PRl 7y E LR ¢ & 82F

T9E SR

3%

RFID s seg B2 R A £ R* -3 3 'RFID s g B2 H
2 ER" (3/3)
3 4

L (2 fR)

o e

S %L - NSC 95-2218-E-002-006-

HOF 9% E0BT0pI%EOITT 3P

S
G NS L $ P ANE  F S

A
A
$E LR LI A - Ee R AR

THE o WA ERR RS TP

I\

=

MY %~ /4%~ v

ERAFA LY s PR FRRAL



T AT EW WP Yt SR
355K KKK OIOIOIOIORIIBIIIOGIOIOIOK KK

X RFID s 5% B2 8 & ¥ i %

>< o

2K OO OIOR ORI IOGIOKOIOKOIOR

>< o

VRN oREATE MEFEITE
3 %% ¢ NSC 95-2218-E-002-006
HEHRF 195287 1p396&T" 315

AFEA IR ESN SE TR Y

EfpifFi 1829 L8R RHPFRRE1 RS
ERAFA I RIYR e PR AR F e g
R ifFA A S FIP PRy L

A RIRE O IHEUT BRI L Kﬁfi :
oA B L Y o FRE -
DAL B B LAY o 7R
Dmﬁﬁwgwﬁéwwﬁ*£%$im & i
SR & L PR LR - B

HTH

PoE A K/ 96 # 7% 31p



lhzd -3
RFID

DEESE S W SR Ly ol S
VB E 2

FAFR

Development of RFID System and Its Application to
Semiconductor Industry

EEL.A
HEHR

ER A A
£ - R G
R ifFA D mivk
XA D FRIpAL

,{5%’“&& :
E=ih My R
iU iy S = 4

AL 1

RFID - 63 F S enFakfi ks o o

BT SRR RS X T
o EHREFRP - FRGEEREL R L B
AL AR PRTE R E » T O F N FEE] i B
#Eﬁf"fr H—ﬁwr'} r’ﬁim*" = #Bfﬁ%ié\‘}%} e

FHIL B gRreR o FALBC B A B
2 114‘;";1_1}'&9 ﬁnfL‘oj\;‘L%_L‘t P &4 #-RFID
rf‘y:}i,ﬂﬁ"f@;* L EME ¥, ¥ fJ‘i‘]‘ RFID d% % ~
RFID i sdci kst ~ RFID &% 1 o 355013
P #T~ 2 RFID o™ fl gt 3ttt fudd g 2 1% -
% AR o

FPHE-ohPRAI&F A pALAM
PRk ER I My § PRk adiv; 2
LA KT R HMAE B L) ST AN
2 QAR o hifd = E Y w@f;%&’f&vﬁ&;
FOWEER S AR ’f}f‘f EAEAE o

SN QPR VB A S LS A
Tl iTHEF 5 BTE

PP

IF}_‘VE .__meyrRFID ] b o

wa%
-4
¥
[ﬂ
CTE

TR oREFAZ AR (DE 2
RFID ; Z:x'l}?zx ?ilg ,f f'-‘?\;ﬂ‘ ‘{(;Q: T t: (2)@2_: "
RFID i A7z #l3d i 3H 48 - 3)8 B o

RFID 5 A#2 @& ¢ 418E H(WIP Tracking)dz
FIS4] - $Z E £ B L L% - &< g g o RFID
SAzZEPAGEA L FES ML oo
e x Az BRI IFA R A(]) A fEA FE
¥ =40 RFID 5 42 3B ig k seQiplia#4
Ayedlir? A9 5% 28~ RFID &4 7 3)pz
ﬁﬁ%ﬂﬁ%¢%\§b (4)% B PDA 2238 {+ ]
FER R BEZ Y o

34 = ,j;i}\ﬁ—;@;uﬁ@ﬂ&fﬁp’*‘%
(RFID) % A # iy £A R 82 a3
Li(l) B E-EE RHD<ﬁm¥?%“$1 i

v, 5
¢Lo’ g

NSC 95-2218-E-002-006
95 & 8 7

1p29%#7"% 31p

"lr "S»

e PR EE

SAAEIRAEEGEL RS
SR e e A L
cACEIT R

B IR

#4ga ‘4
#1ga ‘4

>w%

ﬁﬂ
EH

ot e X

WinCE NET i 7% % 3tz PDA ~ it » ﬁﬂ: » 5 R
RE S PR &i’*“f"zﬂ”‘/*ﬂiﬁ fe B 5(2)
% E-FEARED T a;nz, 2 FE03) %=
=3 J‘r”%? 3P sy B

BiEF - E "er*?im%érf”w?:%;%fr i
B 1 RFID #v s henflsd ks FE S RT
Uk R LA ERER - B L A R N

s
25
WU ©°

7 f

\\_

~ m

S

1‘”’%‘1:[1__'1 %”gﬁg F‘Eﬂi‘lé—‘gf—?

