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Chen-Fu Chien is a Tsinghua Chair Professor and Micron Chair Professor in
National Tsing Hua University, Taiwan. He received B.S. (Phi Tao Phi Hons.)
with double majors in Industrial Engineering and Electrical Engineering
from NTHU in 1990, M.S. in Industrial Engineering & Ph.D. in Decision
Sciences and Operations Research from UW-Madison in 1994 and 1996, and
PCMPCL Executive Training from Harvard Business School in 2007. From

k IL 2002 to 2003, he was a Fulbright Scholar with UC Berkeley.

Chen-Fu Chien is the Convener of Industrial Engineering and Management Program and
Director of the Artificial Intelligence for Intelligent Manufacturing Systems (AIMS) Research
Center, Ministry of Science and Technology (MOST), Director of AIMS Fellows Executive
Program and NTHU-Taiwan Semiconductor Manufacturing Company (TSMC) Center for
Manufacturing Excellence in NTHU. From 2005 to 2008, he had been on-leave as a Deputy
Director in TSMC. He has received 10 US invention patents, published five books, over 170
journal papers, and 11 case studies in Harvard Business School. His book on Industry 3.5
(ISBN 978-986-398-380-4) is a bestselling book in Taiwan. He received National Quality
Award, the Executive Yuan Award for Outstanding Science and Technology Contribution,
Distinguished Research Awards from MOST, Distinguished University-Industry
Collaborative Research Award from Ministry of Education, University Industrial Contribution
Award from Ministry of Economic Affairs, Best Paper Awards of 2011 IEEE TASE and 2015
IEEE TSM. He is a Fellow of APIEMS, CIIE, and CSMOT.




%ﬁ.ndugms One Earth is not enough for everyone..
Inter- vs Intra-country Gaps

DALab Proprietary

How many Earths do we need if the world's population lived like...
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Business Impact

As Goldman Embraces
Automation, Even the
Masters of the Universe
Are Threatened

Software that works on Wall Street is changing how business is
done and who profits fromit.

by Nanette Byrnes Feb7,2017

Atits height back in 2000, the U.S. cash equities trading desk at Goldman
Sachs's New York headquarters employed 600 traders, buying and selling
stock on the orders of the investment bank’s large clients. Today there are

just two equity traders left.

Automated trading programs have taken over the rest of the work, supported

by 200 computer engineers. Marty Chavez, the company’s deputy chief

financial officer and former chief information officer, explained all this to

attendees at a symposium on computing’s impact on economic activity held

by Harvard's Institute for Applied Computational Science last month.

Average compensation for staff in equities sales, trading, and research at the
12 largest global investment banks, of which Goldman is one, is $500.000 in
salary and bonus. according to Coalition. Seventy-five percent of Wall Street
compensation goes to these highly paid “front office” employees, says Amrit

Shahani, head of research at Coalition.

For the highly paid who remain, there is a growing income spread that
mirrors the broader economy, says Babson College professor Tom
Davenport. “The pay of the average managing director at Goldman will
probably get even bigger, as there are fewer lower-level people to share the
profits with,” he says.
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Made in China 248% ROI
e (Return on Investment)

Advanced
Manufacturing
Partnership
(AMP), creating

high quality jobs
and enhance S1 investment $2.48 economic activity
USA global A

competitiveness. IN Manufacturing

Source: Professor Ben Wang of Gatech (2015)
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1st. steam-powered mechanical manufacturing facilities
2nd; (start of 20" century)- electrically-powered mass production
3rd: IC and IT to achieve automation = Qm

) Az
4th : (today)- Cyber-Physical Systems mﬁ D =0

Enabling Technologies (0 -> 1) I 4. industrial revolution

- Watt steam engine (James von ‘ ‘ ‘ based on Cyber-Physical

Breda Watt) -
« Transistor (1947/ Bardeen,
Brattain, and Shockley, 1956

3. industrial revolution
uses electronics and IT to
achieve further automation

. of manufacturing A
Nobel Prize) o —— g
. . industrial revolution =
® IC (J aCK Kllby, 1 958/ 2000 NObEl follows introduction of %
: electrically-powered mass
P rlze) . production based on the
* programmable logic controller diision of labour
(PLC) Modicon (modular digital :-Ilindustria[ll revulutfiun
. ollows introduction o
* S(Gm]tr&ua'ﬁ)l(tg lEkiMﬂﬁlzﬁyRas&ﬁB) water- and steam-powered
(2013), "Securing the future of German manufacturing mechanical manufacturing
industry recommendation the strategic initiative facilities time
INDUSTRIE 4.0 final report of the industrie 4.0 working ~ End of Start of Start of 1970 today

18th century 20th century

group," National Academy of Science and Engineering. Source: DFK] 2011
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The Second Industrial Revolution, also known as the Technological
Revolution "l was a phase of the larger Industrial Revolution corresponding
to the latter half of the 19th century, sometime between 1840/1870 until World
War I. It is considered to have begun around the time of the introduction

of Bessemer steel in the 1850s and culminated in early

factory electrification, mass production and the production line. (Wikipedia)

Taylorism: Scientific Management (Industrial Engineering)
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... profitable production for lot size 1

Bosch Software Innovations

Public | INST/BUD | 19.06.2013 | @ Bosch Software Innovations GmbH 2013. All rights reserved, also regarding any disposal,
exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.
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The Death of Supply Chain
Management

by Allan Lyall, Pierre Mercier, and Stefan Gstettner
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Industry 3.5
Hybrid Strategy between

Industry 3.0 and to-be
Industry 4.0 via Al, Big Data
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Shanzhai! MediaTek and the “White Box” Handset
Market

The term "Shanzhai [i” discounts the huge economic value these handsets have created. The makers of these
phones have created a classic “disruptive innovation” by addressing new miarkets with cost-effective solutions.
If you look closely, you will find that many of these handset makers are quite innovative.

