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Difficult Challenges through 2017

Summary Of Issues

1. Responding to rapidly changing,
complex business requirements

* Increased expectations by customers for faster delivery of new and volume products (design >
prototype and pilot = volume production)

» Rapid and frequent factory plan changes driven by changing business needs

» Ability to load the fab within manageable range under changeable market demand

* Enhancement in customer visibility for quality assurance of high reliability products

2. Managing ever increasing factory
complexity

* Quickly and effectively integrating rapid changes in process technologies

* Increased requirements for high mix factories. Examples are (1) significantly short life cycle time
of products that calls frequent product changes, (2) the complex process control as frequent
recipe creations and changes for process tools and frequent quality control criteria due to small
lot sizes

* Manufacturing knowledge and control information need to be shared as required among factory
operation steps and disparate factories

* Need to concurrently manage new and legacy FICS software and systems with increasingly high
interdependencies

* Ability to model factory performance to optimize output and improve cycle time for high mix factories

* Need to manage clean room environment for more environment susceptible processes, materials,
and, process and metrology tools

» Comprehending increased purity requirements for process and materials

3. Achieving growth targets while
margins are declining

* Ability to visualize cost and cycle time for systematic waste reduction from all aspects.
* Reducing complexity and waste across the supply chain
*  Minimize the cost of new product ramp up against the high cost of mask sets and product piloting

4. Meeting factory and equipment
reliability, capability and productivity
requirements per the Roadmap

* Increased impacts that single points of failure have on a highly integrated and complex factory

* More equipment reliability, capability and productivity visualization that can be used
bidirectionally between equipment suppliers and users for more efficient task sharing

* Design-in of equipment capability visualization in production equipment

* Equipment supplier roadmap for equipment quality visualization and improvement, and reduction
of Equipment Output Waste.

* Reduction of equipment driven non-product wafers (NPW) operations that compete for resources
with production wafers and Dandori operations'

5. Emerging factory paradigm and next
wafer size change

 Uncertainty about 450 mm conversion timing and ability of 300 mm wafer factories to meet
historic 30% cost effectiveness.

* Uncertainty concerning how to reuse buildings, equipment, and systems to enable 450 mm wafer
size conversion at an affordable cost

Difficult Challenges Beyond 2017

Summary of Issues

1. Meeting the flexibility, extendibility,
and scalability needs of a cost-effective,
leading-edge factory

* Ability to utilize task sharing opportunities to keep the manufacturing profitable such as
manufacturing outsourcing

« Enhanced customer visibility for quality assurance of high reliability products including
manufacturing outsourcing business models

» Scalability implications to meet large 300 mm factory needs [40K—-50K WSPM]

» Cost and task sharing scheme on industry standardization activity for industry infrastructure
development

2. Managing ever increasing factory
complexity

« Higher resolution and more complications in process control due to smaller process windows and
tighter process targets in many modules

« Complexity of integrating next generation lithography equipment into the factory

* More comprehensive traceability of individual wafers to identify problems to specific process areas

« Comprehensive management that allows sharing and re-usages of complex engineering knowledge
and contents such as process recipes, APC algorithms, FD and C criteria, equipment engineering
best known methods

3. Increasing global restrictions on
environmental issues

» Need to meet regulations in different geographical areas

* Need to meet technology restrictions in some countries while still meeting business needs
» Comprehending tighter ESH/Code requirements

* Lead free and other chemical and materials restrictions

» New material introduction

4. Post-conventional CMOS
manufacturing uncertainty

« Uncertainty of novel device types replacing conventional CMOS and the impact of their
manufacturing requirements on factory design

» Timing uncertainty to identify new devices, create process technologies, and design factories in
time for a low risk industry transition

« Potential difficulty in maintaining an equivalent 0.7x transistor shrink per year for given die size
and cost efficiency

BT Bk LR A 2 2T
LA bR 5 L B 5,

IZHEFR T BIZIE. 5D A - =R H

BRI C BT B D BR & 40 iR

! Dandori operations: Peripheral equipment related operations that are in parallel or in-line and prior to or following to the main

thread PE operations. So-called in-situ chamber cleaning is another good example than NPW operations.
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A FAC2 2009 4FLARED FIARARETE H (S7o\ 975 B B 858 LR
Functional Area .
Key technology focus and issues
Factory Operations (FO) 1) Systematic productivity improvement methodology of the current “lot-based” manufacturing method prior to

450mm insertion

2) Interdisciplinary factory productivity improvement method such as systematic factory waste visualization of
manufacturing cycle times and factory output opportunity losses

