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The purpose of this project is to study the integration of SFC strategies,
like as due date assignment, order review and release, dispatching, and rework
rules. The artificial neural network and regression techniques will be adopted
to develop the ANN Based and Reg Based due date assignment rules for a
virtual wafer fabrication plants. There are four simulation experiments in the
project for testing the interaction of SFC strategies in wafer fabrication.

The first experiment is focused on the effect of rework operations on the
shop floor control’s strategies, including order review/release and dispatching.
It will try to determine the performance of various production control strategies
on the system performance indicators under different level of rework rate.
Besides, the interaction of order release and dispatching strategies under
different rework operations will be investigated. Some representative SFC
strategies are considered in this simulation model. This project has found the
effect of rework operation on the system performance is significant. The order
release and dispatching strategies’ performance will be affected by the rework
operation. The performance will be improved dramatically if the suitable
combination of order release and dispatching strategies are adopted. Under
different rework rate and performance indicators the suitable combination of
SFC strategy are suggested in this project.

The second experiment is concerned with the interaction among shop floor
control (SFC) strategies (order review/release, dispatching, and rework rules)
and its impact on the performance of wafer fabrication. It tried to find the
better combination of these rules by specific performance indicators. From the
results of simulations and statistic analysis, the performance of most ORR rules
will be improved when combined with suitable dispatching and rework
strategies. But no single strategy can satisfy all performance indicators. In
practice, SFC strategies should be chosen carefully based on the system
conditions. Furthermore, ORR, dispatching, and rework strategies cannot be
separately considered. Instead, they should be combined and integrated for
improving the system performance. The suitable combinations of SFC (Shop
Floor Control) strategies for different performance indicators are suggested in
this project.

Due date assignment (DDA) is the first important task of shop floor
control in wafer fabrication. Due date related performance is impacted by the
quality of the DDA rules. Assigning order due dates and timely delivering the
goods to the customer will enhance customer service and competitive
advantage. A new methodology for lead-time prediction, artificial neural
network (ANN) prediction is considered in the third experiment. An
ANN Based DDA rule combined with simulation technology and statistical
analysis is developed. Besides, Reg Based DDA rules for wafer fabrication are
modeled as benchmarking. Whether neural networks can outperform
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conventional and Reg Based DDA rules taken from the literature is examined.
From the simulation and statistical results, ANN Based DDA rules perform a
better job in due date prediction. ANN Based DDA rules have a smaller
tardiness rate than the other rules. ANN Based DDA rules have better
sensitivity and variance than the other rules. Therefore, if the wafer fab
information is not difficult to obtain, the ANN_ Based DDA rule can perform
better due date prediction. The SFM Sep and JIQ in Reg Based and
conventional rules are better than the others.

Owing to the interactions between the DDA and SFC rules order
review/release and dispatching are significant. In the fourth experiment, the
ANN_ Based DDA rules will be discussed under different SFC rules in the
simulation model. It is very important to determine a suitable DDA rule under
various ORR combinations and dispatching rules. From the simulation and
statistical results, ANN Based DDA rules perform better in due date prediction.
ANN Based DDA rules have a smaller tardiness rate than the other rules.
ANN Based DDA rules have better sensitivity and variance. This project
provides suggestions for DDA rules under various SFC rule combinations.
ANN_Sep is suitable for most of these combinations, especially when ORR,
WR and TB, rules are adopted.

Keywords: wafer fabrication plants, shop floor control, due date
assignment, order review/release, dispatching, rework,
artificial neural network
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F- FA R 2 Ea {i g2 kRt E A

Strategy WIP FT FT STD Tardiness  Tardy Rate Delaying Cost
TB 620  38.69 7.36 1.97 0.22 45.30
TB*SRPT 441  28.88 7.46 0.10 0.02 18.82
TB*SRPT*Lot-split 417 2733 7.54 0.11 0.03 20.68
TB 620  38.69 7.36 1.97 0.22 45.30
TB*EDD 455  29.46 6.70 0.08 0.02 18.04

