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Figure 1. Experimental setup for measurement of the
state variables of a dry vacuum pump.
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Table 1. Listings of measured state variables and

selected sensors.

Measured state variables Selected sensors

Pfeiffer vacuum,

Inlet pressure  CMR 362 (110 mbar) +

Pressure MaxiGauge
(mbar)
Exhaust Trafag, 8489 model
pressure (1.6 bar, absolute, 0.2% F. S.)
Taewa Trans.,
Supply 00T PUTR vt (1004, 0.2%)
current (A) Dry pump Taewa Trans.,
TZ84V/L (1004, 0.2%)
Accelerometer: Endevco, model 7210—100
o (Uni—axis, 100g, 1%) +
Vibration  Booster pump 1 136 Amplifier
acceleration
(/<) Accelerometer: Endevco, model 2230EM

(3 axes, 500g, 1%) +

D
ry pump Model 136 Amplifier
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Figure 2. Measured sample data and their distribution characteristics.

4 Ao At 93l AR vz o 714 E S
FAEE - e (idle’ State)i TEETh F2E J
o] FU HEE W Fig. 2 (a)ollA o] F+ AEle &
Aol w2 7k Fake] fiirel oJsf 2leEe] FAA
Aol &4s] RS & e, gk F Ay FH2
9] AH] AF 2159l Fig. 2 (o)A = FASE EHE0] 3
SHs & F AU o F SA dlolH= 7k Fak A
B} 1 AES] S 255 FAA Bt AR B
AFold-e HAATE il = AERsE A9 gl
Batgkoll FHEE = F AArh 22 7k FapdEel
A= EloE7E A A9 shek AA 22 wEE]Er
A AsE TEE B

Hol= HloJ§o|H

7}~

1=
5

Time (hour)
(d) Dry pump supply current data
Dry Pump Acceleration _ 38 B8 BB g B
Distribution
| I‘ | A
i | | i |
1 2 3 4 g B
Time (hour)

s st 57
2yg gfﬂu}. :qu_z

EEPEE

(e)s} (f)oﬂ 1]l nje}
- itk

2po)E HolA] P

>,
)
,
«
Lo,
B
jur}
o
i
2
ol
AN fr o o
Kl
to
[
i)
o

(f) Dry pump acceleration data

2 (D)= Edfo] I T

ofy o,
i,

4t
[
o

2 FHow ) $xg =
PR

167

Al ek e 28] 44



IV. 489 A 24

[e)
1. A&

3 QA ZE(APM)

PA Fig. 29 (a)F-E] (d)of] HQ1 sjo]e] FazofA &l
Skolo] 7k Hal AdEjell A HolE & T2 Hjx| ] A
74 A (upper boundary)®} - ZAl(lower boundary)ell

43Hon 2. 1ue golge 1% He vi
o i, = Waghe] AuA EAS A wjHe] EAo

2 oEshe QAR 28T 5 U BIRE] AGH W
5 54 mRe thest 2ol e 4 9l

ykj,l:aan-i-bk (D

N- Zn ykn Zn zykn

n=1

N';"z—(i"j (2)

n=1

a, =

N N N N
DILEDITFED WD I
— n=l n=1 n=l1

< vl
A2 71e7]0la pe= 29 37] A9 grolrt. 7]
=7]¢F AW P2 Eq. 29} Eq. 3& AREste] A 5744
{Vin, n = 1, 2, -, N}SEFH ST ol 3zt
k= ek - A 2o S 913 HAfelh). o]
= A A Al 1 U7 el A7 QU 2