3) Extendable and reconfigurable factory service structure

Production Equipment (PE) 1) 450mm production tool development
2) Hierarchical service structure for functional process execution and process control

3) Realization approach to reliable and predictable equipment availability and process performance variability
loss reduction by EEQA (enhanced equipment quality assurance) and subsequent systematic and
comprehensive equipment health monitoring endorsed by bidirectional equipment functional visibility

3) Run rate (throughput) improvement and reduction of equipment output waste that comes from NPW and other
Dandori operations

Automated Material Handling 1) Reduction in average delivery times,

Systems (AMHS
Y ( ) 2) More interactive control with FICS and PE for accurate scheduled delivery,

3) Less wait time waste realization by such as near-tool buffering

Factory Information and Control | 1) Increased reliability,

Systems (FICS
Y ( ) 2) Increased FICS performance for more complex factory control

3) Enhanced system extendibility

Facilities 1) Enhanced extendibility
2) AMC management, electric static control on masks, wafers, and, facility surfaces

3) Facility cost reduction

4) 450mm unknown requirements

T77IRN)— A X —gy

T7IR)— e F R —aDF L VEIE

57 T LA D -
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ZOFEIT, TNENOEBIEE O L FEMICEEHLE T, EEICE T ARE T AERAE T Il
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STV,
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(2R U TIRSRNE T AR PEME IEBR D HEBRA ZE R A 28T CEMT 52 ThH M7,
ZOAEFEMED IEERPEFREANTICE - T 300mm BT = — DI AN 30%K TS, B, A7 AL
BT HZE T Moore’s Law (ZIBHET 222 HIE T, ZOH LW IO ZEI TS R o R F O X
AL ST 2012 FEPDIEN, 2014 FEFTICEBINDTEA), ZOEFEMSERENIAT 778
— AT —ar O TIE NGF (R A TH) L6t — L THEA TV,
NGF ZF—A
KERAPEM S ED BAR 22 A% — LA T, 300mm ™7 T4 LB T, NGFEWIIEFR T 7a< Lt 4
EMERTHERINTEERETHD, 7778 — AT 7L —a Hiili R B SIXITRSIEFH D/ —k
T =D AEFERLEAF — L DONTOA T Y NMHE L CTRVIAT Z 21Tz, 2B, 77718
— AR =3 DR D SN D T AR T AL TH A 2 LIZJEITAONGFH A KA 22 LISMID
19 OAFEVELEH BYAN THD,

2 http://www.jeita-smtj.com/pdf/300P_GLv2.pdf
® http://www.sematech.org/meetings/archives/ismi/8798/NGFBriefing.pdf
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T IRN— AT L= ar iR B AL D NGF OFERIL, BN EEEELZED ., 25 on]
BAL SR EF SN T ETE B A FEME TED NGF AL 7 FANTGZF 2T % F TRk ) 4 SR 0 70 26 PE M 4
EROHIITE BN LD KIE /e A FE M TE T D,

NGF JEENI R TESL 300mm & 450mm Ol 5 I B2 M OBFINZ T A+ — I AZTHIENTED,
450mm T551% 300mm CTHERSAVZHINIC L > TR 21552 L3 TED, 2009 40 FO TR %%, NGF
DERFIHEMO TR FNEEZIHEL THELIL T D, FO TR £ICHHERIA H 1% NGF D 23R % [ il
SHDHINTETEINTND, ERIL FO TR ZFONEOEKRTHEZ A% > TR BESRLARNLH
RS DLERHD,

A PEVETEBC D

T7 I N — AT T —a R RS, 2009 FFARIZ 2 DOF LW AEEE LS A S A58
PRELTZ, TNHIE, T e— O LI EEEL (WTW) L35 H K (EOW) THY., 2014 ZIZHHERL
T RNEZR A PEME M B2 BT 5B KL TND, r— Ry A OFFED L PENE BB A FL 72
Ll TN e AT ar BN R B DA — T B R AL D, IR o
7o RS TN DA PEMEED AT R AT 57-0121% . KA B A PEE A 2 D5
BEEANTHIENTFETHD, ZNOFEITR AT THY, TIHL L O A FEME RN BRI E TX
LD THOVLENRGDD, ZOIH7RRIEEHH Z LI L > T FriLWRLE G A, BEHIEE T L H D0
ET VTR LD FESNDLZENHIFFTED,