—Ming-Kai Tsai, C]p%irman and CEO of MediaTek

Ming-Kai Tsai looked ial ﬁ safisfaction. His Hsinchu, Taiwan—based
fabless semiconductor c e the top-three global suppliers of

wireless chipsets, the i r mobil lephone handsets. In the second
quarter of the year, the co y had }upped 8 illion chipsets, and the outlook for the third

quarter was for 100 mllhén %J @zmillion_fo {E‘ %f ygar. In a global wireless handset
market estimated to total 1.2 billion td n accomplishment.
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Industry 3.5 in 200mm fabs

IEEE TRANSACTIONS ON AUTOMATION SCIENCE AND ENGINEERING

Approach to Improve the Efficiency of Manual
Material Handling System in 200-mm
Wafer Fabs for Industry 3.5

Chen-Fu Chien, Member, IEEE, Che-Wei Chou, and Hui-Chun Yu

Abstract—Motivated by realistic needs to enhance the
productivity for 200-mm wafer fabs, this paper aims to propose a
novel approach for manual material handling system (MMHS) to
mimic functionalities of the automated material handling system
in the advanced fabs without intensive capital investment to
deliver the wafer lots manually and systematically. In particular,
a mathematical model is developed to optimize the routing plan
with two objectives that minimize the total traveling distance in
all routes or minimize the number of manpower needed in all
routes. Furthermore, a route planning approach is proposed to
utilize the routes that reduce the technician traveling distance
and transportation time for implementation. Also, a manpower
loading index was developed for evaluating the number of needed
technicians in the proposed MMHS. To estimate the validity of the
proposed MMHS, we developed a simulation environment based
on empirical data with different transportation requirement
scenarios for comparison. The results have shown practical
viability of the proposed approach.

Note to Practitioners—As advanced manufacturing strategies
such as Industry 4.0 are proposed for smart production, 200-mm
wafer fabs cannot be equipped with fully automation facilities
such as the automated material handling system to enhance
overall productivity. To address the needs in real settings,
a disruptive innovation manual material handling system was
developed, on the basis of existing 200-mm fab facility, to
organize the technicians to mimic the setting of a virtual material
handling system manually to enhance productivity. Indeed, the
developed solution has been implemented in this case company,
in which the results have validated the proposed approach that
can be a hybrid between the existing Industry 3.0 and to-be
Industry 4.0.

Index Terms—Fab economics, Industry 3.5, manpower allo-
cation, manual material handling system (MMHS), productivity,
route planning.

I. INTRODUCTION

EMICONDUCTOR fabrication facilities (fabs) are the

most capital-intensive and complex manufacturing plants
that consists of lengthy re-entrant processes including clean-
ing, oxidation, deposition, metallization, lithography. etching,
ion implantation, photoresist strip, inspection, and measure-
ment [1]. The wafers pass through approximately several
hundred processing steps for wafer fabrication, in which opera-
tional efficiency and productivity enhancement via maximizing
the throughput and yield, while minimizing cycle time, are
critical for maintaining competitive advantages [2], [3].

Automation in modern fabs enables efficient material han-
dling between resources to reduce cycle time and manufactur-
ing cost [4]. In particular, the advanced 300-mm fabs rely on
automated material handling system (AMHS) to manage the
wafer transportation in fabs [5], [6]. Furthermore, Germany
has proposed a manufacturing strategy, Industry 4.0 [7]. for
smart factory via cyber-physical systems and decentralized
decisions within a smart and networked platform. However,
most existing 200-mm fabs that find it difficult or cost effective
to install AMHS employ technicians maneuvering the trolleys
for moving the wafer lots [8].

Motivated by realistic needs to empower 200-mm wafer
fabs, this paper aims to propose a disruptive innovation via
manual material handling system (MMHS) that mimics the
AMHS functionalities by technicians and reduces the trolley
accidents effectively. However, since the technicians may
decide by themselves the wafer lots and the corresponding
transportation route, some lots may be delayed causing cycle
time increase, while serious trolley accidents happen causing
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B ey 35 Kevin Plank: “Time for disruptive innovation for
%%M labor-intensive shoe making that is dominated by
Enabling A* Decisions® Asian countries...”
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Under Armor Lighthouse is groundbreaking new design and
manufacturing hub to push the boundaries of what's possible via

pioneering the best practices, efficiencies, and methods that will help
us make products faster and better..
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“iw  Not easy to replace human :)
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Flex and Nike terminate business relationship

Flex and Nike has mutually agreed to wind-down the footwear manufacturing operations in
Guadalajara by the end of the year.