TB* EDD*rendezvous 457  29.38 6.36 0.03 0.01 17.6

SA 938  56.62 17.58 13.37 0.64 579.85
SA*NexQL 796 48.2 17.04 7.90 0.42 282.01
SA* NexQL*Lot-split 639  39.84 13.12 2.75 0.23 75.52
WR 601 3891 8.15 1.15 0.10 64.91
WR*EDD 520  34.01 437 0.08 0.02 13.48
WR*EDD*Lock-step 516  33.52 1.46 0.03 0.01 13.59

12



22 A ARFFHIRE e fERk

WIP FT FT STD Tardiness Tardy Rate Delaying Cost

652° (417°) 652 (27.33) 161 (45.09,1.46%) 622 (0.03) 622 (0.01) 161  (1.80)
653 (431) 682 (28.30) 163 (45.11,1.47) 641 (0.03) 641 (0.01) 231  (1.82)
682 (446) 653 (28.42) 131 (45.10,1.50) 682 (0.03) 682 (0.01) 163  (1.87)
621 (452) 622 (29.27) 133 (45.10,1.60) 122 (0.04) 122 (0.01) 131  (1.95)
622 (457) 623 (29.38) 231 (46.33,1.87) 161 (0.04) 623 (0.01) 133  (2.14)

623 (457) 621 (29.74) 661 (46.07,1.91) 623 (0.04) 652 (0.03) 661  (2.29)
651 (475) 651 (30.89) 233 (46.52,2.03) 163 (0.07) 621 (0.03) 233  (2.34)
642 (496) 642 (30.90) 263 (46.74,2.30) 131 (0.08) 653 (0.03) 261  (3.90)
671 (501) 643 (31.91) 261 (46.82,2.35) 133 (0.10) 161 (0.03) 162  (4.04)
122 (504) 122 (32.92) 633 (46.59,2.56) 652 (0.11) 123 (0.03) 132  (4.41)

643 (513) 641 (33.35) 162 (44.60,3.15) 621 (0.16) 651 (0.04) 263  (4.64)
121 (516) 671 (33.35) 631 (47.40,3.24) 123 (0.16) 671 (0.04) 633  (4.88)
121 (33.52) 111 (43.46,3.40) 651 (0.17) 163 (0.05) 111  (5.76)

132 (44.33,3.42) 653 (0.21) 642 (0.05) 113 (6.35)

113 (43.24,3.62) 671 (0.26) 131 (0.05) 112  (6.75)

663 (47.50,3.65) 642 (0.29) 141 (0.06) 662  (9.88)
112 (43.63,3.74) 132 (0.31) 133 (0.06) 631  (12.66)
662 (46.19,3.87) 162 (0.32) 643 (0.07) 123  (12.74)
232 (47.33,4.12) 231 (0.33) 142 (0.08) 641  (13.59)
641 (33.354.14) 661 (0.33) 143 (0.08) 232  (13.66)

avg. 822° 49.68 13.24 8.08 0.48 324.63

1.the o of Duncan's Test is 0.01

2.the first number is ORR strategy (1:WR, 2:CONWIP, 3:SA, 4:UNIF, 5:POISS, 6:TB,
7:WCEDD), second number is dispatch strategy (1:FIFO, 2:EDD, 3:CR, 4:NexQL, 5:SRPT,
6:COVERT, 7:SA+, 8:TB+), and the third number is rework strategy (1:Lock-step,
2:Lot-split, 3:Rendezvous)

3.mean value of the performance indicators

4 the mean and standard derivation of flow time

5.the mean of the total combination of SFC
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% = T AR P A R R S R B & 7T 2 4% st $7(Duncan’s test)
Rule Lateness Tardiness Earliness
WR*FIFO 3&252 316425 532164
WR*EDD 136425 1&2_ 531624
WR*CR 361245 326145 361245
WR*SRPT 431625 463125 154326
WR*COVERT 361245 321645 361245
UNIF*FIFO 316425 316425 314625
UNIF*EDD 136425 314265 516342
UNIF*CR 361425 314265 631425
UNIF*SRPT 134652 364152 514632
UNIF*COVERT 314625 314265 312645
TB*FIFO 136245 163425 135624
TB*EDD 314625 314652 513426
TB*CR 136245 134265 163245
TB*SRPT 312645 321645 321564
TB*COVERT 362415 132465 362415
TB*TB+ 246135 3 42

w
—_
(@)