YA DB A ADITIE

TN L T B ERNHAIEE T L7257 2 DOV AINAALDFEIE TS, 2T T o B,
DY AT NEALPEIRITETA T2 T TR 7 A THOE B AL CEX2B2 1T Tidkel, LHEO
AHEMEHOEE CHHERB SN TODINLTHD, FIED 1 DI, 25 DOuy A X TEESND
BEDYV AT NEALTHY, L 12 Oy M AXTEEINDREOT AT NVEA LOFERETHD, Zi
BT LIRS T ELRIEIZE > T, @RI T A v SRR R CESRSILOFHEZ KRBT LD BRI THD,
ool " o0uy M AXTCRLINZ THRHEOERFZIUCROLC, flix ony M AXTERSL
TWAHREET A HDOVE /NSy NCAFESIL TCWDRLET A ThHo THHH DOV A7 /VZ A L3N
B TODD DRI A TOZE N TEDHTEAD, ZHUS K> TEVZR T A PE O U EE L5
ZENTEDIEAIL, KT DB DZER , ZEE O v BB =R & D\ MTIEE O BBIEDUE I B 2L
TEDHIEAY, ZOIHREINTHL THOY AT NVZALZONTO AT, KIRIRT A ThoTh A
72t LT AT 52808 TED,

Y DI DD HE

T~V DY A7 VA A LEEEKFERE (LI WTW : Wait Time Waste) [Z1- DD =— ) TN TREBR
L= TORBRHOfEZ DO~ A7 BRI CTRUIZEEL TERIINTND, A—/N—Fy Ay
F(ELF SHL) D T~V DY AT NEA LT, FDTA L LT BER T /ND WTW DOFERELTEZD
ZENTED, YATNEALDBEERDEFR S AT NHALFEFEDERAE (5 R 25 #0) 76, 2D SHL
DY AT NHEA LONEENICT-H DBY AT N E A LDEEERE R L CNDEEZHND, 5i& 1L FO TR £0D
ARSIV, WTW 13 B & O TH#EET — 20D EERICHIE Al B Th D eV T LI L EHEE
Thd,

EE B DI

HEE ) BEBK O FEHE (LLF: EOW : Equipment Output Waste) [ IR )70 25 & ALERRE ) LEE & AT
2E & Ete 1 HWEND 1 7AW ole It RV TR - 2B LB H D ELL TER
TS, B3 [EAVERAE ) Lid, 7 e ADE B 72 UISHEFE I E AL A5 T TV D EE DAL
RN AT, LHL-VLOLEE H ) HEEROIEIR T, HO- G OREITb iz 2 O EEOFFS
EOW Z &L ADLE CRIEEO G THRLIESILLIAEEL TEESN TS (%],

77N — e AT T —a iR B A TIHEE O — I OV TR e — XA 21TV SO
BURMEZST203, J0ELDOT —#NIEESNAHZET, N EHINLIMLE R B D,
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D T — S FWIHEXR 77 ] A TE

THEEICEDL =TV T NEORWEREL T, I EL<OBE T — X2\ K0 IEfE7 ] Wy
T HIENERIN, ZNDHTRE T — 2B I ERTAT L QD 2O =TV T OERE T
T2 OITWEIRZ R, BB T — 2 Z IR T 528 T BHEEO @ I E 357 LT X A
ERFEL, BWEREREFFOE B EM 72T — XSVl B Wi 23 522 THY, BicZo sk
DL ET ML TEDRDOEE THAHT5E THDL, WXL TLGTHHTLT =21, 2085
IRETIVERNROEMEDN T ICEIL TR FHSE D LN H D,

2009 ERND FO TR FILHTLWERE L CHEE o W76 /A kM 2 48# L T\ 5, SECS Y uhaL %
FIRAULET —2FHOBE ST, EO2—Y THHT NAAA—=IRELF T80 THY | 2E
T =27 e RRREE KT NNTA—H =X T HIDTEHF STV, BIZEE T — X ORI H ik
I%. FZ APC X° FDC OFIHDEANC RS TR, 7 S A AR DFEF O T D I REN T HEN
EEZLN TN\, ZOMBEPIT TR L TRk L TR, EEY 7' I 4 v —Ic LD E T — 2 F| %
ELTWD,

EEQA(GRAL S A7 4 & 0 b {471 : Enhanced Equipment Quality Assurance)® [33E[@E V77 A ¥ —H34%E
B OREREMEREZ TR LR T A& 25 T — XA KWL TITV, & #%Mﬁ@dﬁ ZBWTT A
ARA—= TN [E— DI E T — 25T, EFEEO TR T ERREMA @@/\ PERERRAITOZ LA G| &
S EVIAF— L THD,