"Regarding MIKE, we have worked hard with NIKE to make our footwear operation in Mexico technically
and commercially successful. In recent weeks, however, it became clear that we are unable to reach a
commercial and viable solution with NIKE and have mutually agreed to wind down our NIKE footwear
manufacturing operation in Guadalajara by December 31, 2018. We are finalizing the terms and details
of the wind-down and we are striving to retain many of our affected employees and to repurpose our
facility”, states Christopher E. Collier, CFO at Flex Ltd. in an analyst call.

In connection with the closing of the operation, the EMS-provider recognised USD 30 million of exit
costs primarily related to its estimated impairment of fixed assets. Additional costs as the wind-down is
completed may be incurred.

“I would say that we are disappointed where we sit right now. | think as we step back, NIKE was
extremely unique in differentiating and | think that it was an important feature that we went after and we
are just being very thoughtful at this stage in terms of where we sit. And since we can't get to a
commercial agreement where our shareholders can have a sustainable return, we decided 10 exit”,
Collier continues.
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WPG Holdings is the world No.1 Semiconductor "
(wrg’

Distributor and the largest electronics distributor
A Bk K 12 B

WPG Holdings

vs Industry 4.0

Industry 3.5 “Iron Man” Industry 4.0 “I, Robot”
Human-System Collaborations Cyber-Physical System
Decentralized DSS & disruptive Closed platform led by big company

innovations with constant charge

Human empowered by Al human replaced by robots and Al
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Industry 3.5 as alternantive sirategy

BE.com QA

|11
¥ i

- ABRERITE EES

HEMSEE —iEHEHEF £MmBHA

ARE  NBENLE  EEEFTEENEENE  KESENEE B
B,  BETAERNEHE EEHE  BETSENOSFACOETE T

BEREZEENEERI ABAEHE  EEEFEURS BFIIHR . 2EE
SHFETANERE  —BEmS TSl -

EEHM  2017-0907 BIEE : 2049

HERENE BuE
ERLEED Mg AR A

.', “!'M:]P n

Go
: o o T Te
, TEUEHSENERESES S SNEENARETE  SEENEEEE SN
N 28 . EUEARBEE  BEI-SFM . TEISMNESEEELEEIA Dl /
? ' EELE ANEEESAESAE  URAFNENER B E - *qQ - ¥
f EESM | 20170027 | 2B - 1849 5 ==
A ZEEnea 7 =N
i 3 (¢ &
J

|3
8-



L3

= AN Industry 3.5 is better for
Enbli:g%ecisions‘@ Emerging Countl’ies

DALab Proprietary

L T35 BESHHEER

JatERIE 1,300 % (i B A - WRAARE SR @R FRENACPEE R

FRRESTAZARER ASBEERINRA

HRESATERNERHNRE SR AL TR

e (AIMS)E (- FHES TRTE - RPN IR
RERSrIRN A IR fx?ﬁzxmﬁﬁJﬁﬁm&

S FIBAN iy T TIR3S, e

f ::;:ﬁ:;m = AN RSl by F RS TR
B ERMNRCPIER UM TR  Aae i R — S HI M HERD TR
3 SESMELELFREASAN 4.0/ FEIFFH T TR AT S ELRTE
B BETERREFHE AN WS A Rt AR R
GRS ERNSRIS.  AAACERGSHABLENN
AENRCPANMIFMAFIE BWkEs- "THR3.5, fER 3.0/
H!anmm de la Pena’Efy + T34 ozmm HELA T

B WRNERATR Ramon A. Razalfjz-t- 1t il % 5

M09 ot FHBAIMSHIFFR IR
M T STFRREN
SR T34 O HERANIEH
RS 2 F MBI
s MR SR A AR
(T & - SR T BT
FR A P E TR
(51 G M 9 IR T3S
TR IR A E RIS

SR ERAHESRE)

FERFER RS + SUNR A IR T
BRER  NRBEESEOAS
SEYmE o mEERT: 6
B4 0 LR 5 T 2 4.0
FERETHR R STROHEN + T35
BEZy & MBS he ¢ RETI R R
BESEMCRUGE KB
T 65 7 DAL 5 8 SR ) T 3 51
PE B {oh 108 e pakid i
SRR A E AR,

NRCP ANNUAL SCIENTIFIC CONFERENCE
& 86TH GENERAL MEMBERSHIP ASSEMBLY

Humanizing Industrial Revolution
via Industry 3.5 as a Hybrid Strategy to
Optimize Human Capital as Force for Good
in Business in Emergent Countries




Harvard Business Review

000 g |
B8 14 s 2R T

W0 13 4.0 HEEk

ﬁ['fﬁff‘f:ﬂ“
351

ﬁaﬁ ?

