTWhIEeDdbhbh, TN Fig.5(a) D a Il 5%
ILEMSNICHEL > TnA, NF U7 CAN2 I X 2 BB
BRI BT D128 28, a & NiFEBIZ, FlET—
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Fig.5 The overshoot 6 and the settling time Tg versus nj for the differential and
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YO RMDT =5 % TS 5550 2 e T 58
FAYLELTRZONDA, KFEEICBWTE, o« & N
AT — 5 B 2L S5 DT, L) B EET R
OUWEDZENDPELTWEEEZLND.

4.3.4 NT¥b

NTHE b % 10, 20, ---, 60 & 2L SR A OFIHMEE
DAL % Fig. 5 (c) ITRYT. THHDOD S b > 30 TIEIFR
CHIBPEREICPOR L TB Y, NZHb 2 RELTH LT

7 CAN2 OPULEAEDULHE T 5 &\ D) R R 1D L gy
L. L2L, a® NISHT2 EROBELEET L&, k&
7 b2 & ) NF T 7 CAN2 OPULEESI AR % 0 Tl
BEb IR L7 E MfISHR DT A 2 I3 TE v, NEV S
CAN2 OPALEETT & RBIE T2 51T 5 HIEITERE & OBIGRO
X0 PRI BRI, S OWEE T 5.
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5. #& Ei

KFFClE, FEHIERZD RCA PSR OREFIH O 72012
ek & W BIZE LT & 72 CAN2 % I\ 2 & 7V G030 1 48
ORMESE YL LT, fEROI= Y MEIEICL DG 7
TR 5HRBT BRI, BRI T 5 A7 M VORIGH
FEOME, T — 5 hOLBI % 858 3 5 WE % 5
L, = REGENAF VI LH LOFEICL)ZNHD
FIREICH LT E B 2 &R L7z, BHERERICE Y, fEkT
DI & 58 O ) K L o CHITEEREDSE R 22 2y
BN /NAN I BT % T 2560585 2 L ERL, —RED
ENF VTG LFRICED, ZOEHPLD/NESL RS
ZERIRLIZ. NEY T CAN2 OPULEES & AHIH T2 X
HHEVERE & OBURIZEZAH LA DY, 48, BETT
EETH .
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A. NF¥>J CAN2 & B3 —f%{EFRIHHE
itk CAN2 L [FFEICNF 7 CAN2 I2BWThH, &l
WA §CTT I FORNE TS B 720 0@EBITH] M A

BONBLOT, HERTHED L ABICATET S — LT HH
#Hl (GPC) #LTO L) ICHAT A EHTE S, TR
LT REFHMBE S %

Ny Ny
. —~2
J = E 82(]+l)+/\ug Au (j+1-1), (A.1)
=Ny 1=1

EFh. 22T, e+ =ya(G+1) —y(G+1) FEENT
ya(G+1) EFMBEN g +1) LDETHY, N1, N2y Ny B
IO N, BERTHL. 2812 T %

J = |y, — GAu — p|? + M| Aul? (A.2)

EERT A, 22Ty, = (ya(G+ Ni),--- ,ya(d + Na))T,
Au = (Du(f), Du(+ Nu —1)T BE p = (p(j +
N1), o p(G+N2)T T o, S512p(j+1) WA Au(j+
H=0(=012--) x5 (11) X& (12) X215
/BoNLETI7Y POBAILE yj +1) THE. 72475
G O AT j T Gi; = gijen, THERABN, g 1
1G-D=aG-0)=0(01<0)BXral)=1(01>0)1
w5 (11) e (12) A SBoNns 77 v FORMEZ T v
TIE GG+ ThbH., $5HE JIF

Au=(G"G+ I 'G"(y, - p), (A.3)

WX DRSS, TOHE 1 EREZHCTRE j 2B 5%
BETMANAGG) = ulj — 1) + Au(y) EKE 5.
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