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ABSTRACT

The evolution of semiconductor manufacturing technology has accelerated the reduction of device dimen-
sions and the increase of integrated circuit density. In order to improve yield within a short turn around
time and maintain it at high level, a system that can rapidly determine problematic processing steps is
needed. The statistical process control detects abnormal process variation of key parameters. Expert sys-
tems in SPC can serve as a valuable tool to automate the analysis and interpretation of control charts. A
set of IF-THEN rules was used to formalize knowledge base of special causes.

This research proposes a strategy to apply expert system to SPC in semiconductor manufacturing. In
analysis, the expert system accomplishes the instability detection of process parameter. In diagnosis, an
engineer is supported by process analyzer program. An example has been used to demonstrate the expert
system and the process analyzer.

Key Words : Statistical Process Control (5413 23A1°]), Expert System (BF7} Al2%1), Control Charts (#2]%=),
Process Analyzer Program (3954 =& 13)
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Fig. 1 IDEF0 modeling of semiconductor FAB
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After Etching

(e)
Fig. 2 Photolithography processes
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(1) PR(Photoresist) Coating

(2) Soft Bake

(3) 4 (alignment), =% (exposure)
(4) @73 (development)

(5) Hard Bake

(6) 8% A (develop inspection)
(7) 22 (etching)
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(8) PR(Photoresist) Stripping
(9) 417} A At (etch inspection)
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Fig. 5 Production and measurement processes
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Table 1. Spec of measuring processes

Process | Measurement Spec,
Name Item Max. Min. Target
ACI-CD1 058 047 052
ACI-CD
ACI-CD3 0.56 0.46 051
ADI-CD1 0.56 0.46 051
ADI-CD
ADI-CD3 0.64 0.52 0.58
T-SIN 1,677.50 { 1,372.50 | 1,525.00
Thickness
T-POLY 78541 | 64261 | 71401

Thickness of Film o] g o] & 7]1& A Rolt},
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357t di-EolH, olue] F8 Qo2 HE S(ret-
icle) W7 9F, x3% M) B3 JsA0l 2A9 BA]
3 #49] egoz FR¥ 4 A o %7 (Thick-
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A HLED 874 894 9l Yehdt £ =R
£ Fig. 67} o] 13 #ojAE TA&YEY, Rulel®
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g2 F& dHvEE g FHolx, Rule9dlA
Rulel4 223 Rulel5%-H Rule217HX& ADI-CD#
7} Thickness#tol G8& Folx 72 o2 ACI-CD
#ol d32 FE ey o dig FHo|tk. 71N
Rule73 Rule8& ADI-CD9] CD13 CD39 #< AA}
3 3 ola, Rulel3% Ruleld: Thicknesse] T-
SIN# T-POLY# & HAsHe #F3olt}. o] s} o] 74
& ol ACI-CD#tel 24 42tz oa)Agt %
£ % A9 olx oA ASZFH A ADI-CD#EY 3%
< A = Y ADI-CDE 2% US BS 2
#2 ACI-CD#| 93-S XA dv}h. ¢ ADI-CD#%
A% HA] ojgte] HAF 7$2HA thA] 1 oA YA F
Y A43F9 gg 2AHR $A9 Thickness®%
o 3T HUs}e] oA HA| ojgto] AP oW T}
Al o] 339 Depositiond3 9 U8 e & ZHA}
A €t o3 @ 7F3 & vlEog ool AYPL o
2 99€ Robke 28 WY A3 FRY olge 7
Ashe A% FEF 1 olgs 4Ag Fophe 38 2
€22 FAHH . &, Deposition T3
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Table 2. Spec of production processes

Process Equipment Spec.
Name Parameter Max Min. | Target
CHF 1,085.70 | 888.30 | 987.00
BCL 107580 | 880.20 | 987.00
G-FR 45870 | 37530 | 417.00
Etching RF-PW | 660 | 540 | 600
PRESS 16.50 1350 15.00
DC 9.90 810 9.00
o ||
Development (EXP-T)’ +10 -10 0
(FOCUS) * +0.2 -0.2 0
(TTLFC) ’ +0.15 -0.15 0
SOAK-TIME | 13,200 { 10,800 | 12,000
PRESS 43.89 3591 39.90
C_TEMP1 84469 | 691.11 | 767.90
Deposition C_TEMP2 80157 | 655.83 | 728.70
C_TEMP3 80150 | 655.61 | 728.70
C_TEMP4 801.46 | 655.74 | 728.60
C_TEMP5 843.04 | 689.76 | 766.40

HIEIEEEAE

CL_TEMP1 =gvlge] 2§
ACI-CD. ADI-CD 181 Thickness &<

Fig. 6 Rule base structure
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Fig. 9 Item selection for control chart
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Table 3. Process data of the lot 5Q1152.1

Process Process-ID| Parameter Value
Name
Q1045.1 ACI-CD1 0.61
Q1045.3 ACI-CD3 0.54
CHF 992.20
BCL 973.45
Etching
G-FR 470.20
TO0075
RF-PW 6.32
PRESS 15.67
DC 9.39
Q1023.1 ADI-CD1 0.52
Q1023.3 ADI-CD3 0.56

RET-ID RIGHT
(EXP-T)’ +12
(FOCUS)’ +0.1
(TTLFC) * -0.1
Q1007.1 T-SIN 1,529.12
Q1007.4 T-POLY 759.67
SOAK-TIME| 12,134

PRESS 45.44

C.TEMP1 798.20
TO0050 C_TEMP2 756.92
C_TEMP3 688.34
C_TEMP4 786.21
C_TEMP5 734.56

Development

T0060

Deposition

Table 4. Environment parameter of the lot

Source Parameter Value
Particle In Control State
Air Humidity In Control State
Temperature In Control State
Smog Out of Control
Resistivity In Control State
Water Particles In Control State
Bacteria In Control State
Purity In Control State
Gas Vapor In Contro! State
Filtering In Control State

Fig. 10 & 387 A29s] 38 Z3olth. ACI-
CDI 344 olgel 24T 9902 487} A2de
SS9 42 2E3 873 W2olA A7 shiae) Y
22 ANSD doh. IPEA Aol AL} A1 2Y
o &30 2A%e 3F¥Y Z2aAL AHeapl 9ot

Fig. 10 Inference results
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Ege 47 Aol
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Fig. 17 Final result of process analyzer
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(2) 3% ¥4 =29 AL F9 FEJ A2H
o] #4381 Rahe AUl AF A4S &Y
F AU 2HH o2 AE7H A 2] AY & F
< 2FAL, 3 49 Hee FAdE BN
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e 24 Bao Uig 2L AL HA A4 w0
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module)s] 71%] #g A7 B asit,
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g ojok S
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A 42 23S XS 08 ved 44 FHAE g8
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