= oaz :(1)# = 12 SCOR # RFID 5 A #.
2 L}'@é_é%i A,:e’ TR (2)@ Tt i sl 1T G
% AR (3)% B 1 RFID ; zl}#f”fﬂ# L

e;;ﬁmi%uf\*b RFID 74 i enff 32 %
S ETR A R AT RS 0 F B awvﬂi A

2 & %{ﬁfﬁ}%@éﬁ’rfﬂﬁj;\: ot B A B @ﬁmq i
F RS G (DS L A2 o KBTI
(2) B CONWIP 4] 4 ¢ 550 iJ*JD&?
EE-T R ?’w

EA WA RBEEET F TS AFET
%ivé‘l——?il:f %\B"l)“ Lb-ﬁ)sl__?if—?%uf?ﬂ.p_#bi )i
ORIk SO ARG R R FRT
PR G iE PRAR K o
MaEHE T3 ER&-FRHY 2 ARETHW
FWEET L ERSAE IR B A B
AR &EE RS AR A s B A
AE L L AR 1 EA RS e NI I I

LR TR BB

Abstract

This project intends to develop the RIFD tag,
the RFID system integration environment, the
RFID-based maintenance and diagnostics, and the
RFID-based supply chain monitoring and control.
Then, the system will be applied to semiconductor
industry.



In subproject 1, there are 3 major parts. For the
first year, the antenna design and optimization
process for HF and UHF tags are developed. For
the second part, the process of carbon nanotube field
effect transistor (CNFET) was tried out for a
possibility to fabricate plastic RFID chips. Finally,
the target is the process thin-film-field effect
transistor. For the third part, an all ink-jet printed
organic thin film transistors (OTFT) process was
developed. A complete homemade ink-jet printing
system was completed, and with process
improvement, the performance of OTFT is in feasible
stage. A simple logic inverter circuit was successfully
demonstrated, and toward the goal to fabricate all
printed RFID chip in near future.

The goals of subproject 2 are to: (1) design
information  infrastructure for RFID  based
manufacturing systems; (2) develop a cell controller
for RFID based manufacturing systems; and (3)
develop an RFID based WIP tracking model. In the
third year, we have completed four major tasks: (1)
Establish an RFID based flexible manufacturing
system. (2) Control FMS based on WIP data written
on RFID tags. (3) Integrate with Intelligent Decision
Support System. (4) Develop PDA application with
FMS.

Subproject 3 aims to develop an intelligent
remote diagnosis and maintenance system which is
based on the brand-new technology RFID including:
(1) the first year - combine RFID technology with
PDA (embedded WinCE .NET operating system)
using the multi-sensor fusion algorithm and design
the allocation of the transmitter and receiver of RFID;
(2) develop of the intelligent remote diagnosis and
maintenance system in the second year; (3) the third
year - construct the knowledge management system.

Through the intelligent remote system
constructed in the second year, RFID technology and
various data mining methods are integrated to
construct the on-line rescheduling system and the
decision support system for manufacturing
environment.

In subproject 4, the goals of this three-year
research are to: (1) design SCOR-based and
RFID-based supply chain performance monitoring
metrics, (2) construct a RFID-based supply chain
monitoring model, and (3) develop RFID-based
control schemes. In the third year, we have
completed three major tasks: (1) construct a forward
echelon-based monitoring model, (2) develop
CONWIP control method and solution procedures,
and (3) design scenarios and conduct simulations to
compare the performance of different control
schemes.

Based on the validation results, we conclude that
the proposed control scheme obtains a higher service
performance compared to the traditional method.
Keywords: RFID, plastic electronics, organic
thin-film-transistors (OTFT), carbon nanotube field
effect transistor (CNT-FET), Cell Controller, WIP
Tracking, Intelligent Decision Support System, PDA
Diagnosis, Knowledge Management, Dispatching

Rules, Decision Supporting Semiconductor Supply
Chain, Monitoring & Control, Echelon WIP
Inventory.
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RFID is the electronic device stored tremendous
information. The signal of RFID is delivered through
wireless communication. Because of its huge storage,
remote data accessing, and non-contact reading, the
traditional barcode will be replaced with brand —new
RFID technology. RFID can be applied to security
management, automobile identification, logistic
control, biochip, and manufacturing automation, etc.
This project intends to develop the RIFD tag, the
RFID system integration environment, the
RFID-based maintenance and diagnostics, and the
RFID-based supply chain monitoring and control.
Then, the system will be applied to semiconductor
industry.

