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Pl Parameter Optimization for Pressure-Based MFC (D700) Using Gaussian Mixture Model
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A vast number of mass flow controllers (MFCs) are used in semiconductor
industry. An efficient production method of MFC is required. The gain tuning of
the proportional-integral (Pl) control to realize a setting flow rate is essential for
efficient mass production. The gains are tuned to meet the specifications
required for evaluation indices of response time and overshoot amount in a step
response waveform. In this paper, we propose a simple method for the Pl gain
tuning using the Gaussian Mixture Model (GMM) and the direct inverse analysis
applicable to the pressure-based MFCs’ production. The relationship between
the gains and evaluation indices for a standard unit of the MFC is modeled as the
GMM. The direct inverse analysis calculates the difference between the standard
and a test unit. Under the assumption that the difference can be compensated by
a simple shift, gains likely to meet the specifications for the test unit are
searched. We applied the method to seven test units. The result showed that the
gains of all the test units were tuned within only a few iterations.
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Figure 1 Internal structure of a pressure-based gas MFC.
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Figure 2 Block diagram of Pl control system for the pressure-based MFC.
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Figure 3 Step response waveforms of standard unit at (Kp, K;) = (Kpo, K;)s
(1.50, 0.50) and (0.50, 1.50).
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Figure 4 Distribution of the deviation index z for the standard unit (See
Eq. (3)).



HORIBA Technical Reports

HERBOPIS 1 R

WA v & x =x0k LT, BRI AT v TISEWT
FRET 50 b L, RBHOD(x,y) SEEED S O 13
I LT HAUL, $EEO Y ZEIRE AR 2 723 2 2107
Do RO Y PHREE S S VA, ¥IZHT 2GMMO
SEAAT A & L, BEUERE X [ Ly A S B T A
2(Rp R) KD SN D, GA LN Y IZBT b x OHERE
ElE, WA THETE 2,

ng

p(xly) = Z Wy (xX]y, 1y i 2y i), (7)

i=1

zZT, pixly, By yyi) TRy 1 Dy BE G2 5172
YOTTH, XO)IZBTL i FEHOH I ANAIZB TS
X DWMERFEGHTH Y, 0y TR TERSNLEART
H5bo

T[ip(yluy,if 2:yy,i)
ST
j=1 TGP\ Ry j» 2yy,j

Wy, =

8

BZONylZBT L i HHON I A54 D x D327
FMIVIZIRD L) ICFHE SN S,

m;(Y) = po; + (¥ — 1y ) S50 i oni 9)
B D z AR REAERE D A % x IANZY 7 S A 72
FCHEMICER LD EIGETAH L, FrizllEzS N
X,

x = x,+ Ax, (10)

WERERAR IR L, YolldEVy 252 52 LIS NS,
CIT, V7 MRY MV

Ax = (Kpo — Kp, Kio — K)), (11)

TH 5o L\ x THOMREZ 2Ty 2S5 R WE,
FAZ I E n D3 DR KM N qp (E L ZWIRD ) W L
LNV BEENE, TOFIHEO 70 —F v — b %
Figure 5I12F &5,

Start
n=20
x = (Kpo, K1o)
Waveform nen+1
acquisition X e x+Ax

|Ax= (Kpo — Rp, Ko —K;) |

%= (KpK))

GMM
Direct inverse analysis

Meet
specifications?

Yes

Figure 5 Flow chart of PI tuning for test units.
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Table 1 Results of Pl tuning for test units

Unit no. (Kp, K;) T, (ms) Qb5 (%) n
1 (0.91, 0.88) 82 0.214 2
2 (0.94, 0.94) 86 —0.061 0
3 (0.97, 0.91) 86 —0.165 1
4 (0.90, 0.86) 84 —0.161 4
5 (0.90, 0.85) 88 —0.228 4
6 (0.93, 0.89) 84 —0.118 1
7 (0.99, 0.98) 84 —0.174 1
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