168

5} Felahth, uhebd] S48 A 2dst 54 vlolelsh
AT,

2 150% uwiq A A ) A 5
AAZ dlo] Eq. 19] 12 4% W o] 8aie] 7t uA
S TR Aol shte] s dolE s
6719) WA 8l ZA7ke] e med @

flo i Hz _VE

:[m
lo
Jl}v
o,
rzl m
iy
fill
—
oX,

T3z 132 ¥wakyy, £ 6%

w3 uA] HlolEE ARAo® F 367]9 RHdAE F

HAET}, Fig. 304 YERd 22 A58 Table 20| UE}
Ak oA v o] vlolElE YA} gre] A B

A= FFAAE gkes WHE 2 A7 ot
AE o= AR [7,8]. 2 A= oy s 488 AR

mdo] faA HFol 2HE W] =)

o,
Iz
o
[0
e
o
é
o&
12
1o
_l
i)
rd
2
O

AN T 2 TAE u}a}um SED q]ﬁ
o] Aol ji= wixe] EHls depdit,

Xp=|a, b, o0, a; by o4

b (5)

Journal of the Korean Vacuum Society 20(3), 2011



Pressure(mbar)

i i

B0 100

data nurnber (one data per 1 51102 seconds)
Booster Pump Current

12 T

Currenti&)

S

. ; i i i

1 1 1
20 40 =00} a0 100 120 140
data number (one data per 1 51102 seconds)
Booster Pump Acceleration
T

Acceleration{rn/s? - rms)

a5 i i i i i | i
20 40 =] a0 100 120 140
data number (one data per1.5X102 seconds)

Exhaust Pressure
T

1055 T

1050

Pressure(mbar)
=]
=
[in)

=1
=
=]

T R m s

\0 ; i i ; i i

I
20 A0 60 a0 100 120 140
data number (one data per 1 sxi0? seconds)
Dry Pump Current
166 T T T T

1 1 1
20 40 B0 a0 100 120 140
data number (one data per 1 55102 seconds)
Dry Pump Acceleration

Accaleration(mis? - rms)

10 i i i i i | i

20 40 B0 a0 100 120 140
data number (one data per 1.5%10° seconds)

Figure 3. Gas loaded batches reconstructed by the APM algorithm.
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Table 2. Model parameters evaluated from the sample data of four batches.

Pump operation Process G1 Process G2 Process G3 Process G4
State variables Region Symbol (3109s) (3117s) (5605s) (3118s)
au -8.00x107* -3.13x107° —-3.57x107° -1.61x1072
Upper bound by 1.92x10 ! 1.78x10 * 1.82x10 ! 1.67x10 !
Inlet pressure ou 3.91x107% 3.42x107 4.87x107% 2.51x107
[mbar] ar 1.97x107° 2.41x107 1.57x107% 1.18x107°
Lower bound br 9.55x10 ° 9.24x10 ° 9.43x10 ° 9.29x10 °
oL 1.95%107 3.40x107° 1.37x107" 3.50x107°
au -6.98x107% 3.39x107% 6.79x107" —-1.20x1072
Upper by 1.05x10 ° 1.05x10 1.05x10 1.04x10 °
Exhaust bound ou 3.03x10"" 3.17x107" 4.88x107" 2.78x10""
p[r;ijf]e o a —9.26><10_j —6.96><10_j —1.69><10_j 7.98><10_j
bound bL 1.04x10 ° 1.04x10 ° 1.03x10 1.03x10 °
oL 4.49x107" 2.48x107" 4.84x107" 6.57x107"
au 4.17x107° 2.08x107° 1.78x107° 1.54x107"
Booster Efﬁfg by 1.11x10 © 1.12x10 | 1.12x10 | 1.12x10 "
pump ou 3.38x107 2.22x107 2.21x107* 1.66x107*
current ar -1.38x1072 -1.19x107° -1.99x107° —-2.40x107°
[A] Lboweé by 9.07x10 ° 8.97x10 ° 9.07x10 ° 8.9610 °
ou oL 1.69x107 2.09x107° 4.05x107* 1.82x107
au 4.62x107° 1.23x107* —4.43x107° —-1.94x107°
Upper by 1.57x10 ! 1.57x10 ! 1.58x10 1.57x10 !
Dry pump bound ou 1.67x107 3041072 3.67x102 1.95%10~
Cu[rzm Lower ar 1.78><10’j 1.09x10*j —1.76x10*13 —8.90><10’:
bound bL 1.53x10 1.53x10 1.54x10 1.53x10
oL 1.75%107 2.12x107° 2.20x107% 1.44x107
au 2.88x107 3.33x107 2.35X107 4.10X1072
Booster Eﬁffg bo 5.02x10 ° 5.29x10 ° 4.96x10 ° 5.57x10 °
pump ou 1.30x107" 2.05x107" 2.06x107" 1.98x107"
acceleration ar 3.47x107" -1.05x107° 6.70x107° 6.95x107°
[m/s’] toweg br 3.60x10 ° 3.70x10 ° 3.49x10 ° 3.72x10 0
ou oL 3.74x107° 5.63x107 5.63x107 5.94x107°
au 1.04x107" 3.80x107" —5.59x107° 3.57x107"
Upper by 2.60<10 * 2.73x10 ! 2.88x10 ! 2.87x10 !
aljzle‘:;?gn bound o 1.30x10 3.13%10 ° 3.25%10 ° 2.69x10 °
/<] Loner ar —-2.51x10 13 -1.89x10 12 8.85X10 j 6.27x10 j
bound bL 1.19x10 1.19x10 1.15X10 1.16x10
oL 2.25x10™" 2.53x107" 2.48x107" 2.99x107"
V. AeAdx} 2 oz X Z4% the FEHRTES A9 o= 3Y Fejo )
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Table 3. Computation amount of DTW processing with one batch. Processing step equations are cited from the