Since our purpose is to: (1) design information
infrastructure for RFID based manufacturing systems;
(2) develop a cell controller for RFID based
manufacturing systems; and (3) develop an RFID
based WIP tracking model. In the third year, we have
completed several major tasks:

Objective 1: A complete homemade ink-jet printing
system was completed, and with process
improvement, the performance of OTFT is in feasible
stage. A simple logic inverter circuit was successfully
demonstrated, and toward the goal to fabricate all
printed RFID chip in near future.

Objective 2: (1) Establish an RFID based flexible
manufacturing system. (2) Control FMS based on
WIP data written on RFID tags. (3) Integrate with
Intelligent Decision Support System. (4) Develop
PDA application with FMS.

Objective 3: RFID technology and various data
mining methods are integrated to construct the
on-line rescheduling system and the decision support
system for manufacturing environment.

Objective 4: (1) construct a forward echelon-based
monitoring model, (2) develop CONWIP control
method and solution procedures, and (3) design
scenarios and conduct simulations to compare the
performance of different control schemes.

ZFEE 2
3.1 Subproject 1: Develop of RFID tags using
plastic electronic technology
3.1.1 Accomplishment 1: Antenna Design for
RFID Tags

The achievement is as same as before. The
impedance and the gain of optimized antennas are
better than original design one. From the results of
this second optimization, we found that antenna
performance is better than before.

3.1.2 Accomplishment 2: Carbon Nanotube Field
Effect Transistor Process Development

According to the measurement, we could
deduce that carbon nanotubes include single-walled



carbon nanotubes (SWNT) and multi-walled carbon
nanotubes (MWNT). Secondly, we measure the
curve of current and voltage. When gate voltage is
less than 4V, the channel began to form and the
transistor turned on in Fig.1(a). If the gate voltage
increases, the current of drain-source will be bigger,
in Fig.1. Besides, the operative current is about
several micro ampere and the off current is less than
1 nano ampere, the on/off ration is about 10*
According the measurement and principle, we can
deduce the carbon nanotube flied effect transistors
(CNFETs) are p-type CNFETs. In the future, we
will try to transfer our CNT-FET to the PI layer.

va-is Vid -t

(@) (b
Figure 1 I-V curve of CNFET

3.1.3 Accomplishment 3: All Ink-jet Printed
Plastic Electronics

In this study, we focus on the development and
improvement of the all ink-jet printed process for
better electrical performance on fabricating OTFT.
The homemade ink-jet printing system is shown in
Fig 2(a), and the droplet formation cycle of taken is
shown in Fig. 2(b). The system comprise of a
drop-on-demand printhead, a back pressure controller,
a ink reservoir, 2 axes motorized positioning stages,
printhead driving electronics, and a droplet imaging
system. The whole system is controlled by a PC
running a control program developed with LabVIEW.
The drop-on-demand piezoelectric driving printhead
is manufactured by MiroFab Co. Ltd, and the model
name is MJ-ATP®, which is designed for working in
room temperature with low viscosity (<20cPs). A
two-axes motorize stage system with a CCD camera
are combined for the precision positioning and also
the alignment for different printing layers. Another

CCD camera with synchronized LED illumination
with the printhead driving waveform are used as a
stroboscope to monitoring the cycle of droplet
formation and ensure the stability and reliability of
the printing process.

Figure 2 (a) The homemade ink-jet printing
platform (b) The formation of the droplet taken by
imaging system.