BEE AT A TS 5N SRR NeNS

409 BYSALR | 1K
4.0 HEA F il i - i
8 -TREAE-LBW+- ¥
MEFHEEREALER kS
BASHANMENS—REF - 2o
MATRE  frdd AR H@ N3]
Hig o ELEMMRAMENEH P8 Y
b 2 g
F-Fd gL ELF RN LAS
i@k - FUARBEARE TS S
P T I B XN ELE - Y Y
POEAGR - ML ERE - i
RE AL AR (GP) AdO®RTF &8
SR8 THRE -HAE  ATHELY
BEYAEG - it DY 5§
BEIld i iTua -wumn &2
EHALAREEOY S MR ESA
HLTAEM - GRASANLEEHS
BUitsYABE T CRRALNEAL
LHEERARY » ST B SHRENY

FolE BYiE NG ?
BaAF i rdrfidrii gy
ARANKRBETIR =224
RHLHANTE40 THHERITTE
3,50 1) ASEAFAATEL 4.0 EHN
EHEAEAE » AR EEENGL AL
FoESZE AR LTFRERY YL
ERGHEAENH ARBT ALk N
ey et [ T¥35,2%3.0
F LE40ZMAREGEG > 2LV lL
SEMAGRRT L BN ASREST
FRABE FIOXLPNBRERAYN
ChREEYSHBEENR —DRLALS
By BMRSREESLRE  F-—
FRABRATELO0ZWNHARES £
TR AL TR - B
Khth» BN TH 4.0 S MmPUN
KEARILH -
EEREITELISHETHN ) -
HEY ST FRU A S TERLNNE -

.
3%
35
- T A A O
»n
|
83
4 !
B A HEAPIER
llﬂlﬁlﬁnﬂﬂuﬂ
: Eh

Suryws - RN
() T s uu.-u-r- o]

THE40HT

I _ i
%35

E 30 AR

T%3.0

T%40

[SE 3520

HERBKFES IO LT
BTREBHBRSIE B %
& I LA B2B (business to
business)E2 B2C (business

to consumer) &%

EEREEEESENHE
EFErBERAL
C2M (customer to

manufacturer) B3

46 BRTERTw

MM T | Apell 0177

LU LR R Bl

EERN

BEERBRAEENDA
MBRAH - BETE (1TI8E0
F9) IS EBE R KARE
oo FEEEE  RiEH (£E
8RF9) RIBHISBT RFEBIZR
MEEEANMNETE » T
BURMEZPEIENTX »
WEEBICEZHEENRIR
FEEREFIAIER -

[@EE5REFBIERRFIRT
T E - RED (EESFY)
EERESEEREF KT
TE ReERAKREBE
& BRAEBESRISETS
VRS REE -



Industry 4.0: Algorithmicized "production chess" SIEMENS
within cyber-physical systems

|
: \__/ : %ﬂf Vision for Industry 4.0
r = The product to be manufactured
p—c— - s - :
S |OT/B|g Data corﬁ1ta1ns all r_lecessa_rylnformatlon
O 0 on its production requirements
Means -

CPS/ Self-organization of integrated
Objectives production installations considering
the entire value chain

N Flexible decision on production
t”'& 2 process on the basis of the current
¢
PN situation

Page 5 8 Apnl 2013 Siegined Russwurm

R -
o S S " —— . s

= _——TST_TFI=FTTTT_—,,____—




. L

%ﬁtw - Ind ustry 4_0 /C PS Cloud for Industry Apps

i M \’ : p {/f
Enabling A Decisions® ‘h = [ \\L

L

o \
- == j/} SSe A
DALab Proprietary Nt Nt ———— —— ]

Optimization of asset performance, energy and resources consumption, maintenance, services ...
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Value Chain 1 1
Restructuring Siemens acts as

- Profit shifts to o data custodian
hidden modules
with high barriers lg;"‘

Siemens sets standards in
terms of connectivity to
both Siemens and third-
party devices within and
outside the plant

Secure
Cloud for Industry
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SAP “indirect access” charge
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= Indirect access is a term used to define the situation where a SAP customer is liable
for additional license fees when third party applications access data held in SAP.

m [f a customer fails to purchase licenses for users accessing a SAP system indirectly
through a third party or custom interface, such as software-as-a-service (SaaS)
application. For example, a third-party or custom mobile app for tracking goods and
updating SAP records accordingly would be deemed indirect access.

s February 2017: SAP wins court case against Diageo that is ordered to pay
£54,503,578 in licensing fees after its sales staff were running Salesforce applications
on top of SAP data.

=  SAP seeks $600 million in compensation for unlicensed use from the Belgian brewing
giant Anheuser-Busch InBev that was also settled in June 2017

= May 2017: SAP responds to Diageo indirect licensing case with "modern pricing"
approach/ October 2017: SAP launches Licensing Transparency Centre

Source: https://www.computerworlduk.com/it-vendors/sap-indirect-access-explained-3671760/
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-F. Chien et al. / Int. J. Production Economics 128 (2010) 496-509
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Taiwan Industry 3.5 to empower digital
transformation of emerging countries
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_________________ :
7 _unit cost ' Il