equation (22~24) of Ref [4] (Nrow :

~300, Ncor :6, Iteration number :10).

Equation

Approximated computation number

1) the local distance processing step:
d(i:j)=[Bi(i9:)_BREF(j::)]' W'[Bf(i!:)_BREF(j’:)]T

P 3
2XNrow XNcoL

2) the minimum accumulated distance processing step:
D,(i-1,/)+d(,j)

X 7
DA(Z'%].)min{DA(il,jl)‘Fd(l',j) 2XNrow
D@, j-D+d(@, )
3) the weight matrix computation step:
shil - 3XNrow*Ncor
Wi, j) [Z E Blk.j)]?

Sum of total computation number

Nirow>< (2> Nrow*Neor*+3XNeor,+2)

~3.8%107

Table 4. Computation amount of APM processing with one batch (Nrow :

~20, NcoL @ 36).

Equation

Approximated computation number

Upper and Lower bound separation

1,500XNcor

1) slope coefficient (Eq. 2): a

2
(Nrow” +2Nrow) XNeor,

2) initial value of batch (Eq. 3): A

(Nkow” +2Nkow) *Neor.

3) standard diviation (Eq. 4): ok 4XNrow>Ncor
. (ZXNRQ\&’2+8><NRO\V+1,500)XNCOL
Sum of total computation number 8.9x10*
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Table 5. Comparison of the data storage space requirement per one batch data using the size of state variable

matrix and vectors.

DTW APM
Matrix Size Matrix (or vector) Size
B 3006 Max value 20X36
Bret 3006 Min value 20%<36
d 300x300 Mean vale 20X36
W 6<6 Coefficient of equations 2X3
Sum 93636 Sum 2166
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Study on Vacuum Pump Monitoring Using Adaptive Parameter Model
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This paper introduces statistical features observed from measured batch data from the
multiple operation state variables of dry vacuum pumps running in the semiconductor
processes. The amplitude distribution characteristics of such state variables as inlet pressures,
supply currents of the booster and dry pumps, and exhaust pressures are shown to be divided
into two or three distinctive regions. This observation gives an idea of using an adaptive
parametric model (APM) chosen to describe their statistical features. This modelling, in
comparison to the traditional dynamic time wrapping algorithm, is shown to provide superior
performance in computation time and memory resources required in the preprocessing stage
of sampled batch data for the diagnosis of running dry vacuum pumps. APM model-based
batch data are demonstrated to be very appropriate for monitoring and diagnosing the running

conditions of dry vacuum pumps.
Keywords : Vacuum pump, Diagnosis, PCA, APM, State variables
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