‘N
n
W

1. the @ of Duncan’s test is 0.01

2. the number is represent the rule of DDA(1:Reg-Sep, 2:JIQ, 3:ANN-Sep,

4:ANN-AlI, 5:Reg-All, 6:TWK)
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“t4%— ~ LIST OF ABBREVIATIONS

Abbreviation [lustration
ORR order review and release
DDA due date assignment
WIP work in process
ANN artificial neural network
BPN back-propagation network
SFC shop floor control
Al artificial intelligence
TWK due date prediction rule based on total amount of works
SLK due date prediction rule based on slack time
NOP due date prediction rule based on number of operations
JIQ due date prediction rule based on current queue length in system
JIBQ due date prediction rule based on queue length in bottleneck station
WIP work in process
PSP pre-shop-pool
KFM regression-based due date prediction rule considering key factor
SFM regression-based due date prediction rule considering significant

factors
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“t4x= ~ METHODOLOGIES OF SFC RULES
2.1 Due Date Assignment Rules

1. TWK

This rule assigns due dates to each order as a multiple of the order’s total
processing time. TWK is widely used in practice. The TWK rule is as follows:

d,=r+k*p,

Where d; denotes the assigned due date for order i and k is the parameter
that reflects the expected queue time that order i will experience in the system.
The k value is estimated based on the regression models.

2. JIQ (jobs in queue)

This method assigns due dates to each order as a multiple of the number of
orders in the queue. JIQ is widely used in practice. The JIQ rule is as follows:

d, =1+ p +k*q,

Where di denotes the assigned due date for order i and k is the parameter
that reflects the expected queue time that order i will experience in the system.
The k value is estimated based on the regression models.

3. JIBQ (jobs in bottleneck queue )

This method is used in the system having the significant bottleneck. The
due date of each order is assigned just considering the length of the queue in
the bottleneck workstation. The JIBQ rule is as follows:

— %
di =r + DP; +k 9 pottieneck

Where di denotes the assigned due date for order i and k is the parameter
that reflects the expected queue time that order i will experience in the system.
The k value is estimated based on the regression models.

2.2 Order Release and Review Rules

1.WR(workload regulation, Wein 1988)

WR regulating new wafer releases to maintain a constant amount of
expected work at a bottleneck station. WR monitor the sum of remaining
processing times at the bottleneck workstation for all lots in the fab and release
a new lot when this sum falls below a critical value. Here, throughput can be
controlled by changing the critical value.

2.CONWIP(constant work in process)
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CONWIP regulating new wafer releases to maintain a constant number of
lots in the production system. CONWIP starts a new lot whenever a lot is
completed. With this rule, throughput is controlled by the WP level.

3.SA (starvation avoiding, Glassey and Resende 1988)

SA released a new wafer lot to avoid starvation of a bottleneck
workstation. SA starts a new lot to avoid idling the bottleneck workstation due
to lack of work. More specifically, a new lot is released when virtual inventory
at the bottleneck workstation falls down to a predetermined value. The virtual
inventory at the bottleneck workstation can be estimated by the sum of the
actual inventory at the workstation and WIP at upstream workstations that is
expected to arrive at the bottleneck workstation within the lead time (L). Here
the lead time is estimated with the sum of processing times operations that
must be processed for a newly released lot before it visits the bottleneck for the
first time. The predetermined value that triggers a lot release can be set to
a < L, wherea isa control parameter.

4.UNIF

Release a new lot into the fab at a constant rate, e.g. 16 lot/per-day
independent of the current WIP level or system status.

5.POISS

Lots enter the fab according to a Poisson Distribution. New wafer releases
time are randomly generated from Poisson distribution.

6.TB(two boundary, Lou and Kager 1989)

If the actual output of first layer < expected output and actual inventory of
first layer< predetermined inventory level, the job will be a candidate. The
candidates have the largest value of weight of product x difference in output
will be released. TB uses two threshold values for each part type at each
stage. The rule is motivated by analyzes of two machine tandem-systems with
unreliable machines. It contains the following three steps to determine
releasing and/or dispatching of a part:

Stepl: Compute the WIP deviation and the surplus deviation, A; = hpij - 4,
Asij = hsij - Sij-

Step2: Job release: Load the candidate parts that has the largest p;/\s;;. In other
words, select the part type that is far behind its production plan and had,
at the same time, a high priority.