The bottom gate and bottom contact structure
was chosen for the all ink-printed OTFT fabrication.
Heat-resistant and chemistry-resistant polyimide (PI)
tape is chosen as the flexible substrate. ~When
sticking on a glass plate the roughness of the PI layer
can be around 10nm, and that would be important for
the OTFT device structure fabrication. The material
of the gate electrode is 20% conducting polymer
poly(3.,4- ethylenedioxythiophene) / poly
(styrenesulfonate) (PEDOT/PSS) aqueous dispersion
dissolved in water, and 1% ethylene glycol (EG) are
added to enhance the conductivity in around 100
S/cm.  The viscosity and contact angel of the
solution between substrate were 2.46¢cP and 56°,
respectively. The Orifice diameter of printhead
used on gate electrode printing is 30um, which can
achieve printing resolution in around 10pm. Single
line pattern is printed as the gate electrode to reduce
the parasitic capacitance of the device, and the width
is 100pum with 2500 droplets per mm®. The gate
electrode is then baked for 1 hour in 100°C to
improve the chemistry -resistance of the conducting
film. The material for the insulation layer is 3.5%
poly (vinylphenol) (PVP) and 0.35% cross-link agent
poly (melamine-co-formaldehyde) (PMF) dissolved
in hexanol. The viscosity and contact angel of the
solution between substrate are 8.8¢cP and 10°,
respectively. The Orifice diameter of printhead
used for insulation layer printing is 80um. A
squared shaped pattern, 800pum by 800um, is printed
as the insulation layer. For better insulation, two
layers of PVP are printed and the droplets density is
around 500 droplets per 500mm, and the thickness is
around 700nm. The PVP layer is then baked at
200°C for 10min for solvent evaporation and
cross-linking of PVP.  The same PEDOT/PSS
solution as the gate electrode is used to print drain
and source electrode as well. Two parallel lines are
printed as drain and source electrodes. The fine
spacing between the two parallel lines has to be well
controlled for narrower channel length. The best
resolution printed with the 30pum orifice is around
10um. Thus, the channel area between the two
printed electrodes is 20um and channel width is
400um controlled by the length of parallel lines.
The organic semiconductor active material is 98.5%
high  regioregularity —poly  (3-hexylthiophene)
(rr-P3HT) purchased from Sigma-Aldrich, and
p-xylene is chosen over volatile chloroform as
solvent to prevent clogging of printhead. However,
P3HT shows poor solubility in p-xylene and was
always precipitated around the reservoir in room
temperature, and then cause failure of the printing
process. To resolve this problem, a heated reservoir
is used while printing P3HT. Higher temperature
does prevent the precipitation of P3HT in p-xylene,
and also help for better film formation. Moreover,
the organic semiconductor active layer for forming
the conducting channel is only several nm above the
insulator, and thus thinker layer will not help for the
field effect but degrade the off-current by leakage
between drain and source electrodes. Reducing the



concentration of P3HT dissolved in p-xylene is the
most efficient way to lower the thickness of the
printed film of P3HT. The well controlled lowest
concentration while forming a complete film is
0.15% with reservoir heated to 45°C. The orifice of
printhead used for printing active layer is also 30um.
The viscosity and contact angel of the solution
between the insulation layer is 0.7cP and 8.7°,
respectively. The thickness of the printed active
layer is about 25nm with the drop density of 155
droplets per mm”. The printed P3HT layer is then
baked 70°C for 1 hour in vacuum to avoid the solvent
remain in the film which may degrade performance
of the device. The complete ink-jet printing process
is shown in Fig 3(a) and the picture of printed OTFT
is shown in Fig 3(b).
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Figure 3 (a) The OTFT printing process. (b) The
photo of the OTFT printed.

In addition, due to high moisture and oxygen
sensitivity of P3HT, the off current will dramatically
increase when the device is measured in ambient
environment. The poor on/off ratio smaller than 10
was measured in such condition. To avoid that, the
device is protected with another PI layer, and bakes
at 60°C for 5min to remove the solvent, but not
destroyed the underlying structure. The PI
passivation will lower the permeability of water
vapor and oxygen to P3HT, and much more improve
the performance of OTEFT. The electrical
characteristics of OTFT printed was measured by
Keithley 4200 in ambient environment. The
measurement results is showed in Fig 4 (a) and Fig4
(b) for device with PI passivation

Figure 4 Measured OTFT (a) transfer
characteristic and (b) output characteristics

The field-effect mobility in the saturation
region was calculated from

1 W
1, =5HC f(VG -v,) Eq. 1

,where Ip is the drain current density, p is the
field-effect electron mobility, C; is the capacitance
per unit area of insulation layer (C; = 70nF/mm” were
measured using Agilent 4294 impedance analyzer),
W and L are channel width and length respectively
(W/L = 20 here), and Vg and Vp are gate and
threshold voltage and can be derived from the
transfer characteristics. The highest field-effect
mobility measured is .11 cm?V s, the threshold
voltage is -6V, the on/off ratio is 1.2x10* and the
subthreshold slop is -8 V/dec. A simple logic inverter
circuit with 2 printed OTFT and printed resistors and
capacitors are also successfully fabricated, and the
input/output voltage waveform is shown in Fig. 5

Figure 5 The input/output voltage waveform
of the logic inverter circuit.

In summary, the printed OTFT has superior
performance when PI is used as passivation to protect
the device and with thinner semiconductor active
layers. The OTFT fabricated can have low
threshold voltage, high on/off ratio, and also high
electron mobility. This work shows the excellent
potential of ink-jet printing process for low-cost
printed flexible electronics.