BRI E T I A v — LS 2 — P ORI ~D RO T DR E T — 2 DOF%FHIIL, BEEKHIH D
DI T 2HERE B ANETHD, BB (BB GT = — "~ O TAERELS A DOLEE D
T2z EHEEE AR ) b Al kL . IV EBKHIR O S %2 5 2 2391 upquréSzI“Léf\’a“Tébé
ITRS D7 77N — AT T —aFiiiiZE B a3 E 0BG A b2 B0 FF 28 m X, 2

— XD ERFE G DN EEVI OB ZH D06 TH D,

A50MM BT TIC BT T 5155

FO TR RIZHH T2 F 450mm (Z[EA D ERFHIZOWTEEmATT72o72, 2009 FEERRICINERT 5
RE 450mm [EAH OREEIRIHTI OV TOERFIIIE) 7225, 300mm L TORBEIEMIT 450mm
THICHEHTEDEEZLNA L, £-5x6795 300mm @ FO BESRFIAT 450mm (ZH@ THHEE 2D
D,

300mm @ FO FRFIHELITALIICERRS 450mm D ERFIHENTFIET D, —BRAMRZER T A2
ZALSDERFIH THD, B — L& EETHLEE (B, mRMRALLERE) ClXmfEIctpL T
F UL 23R AT REA IS LB T D726 . B OV A 7L Z A 2% 300mm (ZHER L TEL AR, AL
T HESREH R WELRDRETHD,

MENIZDIIRT 2 — NEADIRLFIEE BB LIRS FO TR EE 5 A _RETH D)3, 300mm E[FT
TG A R E T DN E TR, A EMEEEROHIE S22 51%, 450mm & 300mmé D REIZ5R
WIEDME N TFAE T D EB 2B ND0, AR L7591 WTW ([ZoW T, IVEEMZman vzl ThH D,
450mm (Z[EA OERFESC, PRI ZURFHIZOWTOEHRMAHIDIT /X, BiEd 5 TR &I
ASBHEL T FETH D,

PR s X T

Ty TN — AT T —a FIR R B B BEEAEFES AT ADFEEET 2019 FFDTHHERELT-,
ZORMOAFE TR Eeu—RN~vy 7 EIZRETHI8T, KA 8% > T NGF O EMEEZFFD
BRFHEZOD— R~y T HZEICHE N THD,

oA pe 7 0%, vy MEE T AT IK 324 EEME O HEER . B WVALERG DR, oo MIJVEE 2 1T 3
& H S OB DR TR T AL E -T2 D Th D, MIEEAPES AT WA FELEE | MEE THA

# “Requirement on Enhanced Equipment Quality Assurance upon Equipment Installation™ http://www.jeita-
smtj.com/pdf/Request%200n%20EEQA%20English%20Translation%20V1.0.pdf
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VET 2 — A EEHIE T AT A BEMEE S AT De 8 ORI AT A0 i E e RS BRIkt
JET DN DD, PRHIEIZI NI THY, 1 1 DT ==\ ZHONWT, FrEAT7n—{lihs727'"
BADEATAT V2=V 7 hiD TIEMICSLEZSN TV DR E R DD, U x— IR E~OEE - 1
FERFRI S HI S, WTW & EOW [ZOWTR/IMESN D IO ICHITHS WD MR DD, TESHEWT 1
T RIEEDOBEST LR DTGB R ETIT, BT BB AFATL A D AT V2 —VE, EEZ T
ALY = — A~ F D THEI AT TS, e R = — AL COREE TX 2T
NGO, APC 11D TR IS S AR IEZ2 570, T —ALULdD APC ZENET 5
129012, T~V ORI R HIEIT LA D Z LD,

HERTFENER

T IR =g ORT LT Y 2 a g, BEERIE T EHT DU TORRMSE L~ L I
DY =L & THHIEIOT-0 DEARL ~ L ORI DT80 DWW SR — T TED, ZD2oDL
NN DYY 22— ar OREREREIZ R EERD0, RITHRTIET A DR RIERIITHHTH
Do BETL DY — T, THRNOREBEE LML T — 2 IBBICT 7 EATELUERDD, — ik
WL ~L W S B — i, THRO L IKWEIAND DT —Z SN DV EIL R —T 7
DHREAFF SN B D, RIS, (T, EOR %, LR FR%E T UEE O ODERET D2
CIX BAF IR A FEEHERH I A D ZETH D,