- replenishment | Material | Order ! | - cost
lead time 4 Requirement | - capacity * o} e « - delivery
o : | der Allocation || SeJection :
- product lifetime : Planning | - min. order 1 - quality
| | . .
Material ! ] Assembly : :I ) relat.lo.n.shlp
Provider 1 g8 Vendor 1 - flexibility

|

Material Assembly
Provider 2 Vendor 2

Material < Assembly Chip Maker
Provider 2 Vendor 3

Material Assembly
Provider M Vendor A4

material preparation obsolescent material buyback Wu and Chien (2008)
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Superior Vendor Selection
Decision Analysis
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(Wu and Chien 2008)

Target Proposed Model Heu

Vendor Ratio Cost Alignment Difference Cost

v Ty C, 7, 2C -Cy, |/ 32Cy, C,,

A 37.60% 85,931 1.20% 87,102 Vendor A

B 33.44% 74,532 0.22% 77,293
C 12.99% 24,995 1.70% 22,258
D 10.71% 23,114 0.27% 22,378
E 2.84% 5,925 0.16% 6,632
F 1.28% 3,240 0.18% 3,590
G 1.14% 3,717 0.54% 2,705
Total 100.00% 221,454 4.28% 221,958

TVP, =3m,xC,, 63,208 64,150 62,717
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SEER-$ (System for Excelling Enterprise Resources for $olar)

Enabling A" Decisions®
DALgb Proprietary %ﬁﬁﬁ (by CaSh)
put Dz TIME 0 1 2 3 sum
= Total cost 1S 545499221 |$ 955548753 |$ 893950255 |§  7,853375.35
S {EE Chip purchase cost| $ 4,415,340.71 | $ 6450,506.83 | $ 6,049,234.37 [ §  5449,601.73 [ $ 17,949,342.93
S Production cost| $ 1,039,651.50 | $ 2,168,946.57 | $ 195422542 | $  1467,727.76 | $ 5.590,899.75
UiZ R A Chip inventory cost| $ - 3 497 | % 095 (% 0.95
et d i Product inventory cost| $ - L 2916 | $ 4181 % 4492
= B gRets Fixed cost| § - |8 936,00000|$% 936,000.00 | $ 936,000.00 [ $ 2,808,000.00
ESTEE ' B E E - |8 - |s 2160606.13|$ 2.160,606.13
EETLEN

Total Cost

-----

SRS by unit)
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An Integrated Approach for IC Design R&D
Portfolio Decision and Project Scheduling
and a Case Study

Chen-Fu Chlen

Abstract—Research and development (R&D) projects are
crucial for semiconductor companies to maintain growth, prof-
itability, and competitiveness. Integrated circuit (IC) design is
mpltal intensive and continuously migrates to new technologies
to meet various market demands. Moreover, the scheduling of
selected R&D projects that enables technology roadmap involv-
ing complicated interrelationships, while competing for similar
resources. Focusing on realistic needs, this paper aims to pro-
pose an integrated approach for selecting 1C design projects for
R&D portfolios and scheduling the selected projects simultane-
ously. In particular, a hybrid autotuning multiobjective genetic
algorithm was developed to solve large sized problem instances.
An empirical study was conducted at a leading IC design ser-
vice company in Taiwan to test the validity of the proposed
approach. The proposed algorithm was compared with conven-
tional approaches for both convergence and diversity. The results
have shown the practical viability of this approach in efficiently
and effectively generating near-optimal portfolio alternatives for
portfolio selection. The approach also enables the scheduling of
the selected projects to achieve R&D portfolio objectives. The
developed solution was fully implemented and adopted by the
company.

Index Terms—IC design, portfolio decision, project manage-
ment, scheduling, R&D portfolio, genetic algorithm.

. Member, IEEE, and Nhat-To Huynh

impact organizational productivity and profitability [3], [4]. In
particular, the semiconductor industry is capital intensive and
continuously migrates to new technologies that require inten-
sive capital investments for various R&D projects [5], [6].
Semiconductor industry is characterized by shorter product life
cycles, longer production lead times, and intensive research of
inter-related products since semiconductor companies strive to
maintain their competitiveness and market power through their
R&D portfolios and intellectual properties. The decision maker
has to determine the new projects that should be funded, the
resources that are needed for the selected projects in the R&D
portfolio, and the sequential order and priority for completing
the selected projects.

A project portfolio is a set of projects that share resources
during a given period. Complementarity, incompatibility, or
synergy may occur when sharing the costs and benefits derived
from completing more than one project concurrently [1], [7].
Project portfolio selection (PPS) is extremely complex when
project interactions and preference information are consid-
ered simultaneously [8]. Most of the existing studies have
selected R&D projects by evaluating individual projects and
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Everest Textile is No. 1 R&D oriented and vertically integrated textile
manufacturer that develops high value-added and innovative products to global
leading brands in sports, outdoor, city, casual and industrial materials etc.
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EEL" Intelligent Agents to Empower Engineers
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A model-based, goal-based "intelligent agents” can perceive environment
and take actions to maximize its chance of success at some goal.
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Sensors




MPICORPORATION

Precision forming and big data analysis
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Site-Imbalance Decisions

Customer

704 IEEE TRANSACTIONS ON SEMICONDUCTORE MANUFACTURING, VOL . 16, NO. 4, NOVEMEER 2003

Analyzing Repair Decisions in the Site Imbalance
Problem of Semiconductor Test Machines

Chen-Fu Chien, Member; IEEE, and Jei-Zheng Wu

Absiraci—Test machines can test multiple IC devices simulta- Threshold
neously. When testing the same group of devices, unusunal devia- Passed Failed
tions in yield rates of specific sites from the other sites (i.e., site im- )
balance) imply a fault in the corresponding sites and the machine.