3.2 Subproject 2: Research of developing
information infrastructure and application for
RFID based manufacturing systems

3.2.1 Accomplishment 1: Establish an RFID based
flexible manufacturing system.

We have established an RFID-based FMS in the
MES Lab of National Taipei University of
Technology. This FMS consists of four virtual
equipments, one loading station, one RGV, one
unloading robot (ABB IRB 2000) and nine buffer
stations. Omron passive tag (530KHz, 254 Bytes) is
attached in each pallet and each pallet contains four
workpieces (as shown in Figure 6). In this system,
the updated status of pallet is written to pallet’s tag
by means of reader when the operation is completed
in each virtual equipment. When workpiece finish all
its operation steps and pallet is moved to unloading
station, the robot will pick each workpiece to its
position according to the tag content written in
previous operation steps.



3.2.2 Accomplishment 2: Control FMS based on
WIP data written on RFID tags.

In the second year, we have constructed
modular Colored Petri Models for equipment (CNC),
material handling system (mobile robot), Loading
station, unloading machine and RFID reader. In the
third year, we attempt to write attributes (color of
places) of CPN model into RFID tags. The updated
status of pallet (i.e. colored token of CPN model) is
written to pallet’s tag by means of reader when the
operation is completed in each virtual equipment.
The content of colored tokens of CPN model and
related RFID tag content are listed as shown in Table
1. Some reading and writing screens shown in
monitor screen of cell controller are shown in Figure
7-8.

Table 1. CPN colored token vs. RFID tag content
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3.2.3 Accomplishment 3: Integrate with Intelligent
Decision Support System.

We have integrated our RFID based FMS with
Intelligent Decision Support Sytsem (IDSS),
developed by ITRI. Cell controller sends all shop
floor status to IDSS, and IDSS feedbacks inferring
results (i.e. RGV from to command) to cell controller.
IDSS runs over JESS (Java Expert System Shell)
which is a rule engine and scripting environment
written entirely in Sun's Java™ language. The JESS
shell provides the basic elements of an expert system
which includes a fact-list which provides a template
for both knowledge and application, a knowledge
base that contains all the rules and an inference
engine which controls overall execution of rules. The
interaction between FMS cell controller and IDSS is
shown in Figure 9.

FMS Inferring engine System

Check Machine OP Status

Check INS OP Status

Check RGV Status
[Dispmching Rule]

RGV 3

RGV Real Action

FMS Status §

Figure 9 Interaction between FMS and IDSS

We also compare the performance of FMS with
FMS+IDSS. It is shown in Figure 10. By this figure,
we find that the machine utilization based on
dispatching by our cell controller is better than
dispatching by IDSS. This is because the
communication and handshaking between cell
controller and IDSS cause time lag that may miss the
time of optimal decision.
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Figure 10(a) Machine utilization of FMS
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Figure 10(b) Machine utilization of
FMS+IDSS

3.2.4 Accomplishment 4: Develop PDA application
with FMS.

We have developed PDA applications with FMS.

There are two scenarios deployed in our RFID based
FMS. One scenario is if number of grade C of
finished goods produced in FMS greater than a
predefined number, there will have a message
automatically generated by cell controller and
appears in supervisor’s PDA. Another scenario is
when count of operation of specific equipment
greater than a predefined number, there will cause the
equipment stopping operation and a message will be
automatically generated by cell controller and
appears in supervisor’s PDA. When some actions
have been finished and specific button on monitor
screen is pressed, the equipment will start to
operation again. The screens displayed in PDA and
monitor screen are shown in Figure 11 and 12
respectively.

-
Figure 11(a) PDA snapshot of scenario 1
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Figure 11(b) PDA snapshot of scenario 2
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Figure 12 Monitor screen of cell controller

3.3 Subproject 3: RFID-based diagnosis and
maintenance system
3.3.1 Accomplishment 1: On-Line Sceduling

The illustration for the interval variant
rescheduling is shown in Figure 13. A long run of the
fab consists of several decision points. Between two
decision points, it contains some scheduling intervals
(SI). The length of the scheduling intervals may
differ in different two decision points. At each
decision point, the interval variant rescheduling
mechanism decides the new scheduling intervals for
this decision period with the constructed ANFIS
models. And at the beginning of a scheduling interval,
the interval variant rescheduling mechanism
determines a dispatching rule set for all machines
with the constructed SVM models.

The detailed procedures for building the SVM
model and ANFIS model are coming next.
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Figure 13 On-line rescheduling mechanism

Procedure of Training SVM Classification Model

The overall procedure of training SVM
classification model is shown in Figure 14. After a
long run of simulation, each attribute value of every
intrabay is collected. Traditional scheduling methods
make decisions based on the explicit system
attributes directly, such as machine utilizations, job
tardiness, etc. In summary, six local attributes for the
intrabay and one global attribute for the fab are
chosen as follows: the mean utilization of the
machines in the intrabay, the number of the jobs in
the intrabay, the mean sojourn time of the jobs in the
intrabay, the mean remaining processing time of the
jobs in the intrabay, the mean slack time of the jobs
in the intrabay, the mean tardiness time of the jobs in
the intrabay, and the level of machine breakdown in
the fab.