R~ D PSS BT . BIE T TR O AN 75%% 505 S b T, flkitE
DRI Y = — A2 AN EE LR LU TRERB % LD D, Tz — 3 ANYET DI, EEO
B, nBHEIR EEOBEY . vy Ty HANE, EEO TS AR EICLARENIE T EA iE
THZENEETHD, R T EA A 2= 7L, EE OB RA2 U ET DY 2> TR —&
BROEEN AL, A ZALDOWEITL ST, PAVNZALDYGEITH BT DI LN TED,

VT NEADRT D 2= T T g Ay F 7 ROEE & A Bk S 27 A0/ A HIE, TR 4E
(PM), A4, ZL T, BT 5YY —ADRY Y a—Vr FEDKE D, WIP O, A2 LDT
VAN — BRI LR ) DUCEI L ETH D,
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ZFFAC 3 TN — e F R — S a O R

Year of Production| 2009 2010 2011 2012 2013 2014 2015 2016
DRAM ¥z Pitch (nm) (contacted) 52 45 40 36 32 28 25 225
Wafer Diameter (mm) 300 300 300 300 300 450 450 450

Factory Cycle Time (days/ mask layer) of product lots

for 25 wafer lots| 1.50 1.50 1.50 1.40 1.40

for 12 wafer lots| 1.00 1.00 1.00 0.84 0.84

Super hot-lot|
(average top 1% of lots)
Factory Wait Time Waste (WTW) (days /mask layer)

0.32 0.32 0.32 0.31 0.31

WTW for 25 wafer lots| 1.18 1.18 1.18 1.09 1.09
WTW for 12 wafer lots|  0.68 0.68 0.68 0.53 0.53
X factor 3.10 3.10 3.10 3.00 3.00
Factory Equipment Output Waste
y Bquip uipu 45% 45% 45% 35% 35%
(EOW)
Bottle neck equipment
Utilization| 92% 92% 92% 93% 93%
Availability| 94% 94% 94% 95% 95%
Average delivery time (minutes) 5 5 5 45 45
Overall NPW activities versus productlhon 29% 70 <% o -
wafers activities (wafer move count ratio)
Bidirectional equipment functional . ) )
partial partial partial yes yes yes yes yes

visualization

Single Wafer Manufacturing System
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Year of Production| 2017 2018 2019 2020 2021 2022 2023 2024
DRAM 2 Pitch (nm) (contacted) 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
Wafer Diameter (mm) 450 450 450 450 450 450 450 450
Factory Cycle Time (days/ mask layer) of product lots

for 25 wafer lots|

for 12 wafer lots

Super hot-lot|
(average top 1% of lots)
Factory Wait Time Waste (WTW) (days /mask layer)

WTW for 25 wafer lots

WTW for 12 wafer lots L ’ b 0.20 0.10 0.10

X factor . 0 2.00 2.00 2.00 2.00 2.00

Factory Equipment Output Waste
(EOW)
Bottle neck equipment

20% 20% 20% 20% 20% 20%

Utilization| 95% 94% 94%

Availability| 96% 96% 96%

Average delivery time (minutes)

Overall NPW activities versus production
wafers activities (wafer move count ratio)
Bidirectional equipment functional
visualization

Single Wafer Manufacturing System

<5%

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | 4

Manufacturable solutions are NOT known _

TN — AR — g BRIE H OB

Item Explanation

Wafer diameter All the values are for 300mm wafer. Values beyond 2014 will be amended as more 450mm requirements become
available. Factory cycle time, for an example, is thought to become considerably longer than 300mm due to longer
process time of beam equipment (litho, ion implantation, inspection, etc.) for 450mm

Factory cycle time per mask layer (days) | A key metric of time to money and measure of total time to process is a lot cycle time per mask layer. For
25 wafer lot example, if a process has 30 masking layers, and cycle time per mask layer is 1.5, then total factory
(fabrication) cycle time based on 25 wafers per lot is: 30 x 1.5 =45 days. Cycle time for a 12 wafer lot
would be calculated accordingly.

Factory cycle time per mask layer (days)
12 wafer lot

Super hot-lot (average top 1% of lots) Assume ~ 5 wafers per lot. Factories typically prioritize these lots over any other lots; tools downstream are
factory cycle time per mask layer reserved for the super hot lot. As a result, the cycle time for super hot lots is considered as the fastest speed
of that fab line and for that product.

Wait Time Waste (days): 25 wafers in a | Factory Wait Time Waste can be expressed as follows;
carrier WTW (average) = X (wait time)/ N [day/mask layer],
Where N: # of total masks.