This study develops a decision analysis framework for maximizing Good Bacd
profit and customer satisfaction nnder nuncertain conditions. The (p) (1-p)

proposed framework can provide the on-site operators specific de-

cision rules to help decide whether they should continue the test,

close specific sites, or shut the machine down to repair it. A nuo- *
merical example is used for illustration.

Fig. 1. Dichotomous testing results i the /th site.

Index Termms—Decision analysis, decision support system, final
testing. machine repair. site imbalance.
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Overlay Error Compensation Using Advanced
Process Control With Dynamically Adjusted
Proportional-Integral R2R Controller

Chen-Fu Chuen, Member, IEEE, Ymg-Jen Chen, Chia-Yu Hsu, and Hung-Kai1 Wang

Absfract—As  semiconductor manufacturing reaching nan-
otechnology, to obtain high resolution and alicnment accuracy
via minimizing overlay errors within the tolerance is crucial. To
address the needs of changing production and process conditions,
this study aims to propose a novel dynamically adjusted pro-
portional-integral (DAPI) run-to-run (E2R) controller to adapt
equipment parameters to enhance the overlay control perfor-
mance. This study evaluates the performance of controllers via
the variation of each overlay factor and the variation of maximum
overlay errors in real settings. To wvalidate the effectiveness of
the proposed approach, an empirical smdyv was conducted in
a leading semiconductor company in Taiwan and the results
showed practical viability of the proposed DAPI controller to
reduce overlay errors effectively than conventional exponentially
weighted moving average controller used in this company.

Norte to Practitioners—Although various APC/R2R conirol ap-
proaches have been proposed for specific conditions, little research
has been done to deal with unknown changing production/process
conditions in the real setting of semiconductor fabrication. Fo-
cusing on a realistic problem. this study is the first to develop
dyvnamically adjusted proportional-integral E2R controller by
considering future disturbance prediction to effectively reduce
overlay errors. The proposed DAPI controller has only one key
parameters needed to be determined like exponentially weighted
moving average (EWMA) controllers. The proposed approach
was validated in a leading semiconductor company in Taiwan and
has been implemented on line.

Index Terms—Advanced process control {APC), manufacturing
intelligence, overlay errors, proportional-integral controller,
run-to-run (R2R) control. vield enhancement.

thus achieved unparalleled growth in past few decades. Thus,
process control and excursion detection become increasingly
difficult. However. most existing studies focus on defect diag-
nosis for yield enhancement [2]-5]. To meet the demands of
shrinking feature sizes and the reduced linewidth of integrated
circuits (ICs), lithography has become increasingly critical
for wafer fabrication [6], [7]. In particular. wafer fabrication
contains multilayer wiring in which the patterned lavers must
overlay each other to within the tolerance to function properly.
Overlay errors are the displacement of the present exposure
layers relative to preceding layers [8]. [9]. To enhance the
process vield and to satisfy customers’ need. overlay errors
must be controlled within a tight tolerance.

Modern semiconductor fabnication facilities (fabs) adopted a
variety of advanced process control (APC) and run-to-run
(R2E) control methodologies for wield enhancement.
Moyne ef al. [10] defined R2R control as “a form of dis-
crete process and machine control m which the product recipe
with respect to a particular machine process 1s modified ex-situ,
1.e.. between machine runs, to minimize process drift, shaft,
and vanability.” Sachs er al. [11] and Ingolfsson and Sachs
[12] pioneered the application of R2R controller in semicon-
ductor fabrication processes. Conventionally, the exponentially
weighted moving average (EWMA)-based controller 1s widely
used to compensate for process shift and noise such as epitaxial
growth [8]. silicon epitaxy [13]. chemical mechanical polishing
(CMP) [14]. and metal sputter deposition [15]. However, the
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= Overlay error model for stepper (Chien et al., 2003)
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s Step1. Overlay process modeling for R2R control
x Step2. DAPI controller design
s Step3. Performance monitoring and evaluation

[1] Input

Intra-field

[I] Asy. magnification [O] Asy. magnification

[0] Output —» [I] Translation (X & Y) — —»[O] Translation (X & Y) —
—» [1] Scaling (X & Y) — —»[O] Scaling (X & Y) —
—» Inter-field — Process Sampling
—» [I] Wafer rotation — | disturbance locations —» [O] Wafer rotation —
Compensation value | —» [I] Non-orthogonality Exposure —» [O] Non-orthogonality
for overlay factors - _ B OCesS Overlay errors : :
—» [1] Reticle rotation - p —» [O] Reticle rotation —
Y

—» [1] Iso. magnification —»[O] Iso. magnification

—» —»

> >

[I] Asy. rotation — [O] Asy. rotation

N
<>
H
&
(4]
a

PI controller

Dynamic adjustment for

control parameters

Disturbance estimation
for process model




-0.03 LI I I I I N |

%ﬁlndustry 3.5 0.035 |
/I

-0.04 -
Enabling A" Decisions®
DALab Proprietary -0.045 -
_____________________________________________________________________|
,T’“‘x -0.05 -
input