In order to deploy different dispatching rules to
different intrabays, k-Means is used for clustering the
intrabays of the fab. In particular, the reason for
clustering is to reduce the search space and
simulation time. That is, if there are 23 intrabays in
the fab and these intrabays are clustered to 5 clusters,
and then the search space is reduced from 7%
(2.737x10") to 7° (1.6807x10™).

Then GA is employed for searching
dispatching rule sets which promote better
performance. With attributes as the system conditions
corresponding to dispatching rules, the SVM
classifier is constructed as the scheduler. The
dispatching rules used in this paper are selected from
previous researches and described in Table 2.

| Fun simulation model by el-Plant.+ ‘

¥

| Collect each attribute value of every intrabay.+ ‘

v

| Cluster the intrabays with k-Means if necessary.+ ‘

v

Use GA module in the el-Plant to search
dispatching rule sets which promote better
performance .+

v

Record attributes and corresponding dispatching
rule of each cluster.+

v

Train SVM classification mode].+

Figure 14 Procedure of training SVM classification
model.

Table 2. Dispatching rules
Dispatching

Rules Description+ Criterion+
FIFO+ First In First Oute First in first oute
2PT+ Shortest Processing Time+ | Shottest processing time firste
TIEe Time In Systems Longest one firste
SRPTe Shorest Remaining Shortest RPT firste
Processing Time+

CRe Critical Ratios Bmallest one firste

L3a Least Slacks Smallest slack time firste
EDD« Earliest Due Dates Earliest due date firsts

Procedure of Building ANFIS Prediction Model

The entire procedure for building ANFIS
prediction model is shown in Figure 15. After
observation of a long run simulation, the period
between two decision points is set as 12 days.
Between two decision points, the length of the
scheduling intervals (SI) may be 1 day, 2 days, 3
days, 4 days, 6 days or 12 days. For example, if SI is
2 days, scheduling will be taken six times between
these two decision points. A sketch map is shown in
Figure 16.

For the sake of on-line deciding the scheduling
intervals between two decision points, six ANFIS
prediction models are built, as shown in Figure 15.
Performance values of previous four-time scheduling
are fed as the prediction model’s input, and then the
performance of following 12-day scheduling result is
predicted. Predicted performance values of six
ANFIS prediction models are compared to decide the
actual scheduling intervals between these two
decision points.



Run simulation model by eM-Plant.
For different scheduling intervals (ST), Get model 1
collect performance values of previous (SI=1)
four times and following 12-day
scheduling results respectively.
Get model 2
i (SI=2)
Build the ANFIS performance
prediction model. Get model 3
(SI=3)
Get model 4
(SI=4)
Get model 5
(SI=6)
Get model 6
(SI=12)

Figure 15 Procedure of building ANFIS prediction

model
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Figure 16 Sketch map of interval variant rescheduling

3.3.2 Accomplishment 2: Decision Support System
This section is devoted to the proposed method

for knowledge extraction, learning, and update. Right

after that is the implementation of the overall

decision support system.

Knowledge Extraction, Learning, and Update

Whereas data are a collection of facts,
measurements, and  statistics, information is
organized or processed data that are timely and
accurate. The information extracted here contains
throughput, WIP, each product’s mean flow time,
tardy number, intrabay attributes, tool parameters,
job conditions, etc. Then some information can be
extracted to knowledge.

The overall procedure for knowledge
extraction, learning, and update is shown in Figure
17. The first step is to reduce the amount of
information and to get the representative information
so that the size of built decision tree will be kept and
small. Then, utilize the representative information to

update

build decision tree or GDA-based decision tree. The
reason for building decision tree is that it is easy to
transform it to rules as knowledge. And GDA-based
decision tree is used to enhance the accuracy rate.
When accumulating a certain amount of information,
use k-means to update the representative information.
The updated representative information is taken to
build a new decision tree, so the accuracy rate will
not be down.

The information here is extracted from the
SEMATECH Model’s system attributes. Figure 18
shows the position of representative information with
update, and it can be seen that the representative
information is only be fine tuned. It can be observed
that the circled nodes’ attributes are almost the same
with update and theirs cut values are only be fine
tuned. For the un-circled nodes, they may be new
nodes or will be automatically pruned with update.
Figure 19 shows the accuracy rate of knowledge with
and Figure 20 reveals the structural
complexity of knowledge with update.

Use k-means to reduce the amount of information. (Take centers

generated from K-means as representative infonmation.)