Step3: Job dispatch into hub: Load the parts having the largest p;e;/\ ;.
7.WCEDD

Regulating new wafer releases to maintain their predetermined WIP level
of main workstations.
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2.3 Dispatching Rules

1.FIFO

Select the lot, which arrived in the queue at the earliest time.
2.EDD

Select the lot, which has the earliest due date in the queue.
3.CR

Smallest CR, CR=(due date-total remaining PT-present date) / total
remaining PT

4 NexQL

The lot whose queue at the next station it will visit has the least amount of
expected work per machine will be assigned high priority.

5.SRPT

Select the lot that has the shortest expected remaining processing time
until it exist the fab.

6.COVERT

The job with the largest C will be assigned high priority, C = delaying
cost/total remaining PT.

7.SA+(Glassey and Resende, 1988)

Assign high priority to jobs that are close to the bottleneck station and/or
that contribute a large amount of work content to the station. The main
characteristic of this SA-booster dispatching rule is its dynamic behavior. The
rule combines two simple rules by mean of weights and dynamically changes
the weights according to the state of the system. If the bottleneck is in no
danger of starvation the dispatching rule gives more weight to the SRPT rule,
while if there is imminent danger, more weight is given to a rule (SA+) that
gives high priority to lots that are headed for the bottleneck station. The
composite SA dispatching rule is a weighted mix of SRPT and SA+. Its
normalized priority function is given by

DPsi =A=9)Dswpr +7(1— Pyy,)
Where 0= v =1 is the dynamic weight.
T

Psrer = Zd/ Psar = ,h,l—n
We re‘]cﬁlire the dynanﬁdweight v to be close to 1 when there is
imminent danger of bottleneck starvation ( so that SA+ will dominate
dispatching ) and to approach 0 when the bottleneck is not in immediate danger
of starving (forcing SRPT to be used to dispatch). This can be achieved in the
following way.
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Let 7 be the critical work content discussed earlier ( a constant
parameter ) and let W be the virtual inventory.

= a L
W=R+Y Kd,)/m

By assunﬁ%g that an infinite supply of new jobs is available for release we
can guarantee that the SA release strategy will never allow W to become null.
he dynamic convex weight is defined for all values of W > 0, as
CA+e™y-1/2

1/2
This definition produces a dynamic weight function having the desired

properties, i.e., v — 0ifW>>candy — 1ifW<<rt.

Observe that Pg4+ may not be defined for all lots. In particular, if the lot is
at a bottleneck step or at a step at the end of the process, for which there is no
future visit to the bottleneck, the priority function is undefined. For these two
exceptions lots are displaced according to SRPT.

8. TB+(Lou and Kager, 1989)

If the actual output of each layer < expected output and actual inventory
of each layer < predetermined inventory level, the job will be a candidate. The
candidates have the largest value of weight of product x weight of layers x
difference in output will be assigned high priority.

2.4 Rework Rules

1. Lock-step(Zager, 1995)

In this rule, the child lot must be defaulted as a hot lot that can directly be
reworked in photolithography process without having to enter the queuing line.
The mother lot shall wait to remerge with the child lot to become the original
lot when rework is completed before continuing with the follow-up processes.
Since the mother lot needs to wait for the rework on child lot, the total
processing time for the wafer lot will be extended significantly.

2. Lot-split (Zager, 1995)

In this rule, the mother lot shall continue with follow-up processes
without having to wait for the child lot. Since the mother lot does not need to
wait for the child lot, the child lot remains as an ordinary lot without having to
be defaulted as a hot lot and shall enter the queuing line waiting to be reworked.
The reworked child lot will become a new independent lot to proceed with the
follow-up processes.