-0.055

Empirical
Study for woss
Advanced 007
Equipment/
Process
Control
(AEC/APC)

-0.03 -

A<t NO N OW OO N LN 0 < SNO MmO o NN N 0 I NMNO M OO AN N O S ~SO0O nw
HHHHHHHHHH T T T T LD N O O ONNMNMNIMNOGOOODOKOO OO 8 8 8
Lot sequence ——EWMA —®-DAPI

B R - e ™ A s A
o S . S o L S— 0 ., Yl S B N B N o, N . "N o T N o [ I T 4 [, E—




o -

%ﬁtry 3.5
# M

Enabling A" Decisions®
DALab Proprietary

Manufacturing
Big Data Analytics

E s

=15
G

IEEE TRANSACTIONS ON AUTOMATION SCIENCE AND ENGINEERING

Manufacturing Intelligence to Exploit the Value of
Production and Tool Data to Reduce Cycle Time

Chung-Jen Kuo, Chen-Fu Chien, Member, IEEE, and Chen-Tao Chen

Abstract—Cycle time reduction is crucial for semiconductor
wafer fabrication companies to maintain competitive advantages
as the semiconductor industry is becoming more dynamic and
changing faster. According to Little’s Law, while maintaining the
same throughput level, the reduction in Work-in-Process (WIP)
will result in cycle time reduction. On one hand, the existing
queueing models for predicting the WIP of tool sets in wafer
fabrication facilities (fab) have limitations in real settings. On the
other hand, little research has been done to predict the WIP of
tool sets with tool dedication and waiting time constraint so as
to control the corresponding WIP levels of various tool sets to
reduce cycle time without affecting throughput. This study aims
to fill the gap by proposing a manufacturing intelligence (MI)
approach based on neural networks (NNs) to exploit the value of
the wealthy production data and tool data for predicting the WIP
levels of the tool sets for cycle time reduction. To validate this
approach, empirical data were collected and analyzed in a leading
semiconductor company. The comparison results have shown
practical viability of this approach. Furthermore, the proposed
approach can identify and improve the critical input factors for
reducing the WIP to reduce cycle time in a fab.

changing faster in consumer era. Therefore, time-to-market and
cycle time reduction have become increasingly critical issues
for both research and practice.

According to Litde’s Law, while maintaining the throughput
level of individual tool sets in a fab, reducing the WIP levels will
reduce the cycle time. There is a gap to effectively determine ap-
propriate Work-in-Process (WIP) levels for various tool sets in
a fab in light of dynamic nature of wafer fabrication and com-
plicated product mix on line. Indeed, a number of queueing and
simulation models have been developed in predicting the WIP or
the cycle time of tool sets in a fab. However, most of the studies
applying queueing models have limitations in real settings due
to the requisite assumptions to which few real-world systems
conform [1]. [2]. In particular, conventional queueing theory as-
sumes all the servers are identical in a service center. However,
tool dedication constraint for wafer fabrication requires that cer-
tain tools in a tool set can process only part of products or pro-
cessing steps. That is. the tools in the tool set are not identical
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A Framework for Root Cause Detection of
Sub-Batch Processing System for
Semiconductor Manufacturing
Big Data Analytics

Chen-Fu Chien, Member, IEEE, and Shih-Chung Chuang

Abstract—Root cause detecting and rapid yield ramping for
advanced technology nodes are crucial to maintain competi-
tive advantages for semiconductor manufacturing. Since the data
structure is increasingly complicated in a fully automated wafer
fabrication facility, it is difficult to diagnose the whole pro-
duction system for fault detection. A number of approaches
have been proposed for fault diagnosis and root cause detec-
tion. However, many constraints in real settings restrict the
usage of conventional approaches, due to the big data with
complicated data structure. In particular, a batch may not be
considered as a run in the present sub-batch processing sys-
tem for wafer fabrication, in which the processing paths of
the wafers in a batch could be different. Motivated by real-
istic needs, this paper aims to develop a root cause detection
framework for the sub-batch processing system. Briefly, the pro-
posed framework consists of three phases: data preparation,
data dimension reduction, and the sub-batch processing model
construction and evaluation. The proposed approach has been
validated by a sequence of simulations and an empirical study
conducted in a leading semiconductor manufacturing company
in Taiwan. The results have shown practical viability of the
proposed approach. Indeed, the developed approach is incor-
porated in the engineering data analysis system in this case

company.
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» . ——
o~ - “ -~
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Fig. 1. Categones of the factors.

time-to-market [1]. The average sale price of the IC with
short product life is quickly reduced [2], [3]. Thus, rapid
root cause detection for yield ramp up for advanced tech-
nology migration is critical for semiconductor companies to
maintain competitive advantages [3], [4]. Conventionally, the
engineers diagnose the system and specific module to detect
the root cause based on experiences and domain knowledge.
Big data with a huge number of process features, in-line
metrologies, product test results, and product data will be
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= The C, improvement was 20% in
average after implementation in an
empirical study for a few months for
a field test in Taiwan.