:

Utilize the new representative information to build decision tree

or GDA-based decision tree.

'

| When accumulating a certain amount of information. use k-means

to update the representative information

Figure 17 Procedure for knowledge extraction,
learning, and update
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Figure 18 Position of representative information with
update
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Figure 19 Accuracy rate of knowledge with update
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Figure 20 Structural complexity of knowledge with
update
Decision Scenarios

Four scenarios are provided to support decision
making. The first offers decision makers to decide
product mix ratio with the concept of TOC. One key
idea of TOC is that the system’s constraints (also
called bottleneck resources or capacity constraint
resources, CCRs) determine the  system’s
performance and should be the focus of management
attention. In order to acquire the highest profit
attainable, the CCR must be fully utilized. TOC
approach decides the product type and the
corresponding quantity to produce a given market
potential.

The second scenario can control job arrival rate
through the monitoring of WIP. And then the third
one supplies to decide dispatching rules in terms of
the knowledge extracted from the method proposed
in section A. The last scenario aids preventive
maintenance with the information of each machine’s
PM schedule. All these scenarios are through web
pages to achieve knowledge sharing.

3.4 Subproject 4: Monitoring and Control of
Semiconductor Supply Chains with RFID-based
Information
3.4.1 Accomplishment 1 : Construct a forward
echelon-based monitoring model

The proposed scheme is to construct a forward
two-echelon model with the goal of minimizing the
echelon WIP inventory control limits under a target
service level. The echelon WIP concept is different
from the traditional stage inventory. In the traditional
stage view, the WIP is monitored and controlled in
each stage. However, echelon view considers all WIP
inventory from the certain stage to the final stage.
Their relationship is shown in Figure 21.

 echelon be jmommmmmmmmmmmmmsoos 1
. 1 echelon a. :
| : .
| 1 i
1 ! §
| seemesascssse===a===- i
I o o o e e e e e e e e e e e e e e e ] 1
Figure 21 Definitions of stage and backward

echelon inventory
However, most of the echelon inventory
control has been focused on the logistics and
distribution systems, in which lead time is usually
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fixed without considering of characters of production
and different power of each member. In addition, the
echelon is usually counted backward as shown in
Figure 21. These assumptions might not be
applicable under a semiconductor supply chain, in
which lead time is dependent on the factory loadings
and the control power is usually stronger in the front
stage (fab). As a result, the first task of this research
is to extend the backward echelon-based inventory
control method to a forward echelon-based inventory
concept considering the dynamic lead time effect.
The schematic of forward echelon inventory and
stage inventory is shown in Figure 22.

_______________________________________ -

echelon b.

Figure 22 Definitions of stage and forward
echelon inventory
Index
¢: Time index
n: Stage index of each production
m : Echelon index

Input variables
D, : The demands in the

follow p, ~ N(u,0?)
6, : The correlation coefficient of D; and D+,

period ¢ and

x,: The variable that presents the sum of demands

which stage n needs to satisfy in the future
production lead time
: The correlation coefficient of XX,

.+ The production lead time of stage n

P

/

B : The expected number of blocking parts

a: Service level « is defined as the fraction of
periods that demands can be totally satisfied
when the WIP is below the monitor limit

y . Service level y is defined as the fraction of

average cumulative backorders in the system
divided by average current demand

Decision variables

Z . The standardized s, on the basis of X,

Other symbols
st,: The WIP inventory limit of stage n

s : The WIP inventory limit of echelon m form the

echelon view
5 : The WIP inventory limit of echelon m form the

results of stage view

M : Y7
Var%(Xz)
v Var’(Xx,)
Var’ (X,)

A: The algebras for from p
w(,:¢) ‘The cumulative density function of the
standardized bivariate normal with the



correlation coefficient

#(): The probability density function of standardized
normal

®(-): The cumulative density function of standardized

normal
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Qﬁh&mﬂ'l'*‘ *S..,"Z:h-l ac .
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stage'l+ stage-d4 (X, X.W»
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Figure 23  Parameters of the model

Forward two-echelon monitoring model
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In order to bring the feature of the production
system into the model, the model is modified as
follows:

(1) In order to take the relationship, the cycle time
of each echelon should be estimated in the form
of

N(a, + fix;, ay +byx;) fx<w

{N(az + (B + Br)x;, ay + (b +b,)x;) otherwise

which is the relationship of WIP and cycle time

from production view. Next, the relationship of

production lead time and WIP given the service
level requirement is estimated in the form of

I pp +¢71(a)'\ﬁ'00

and this is the demand view of the relationship.

Therefore, the proper lead time is estimated by

solving the equation simultaneously.