3. Rendezvous (Sha et al. 2001)

The mother lot does not need to wait for the child lot in order to shorten
the processing time and the child lot shall be defaulted as a hot lot without
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having to queue up for rework in order to remerge with the separated mother
lot. So, the mother lot shall proceed with follow-up processes and the child lot
shall be reworked immediately after they separate. The child lot shall then
follow the original mother lot to the next process where they shall remerge into
the original lot.
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“t4%= ~ LIST OF PREDICTION FACTORS

Main Class

Subclass

Factors

1. System Condition

1.1 Shop status (8)

total WIP in the shop

total remaining workload in the shop

total WIP of DRAM in the shop

total WIP of SRAM in the shop

total WIP of LOGIC in the shop

total remaining workload of DRAM in the shop
total remaining workload of SRAM in the shop
total remaining workload of LOGIC in the shop

1.2 Bottleneck status (10)

A A A o e

U N U W UHEN N
0O I &N L A W N = O

number of lots in the bottleneck

. total remaining workload in the bottleneck

. total remaining workload of DRAM in the bottleneck
. total remaining workload of SRAM in the bottleneck
. total remaining workload of LOGIC in the bottleneck
. total WIP of DRAM in the bottleneck

. total WIP of SRAM in the bottleneck

. total WIP of LOGIC in the bottleneck

. number of shot-down machine in the bottleneck

. total remaining workload of the bottleneck in the shop
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Main Class

Subclass

Factors

1.System Condition

1.3 Constraint resource status (50)

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

number of WIP in the IMPLANTER H
number of WIP in the RCA_ CLEAN

number of WIP in the GATE OXIDE

number of WIP in the LPCVD POLY

number of WIP in the N DOPE

total remaining workload in the IMPLANTER H
total remaining workload in the RCA CLEAN
total remaining workload in the GATE OXIDE
total remaining workload in the LPCVD_POLY
total remaining workload in the N DOPE

the WIP of DRAM in the IMPLANTER H

the WIP of SRAM in the IMPLANTER H

the WIP of LOGIC in the IMPLANTER H

the WIP of DRAM in the RCA CLEAN

the WIP of SRAM in the RCA CLEAN

the WIP of LOGIC in the RCA CLEAN

the WIP of DRAM in the GATE OXIDE

the WIP of SRAM in the GATE OXIDE
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Main Class

Subclass

Factors

1.System Condition

1.3 Constraint resource status (50)

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

the WIP of LOGIC in the GATE OXIDE

the WIP of DRAM in the LPCVD_ POLY

the WIP SRAM in the LPCVD POLY

the WIP LOGIC in the LPCVD_POLY

the WIP of DRAM in the N DOPE

the WIP of SRAM in the N DOPE

the WIP of LOGIC in the N. DOPE

total remaining workload of DRAM in the IMPLANTER H
total remaining workload of SRAM in the IMPLANTER H
total remaining workload of LOGIC in the IMPLANTER H
total remaining workload of DRAM in the RCA CLEAN
total remaining workload of SRAM in the RCA CLEAN
total remaining workload of LOGIC in the RCA_CLEAN
total remaining workload of DRAM in the GATE OXIDE
total remaining workload of SRAM in the GATE OXIDE
total remaining workload of LOGIC in the GATE OXIDE
total remaining workload of DRAM in the LPCVD_POLY
total remaining workload of SRAM in the LPCVD POLY
total remaining workload of LOGIC in the LPCVD POLY
total remaining workload of DRAM in the N DOPE

total remaining workload of SRAM in the N DOPE

total remaining workload of LOGIC in the N DOPE
number of shot-down machine in the N DOPE

number of shot-down machine in the IMPLANTER H
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Main Class

Subclass

Factors

1.System
Condition

1.3 Constraint resource status (50)

61.
62.
63.
64.
65.
66.
67.
68.

number of shot-down machine in the RCA CLEAN
number of shot-down machine in the GATE OXIDE
number of shot-down machine in the LPCVD_POLY
total remaining workload of IMPLANTER H in the shop
total remaining workload of RCA_ CLEAN in the shop
total remaining workload of GATE OXIDE in the shop
total remaining workload of LPCVD POLY in the shop
total remaining workload of N DOPE in the shop

1.4 Recently completed orders (8)

69.
70.
71.
72.
73.
74.

75.

