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A Thermal Model of the RCA Cleaning System and

Adaptive Predictive Temperature Control of Cleaning Solutions’

Shuichi KuroaGr*, Takeshi NisHipa*, Hiroki NOBUTOMO*,
Takako SAKAMOTO™*, Mitsuru MIMATA*** and Katsuyoshi ITO***

The RCA cleaning method is the industry standard way to clean silicon wafers, where the temperature control
of the cleaning solutions is important for a stable cleaning performance but it involves difficulties such that
many of the cleaning solutions show nonlinear and time-varying exothermic chemical reactions, the system has
long and fluctuating time lags owing that the cleaning system has special equipments for dealing with corrosive
cleaning solutions, and so on. Here, we first present a thermal model of the system, where by means of the DSC
(differential scanning calorimetry) method we analyze exothermic chemical reactions of the cleaning solutions
such as SPM (sulfuric acid/hydrogen peroxide mixture), APM (ammonia/hydrogen peroxide mixture) and HPM
(hydrochloric acid/hydrogen peroxide mixture). To control the temperature of the solutions, we use adaptive
predictive controller, where the adaptive method is used to cope with the nonlinear and time-varying exothermic
reactions, and the predictive method is for overcoming the problems on the time lags. Further, the objective
trajectory is designed for limiting the overshoot and eliminating the steady state error, and a new sampling
method called virtual sampling method is introduced for reducing the required memory size and the calculation
time. We show the usefulness of the present thermal model and verify the performance of the present controller
through computer simulation as well as the control of an actual system.

Key Words: thermal model of the RCA cleaning system, adaptive predictive temperature control
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Fig.1 Diagram of the RCA cleaning system
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Table 1 Description of variables

p[W] input power

Phy Db[W] power by exothermal reaction at the
heater and the bath

On, 0, K] temperature at the heater and the
bath

0p(K] temperature measured

0o{K] temperature of the outside

Vi, Vp [m?] volume of the heater and the bath

Ly, Ly[m] pipe length between the heater and
the bath »

th, ty[s] time lag between the heater and the
bath

q[m3s~1] flow rate

S[m? cross sectional area of the pipes

plkgm 3] density of the solution

Clfcal kg~ 1K~ !] | thermal capacity of the solution

TB[s| time constant of the thermometer

kols™1] thermal conductivity from the out-
side to the bath

B LMY P R B ERRE LTEFMEL, A
AR A R KD 5. T EHEE € — ¥ NS L0
L =g b SR AT TOMEES (M, b—s#ke
IE3) L 5D OIS (RS LIER) LICSEL, &
HEOREG—HTH 2L T2, EFVERET200E
%3k Table 1 TEHETAH, EX LydRy 7L 740
7 ORFE S WIS 5% b OB L L TIE L EROREDE
SR L OTHS. FRREOEREL G — 5L ik
GO RS ZILZ I vy = Vi + LnSE vy = Vi + LyST
Fb¥. THLEEMOBDBADZEL LT EICLD, %3t
O AT

dop,
vnpC— = (=0n +0s(t — t4))apC +p+pn, (1)
do
vprd—tb = (=0p + On(t ~ tn))gpC
+(00 — Op)kovppC +pp, (2)
7',3-(—1—2—;2 = —0p + 6p(t — tB). (3)

ST — 5L REETOMERCIC &L 2 BEE pp & ppld
EERIC L D RL Y, ZoFME, ShEc, Hohicgh
Thh ooy, EFEICBVTIEREIZ L 2B 575 -7

2.3 EERORBRENDETIL

RCA #i%ICHW 5 SPM, APM, HPM 7% & O RA WX
REBEE» SRR EEI e bFEneEIL, &
RO TPHIRRBICE LA (L 2w %y
BR). —7, COIIRRBRIEOT A+ I 7 AR
LEEB L L TnEkLZ#est (DSC; Differential Scanning
" Calorimetry) #5% % 9. I 0 REII/NE % W B IRAF
L& ET 2% ANTREL, 2ORANLYHLHEET
ML T L ZoREoRBRELFHTLZLICXD, B
BEIBD/$5 A— ¥ % DSC 0 DI ETS T HEEIC
FETZIENTEL. ZOEEYHWT, SPM, APM,
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(a) For SPM (H2S04:H20,2=5:1), the parameter values
identified are In K, = 18.15, E, = 76.85[kJ/mol], r = 0.63,

» = 124.6[1/g].
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(¢) For HPM (HCL:H202:H20=1:1:5), the parameter values
identified are In K, = 23.46, E, = 78.99]kJ/mol], r = 0.93,
H, = 181.8[1/g]. ‘

Fig. 2 Results of the DSC analysis. The curves recorded were
obtained with raising the temperature of the solutions
at 10°C/min.
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Fig.3 Trajectories of the temperatures measured and calcu-
lated, where the percentage power p, which generated
“Op measured”, was used to obtain “Og calculated”
and “'03 calculated with H,=0".
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BF—5RBLIENHL Y, SOHICEREBNEEL, OB
MTHYEITOUITEITLETER Y., T ) sERE
BIRD AT A ERT S I THEL T VIRIEE
CHBATHS. 7L, Fig.305bbhskdic, £
F LOEREF — 5 LTI L BEHERRICEI BT EE
DT BT, £V AF ANOIBHEICEL ToOREIR 5
B NLENR D B.

3. SESTHEHME (APC)

HEHELIR LREFVICHEAL TRVWEREE RLAAZa -
VA P ERVAHIEEES LREDTH LY, BEMRD
DAY P U—=FITHEBRL TwD CPUF v 71T 2K /Y1 b
O RAM B L PR T E R VW E VI TN D Y, FoFiE
FEBICBEATE TRV, 2 TEBICEATETSY,
o+ GRS O N FEOREY LUTFICR Y.

FPERBMAREVIESRICO 2 FHELTM
LN TV S — L FRIF# (GPC; generalized predictive
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%. I THEVRRERIE ya(k+7) & FRRDY(k+)) D%,
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3.4 EEYLTYLTE
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L33 E, o(k) SEREHOM ¢, + 6,2 S X T B
i, (k) ORTEZIIFEFICKRELLLZTFE RSBV, 2k
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Fig.4 Virtual sampling method. The dotted curve shows z(t)
and the heavy solid line segment indicates the linear
approximation of z(t) using zy,_1 and z_o.
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Fig.5 Responses of the SPM controlled by (a) the APC
with 71 = 2100 and 72 = 6000, and (b) the modi-
fied PID controller with Kp = 0.12, K = 0.000042,
and Kp = 0.10.
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Fig.6 Responses of the SPM controlled by the APC with
71 = 2614 and 72 = 2400 for the real RCA system.
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