Dermand. Vigw+'

Production Wiew+

WIF+
Figure 24 production lead time estimation

(2) The WIP is blocked and the cycle time might
exceed the lead time when the WIP level reaches
a monitoring limit. Thus, the effects are
estimated by the reduction part from 7,
1-®(z,) part estimates the probability that WIP
level exceeds monitoring limit,
Max{X,-S,,X,+X,—-S,,0} part estimates the
blocked WIP that would enter in the next period,

part estimates the WIP

and 7 1, LN
ngerfet ﬁ)
remain in the system due to longer cycle time.

3.4.2 Accomplishment 2 : Develop CONWIP
control method and solution procedures
To reduce overall WIP control limit, the



service level of smaller echelon is set higher than the
overall required service level. This is due to the fact
that production time of the front-end member is loner
than that of downstream stage in semiconductor
supply chain. Therefore, setting higher internal
service level results in a lower blocking probability
and minimizes overall WIP. Consequently, lower
WIP monitoring limits can be obtained by setting
higher service level However, the increase of
service level of smaller echelons would not only
result in the increase of WIP monitoring limits but
also the cycle times.

In solving the forward two-echelon control
model, the following heuristic is adapted:
Step 1: solve the equation

lup+¢7 (@) N0 =

o + pix; +¢7l(ac)\ja1 +hyx;
I pp+¢ (@) Nl o) =
oy + (B + Po)x; + 7 (@ )Jay + (b +by)x; otherwise
for each echelon to obtain the initial lead time as
model input.
Step 2: solve ) constraint by setting 7, = ®(a)-V

ifx, <o

as initial value. Then, increase Z1 and calculate the
contribution. If Z;>3.5.¥, set Z; =35V and

then Solve the equation again to obtain the new Z>.
If contribution less than &, then stop increasing

the Z1 .

Step 3: use the result from step 2 to check if the &
constraint is satisfied. If & constraint is satisfied,
go to Step 4. Else, solve & constraint to obtain

Z> with fixed Z).
Step 4: Calculate the WIP monitoring limit (5 ) from

the standardized limit. Check the corresponding cycle

times by the following equation for each echelon.
N(ay + Bix;, a; +byx;) if x; <o

{N(az + (B + Br)x;, ay + (b +b,y)x;) otherwise

If the corresponding cycle time (production view) is

smaller than the lead time (demand view) in the

model, the WIP monitoring limit is obtained.

Otherwise, the corresponding cycle time of echelon

exceeds the lead time, increase the lead time by one

and go to step 1.

3.4.3 Accomplishment 3 : Design scenarios and
conduct simulations to compare the performance
of different control schemes

A simulation model is built according to the
assumptions of the model. Next, simulations are
performed with both monitoring and control schemes
together. The CONWIP control rule is adopted in
which a lot can’t be released whenever either stage or
echelon inventory limits are reached. The WIP
monitoring limits for simulations are shown in Table
3 and results of the simulation are shown in Table 4.
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Table 3. Analytical WIP inventory limits

Settingse’ | D) - AT(407556,11227 3, ¢
1 =36, =115 a=09¢
‘ She | st | g0 2
Se. | 187750 | 395l | 187750 | 247260
Based. | (100%). | clo0%9. | (loowa. | clooes.
e | joagry | ostope | 1mapts | 24sane
el | (13| (35894 | (B4ege] (229
Edukn, | 6134 | 132340 | 6134 | o2#es-
Eased. | (10.2209.| (973, | amozmga| (smoed.

Table 4. Simulation performance results

Forwrard-Echelbn . Stage .
Plured Plamed
Echela - WIE.. lead time . Stage . WIF.. leadtime -
1. 15421 . 36, 1. 18775, 36
2. 24530 . 47, 2. 5971 . 11.
Tatal Total:
W 24530 . 47, WP, 24726, 47,
Service., alpl}a- ! BAIIA | o price., alpha- | BATETR .
level. service .| service o T o) serdce. service .
i level . level. i level. level .,
Mean.. | 021121, 054857.| Mean.| 079023, 039245,
Std., 004424 ., | 003808 ., Std.. 005756, | 004911 .,

As shown in Table 4, with a lower supply chain
inventory, the proposed forward two-echelon
inventory monitoring and control method can achieve
a higher service level than the stage-based inventory
monitoring and control method. This result is due to
the fact that the control and monitoring based on
forward echelon inventory utilizes the global
information of the whole supply chain while the
traditional method uses only local information to
control and monitor. A careful study of the
simulation results further confirm that stage 1’s
inventory in the forward two-echelon model has a
higher inventory position and results in a lower
blocking probability. This is the idea of increasing
the internal service level to lower the overall WIP
monitoring limit.
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