76.

average flow time of three lots which had only just finished

average flow time (three lots) of SRAM, which had only just finished.

average flow time (three lots) of DRAM, which had only just finished.

average flow time (three lots) of LOGIC, which had only just finished.

average waiting time (three lots) in the shop which had only just finished

average waiting time (three lots) of DRAM in the shop which had only just
finished

average waiting time (three lots) of SRAM in the shop which had only just
finished

average waiting time (three lots) of LOGIC in the shop which had only just
finished
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Main Class Subclass

Factors

2.0rder Characteristics (8)

77.
78.
79.
80.
81.
82.
83.
84.

total workload of the order

total workload on the bottleneck of the order

total workload on the IMPLANTER_H of the order
total workload on the RCA_CLEAN of the order

total workload on the GATE OXIDE of the order

total workload on the LPCVD POLY of the order

total workload on the N DOPE of the order

product type of the order (1.DRAM, 2.SRAM 3.LOGIC)

3.1 PSP status (4)

85.
86.
87.
88.

number of lots in the pre-shop-pool

number of lots of DRAM in the pre-shop-pool
number of lots of SRAM in the pre-shop-poop
number of lots of LOGIC in the pre-shop-poop

3.PSP Condition

3.2 Recently Completed orders (4)

89.

90.

91.

92.

average waiting time (three lots) in the pre-shop-pool which had only just
finished

average waiting time (three lots) of DRAM in the pre-shop-pool which had
only just finished

average waiting time (three lots) of SRAM in the pre-shop-pool which had
only just finished

average waiting time (three lots) of LOGIC in the pre-shop-pool which had
only just finished
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“térz ~ LIST OF WORKSTATIONS IN THE WAFER FAB.

Workstation Iggh?rfe Workstation nﬁzhﬁfe Workstation rrlil(c)h(i)rfe
0 ETCH 3 H2S04 STAT 4 RS METER 3
10:1 BOE 5 H3PO4 WET 4 RTP 4
100:1 HF 2 IMPLANTER(H) 6 S/D DENSIFY 5
130:1 BOE 1  IMPLANTER(M) 5 SAC OXIDE 4
50:1 BOE 5 IN-LINE SEM 7 SCA 1
7:1 BOE 2 LASER MARK 1 SCOPE 18
ADI 9 LPCVD NITRI 7 SCRUBBER 6
50% HF 1 LPCVD POLY 6 SOG COATER 7
AEI 4 LPCVD TEOS 8 SOG CURING 4
ALLOY 3 M GAUGE 1 SOG ETCH 7
ALPHA STEP 2  MEGASONIC 2 SOLVENT STAT 4
BAKING 6 METVIAETCH 8 SPUTTER 13
BIORAD 2 METALETCH 36 STEPPER 24
BOX CLEANER 1 N+ DOPE 3 STEPPER(PAS) 1
CV PLOTTER 1 NITRIDE ETCH 9 STRESS MET 1
SURFACE

DEFECT INSP 1 OFF-LINE SEM 1 SCAN 4
DESCUM(MAT) 6 OFF-LINE TRA 1 TEOS-BPSG 8
DESCUM(TOK) 2 OXIDE ETCH 17 THERMA-WAVE 1
DRY PRSTRIP 19 PADETCH 6 TRACK 26
E/B 5 PAD OXIDE 4 TRK PYIMIDE 2
ELLIPSO MET 5 PETEOS 1 UV CURING 6
FIELD OXIDE 5 PECVD NITRI 7 VAPOR HF 4
FILM

MEASURE 1 PECVD OXIDE 13 W SILICIDE 8
FILM THICK 9 POLY ETCH 12 WAFER INSPEC 4
FTIR 1 POLY WETETC 2 WAFER TRACK 1
FURN PYIMIDE 1 POST CLEAN 2 WAT 7
GAP METER 1 RCACLEAN 12 WCVD 3
GATE OXIDE 6 REFLOW/DENS 4 WELL DIFF 5
GRINDER 2 RETICLE STOC 1 WET PR STRIP 6

.total of workstation is 87, total of machine is 488
.Total Output per month=46,000 pcs
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“+4x7 ~ THE MODEL OF VIRTUAL WAFER FAB.
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