= The scaling score is used to monitor
the operational effectiveness of the
dispatching rules to trace the
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Product Number Standard Number Standard C, ., improvement
of lot RMSE deviation Cox of lot RMSE deviation Co e

A 163 0.0075 0.0073 2.34 140 0.0063 0.0061 2.84 21.39%
B 100 0.0103 0.0068 2.56 108 0.0101 0.0062 2.82 10.12%
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International Symposium on Industry3.5 for Intelligent Manufacturing
September 25 - 27, 2019, National Tsing Hua University, Hsinchu, Taiwan

hups:/f'www.aims. org twindustry3 . 5/

Aims and Topics:

Global manufaciunng networks are facing disruptive challenges due to newly technologies such as Anificial Inmclligence, Big Data,
Imnternet of Things, and 3G. Leading nations including Germamy and USA lune reemphasized the importance of advanced manulacturing
and initiated national manufaciuring strategies such as Industry 4.0 and AMP. The manufactuning sectors in Asia-pacific regions and
cmerging countrics are plaving importam roles for cconomic growth and job opportunitics. vet their industrial structuncs may not be
ready for the migration for Industry 4.0 dirccily.

“Industry 3.5" that is proposed as a hybrid strategy between the existing Industry 3.0 and to-be Industry 4.0, This
imtermetional symposium calls for disruptive innovations from theoretical research, methodological developments, case studies, and
industrial practice 1o address the needs for humanizing indostrial revolutions and sustainable migration including, vet not limited,
the following lopics:

Internet of things (10T)

Circular Economics

Green Supply Chain & Sustainability
Deep Learning Applications

Big Data Analytics & Data Mining
Smart Production

Cyber Physical System
Smart Agriculiure

Total Resource Management IE Eduecation/ Currviculum Design
Al & Computational Intellizence

Advanced Process'equipment Control Enterprise Resource Planning

User Experience & Innovative Design
Auvgmented Reality & Virtual Reality
Defect Detection and Classification  Image Analysis, Visual Inspection

AMHS/! Antomatic Guided Vehicle

Virtual Metrology

Evolutionary Algorithm Simulation Optimization

Keynote speech, Exhibit, and Factory Visiting:
Indusiry3.5 Symposium will provide a platform o facilitate related activities such as kevnote speeches, factory visiting and
exhibition to enrich the conference. Details can be founded in hips:www aims org w/industry 3. 5/

Organized/sponsored by:

Industrial Engineering and Management Program (IEM), Ministry of Science & Technology, Taiwan

Antificial Intelligence for Intelligent Manufacturing Systems Research Center (AIMS), MOST, Taiwan

NTHU-TSMC Center for Manufacturing Excellence, Taiwan

Department of Industrial Engineering and Engineering Management, National Tsing Hua University, Taiwan
Important Dates:

Deadling for Full Paper/Presentation-only Abstract Submission July 31, 20019
August 10, 2019
September 1, 2009

Molice of Acceplance:

Deadling for Camera Ready Manusenpt
Registration Fee:

Regular registration USS300 (Early bird, before August 135, 2019) / USS500 (Regular)

Students USS100 (Early bird, before August 15, 2019) / USS150 {Regular)

Paper submission:

Full paper must be written in English with a maximum length of 5 pages. For paper format. submission, and related information,
please wvisit: hipswww aims ore iw/industy 3,50 and  submission o gonference industng 3 Segnail.com.  Selected papers in
Im&lllsnln'H will be m-:orttrl'-c11d1.d ﬁ:lr reviews and possible  publications in related  special ssue of SCI  jowrnmals

Venue:
Magional Tsing thl Unl'-cn-ll\ (hetps/woww niho edu tw/), where special offers of NTHU guest house  (hitps-//afTairs-

1p) and hotels nearby are available.
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Leading nations including Germany and the USA have reemphasized manufacturing and proposed national strategies
such as Industry 4.0 and AMP; China is also promoting Made in China 2025 to upgrade her industrial structure. The
paradigm of global manufacturing is changing, and the increasing adoption of Al, big data analytics, cloud computing,
Internet of Things (IoT), intelligent machines and robotics has empowered manufacturing intelligence for smart
production and agile supply chains.

The industry structure of most emerging countries might not be ready for the migration of Industry 4.0, or for facing other
challenges such as governing, promaoting productivity, maintaining economic growth and creating jobs. Therefore, the Al
for Intelligent Manufacturing Systems (AIMS) Research Center, one of the MOST Al centers, aims to integrate various efforts
to empower intelligent manufacturing and digital transformation for Made in Taiwan to maintain its competitive
advantages. The teams have proposed Industry 3.5 as a hybrid strategy between Industry 3.0 and the to-be Industry 4.0.
They have developed core technologies which have validated the approaches through a number of in-depth industrial
collaborations with leading companies in different fields including the high-tech manufacturing, assembly, process, and
textile industries. With the innovative solutions AIMS has developed, Taiwan is able to play a leadership role in the new
manufacturing paradigm of Industry 3.5 and share our experiences with other emergent countries (such as ASEAN
countries) facing similar issues.
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