Since the factory cycle time for SHL can represent the least Wait Time Waste cycle time, the equation can
be rewritten with using cycle time values in the FO TR Table as the difference between the factory cycle
time of production lots (of 25 wafers) and the super hot lot cycle time.

=% (CTys-CTsyr) [days/mask layer]
where;
CT : Cycle Time for production lots [days/mask layer]
CTsur : Cycle Time for super hot lots/mask [days/mask layer]

The subtraction needs to be compensated with the number of wafers between production lots and super hot
lots. Waite Time Waste indicator is adapted for more direct visualization of waste or room to improvement
in terms of factory cycle time.

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009
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Item

Explanation

Wait Time Waste (days): 12 wafers in a
carrier

Waite Time Waste for 12 wafer lot would be calculated accordingly as description above.

X factor

X-factor is the total cycle time (queue time + hold time + raw process time + travel time) divided by the
Raw Process Time (RPT). Raw process time for a lot at a tool is the time it takes to process a lot on the
tool. Generally this time will be from when the tool starts to process the lot (and thus cannot be moved to
another tool for processing) until the lot is finished and can be moved to the next operation. X-factor is
shown for continuous improvement. Actual X-Factor values will depend heavily on WIP and raw process time for a
given process technology or generation. X factor deteriorates if raw process time is shorten. X factor improves with
lower WIP.

Equipment Output waste (%): 25 wafers
in a carrier, high mix production

Equipment Output Waste is defined as normalized difference between instantaneous throughput and
throughput averaged over a period that contains a usual production equipment usage cycle that includes
maintenance procedure (such as 1 week to 1 month period). The instantaneous throughput (TH,) is such
that observed during continuous runs of wafers without process changes before and after. EOW for a single
equipment can be defined as;

EOW = (Tst-THo)/THO x 100 [%]
Where TH;s is averaged throughput in a 25 wafers per a carrier manufacturing environment.

Factory EOW is defined as a total sum over all the production tools used for that product divided by N the
# of total tools [%].

Factory EOW =2((THas-TH,)/ THo) / N x 100 [%]

FIITWG conducted a preliminary survey on limited production tools. Factory EOW may be refined as
more EOW data become available. The values are for 25 wafers in a carrier, high mix production.

High mix operation

High mix is defined as the followings:

* Running more than three technology generations concurrently in the same Fab

Running more than ten process flows within the same technology generation

Running more than 50 products concurrently through the Fab

Many of small lots of 1-10 wafers in size

Running an average of less than 50 wafers between reticle changes for each lithography expose
equipment

Lot starts are based on customer orders. There is a daily variation in the number of lots you start with
different products and process flows

At least five large volume products (product flows) with no one product having >50% of production
volume

Bottle neck equipment utilization and
availability

A bottleneck tool usually refers to a lithography tool.

Availability is defined in SEMI E10 as “the probability that the equipment will be in a condition to perform
its intended function when required.”

Utilization is defined in SEMI E10 as “the percentage of time the equipment is performing its intended
function during a specified time period.” Availability includes setup, idle and processing time, utilization is
considered as time directly adding value of constraint equipment (usually lithography tools) measured in %
without sacrificing cycle time. Constraint equipment utilization (normally lithography) is the pulse of the
Fab and usually determines the output capacity.

Average delivery time (minutes)

The time begins at the request for carrier movement from the factory system and ends when the carrier
arrives at the load port of the receiving equipment.

Overall NPW activities versus
production wafers activities

Total equipment-driven non-production wafers processed on equipment divided by total production wafers
processed on equipment, for the same time period, assuming that equipment is running at designed
availability and planned utilization rates. Typical non-production wafers include test wafers, monitor
wafers, calibration wafers. The requirement as shown is for all production (non-metrology) equipment.

Bidirectional equipment functional
visualization

Equipment functional performance should be bi-directionally visible to validate equipment capability
performance at the time of equipment delivery to both the equipment supplier and the user, and it should be
visible to the user during that equipment is being used for production. Bidirectional visibility ensures
equipment performance quality traceability and efficient technical information exchange between relevant
equipment users and suppliers. Such bi-directionality is assured by standardized equipment data models
and quality.

Partial implementation means such as the equipment data available through SECS where equipment
capability behaviors are usually not intended to be visualized. So-called second equipment data port is
expected to provide such visibility.

Single wafer manufacturing system

Wafer manufacturing system that utilizes carriers with extremely small wafer capacities, or, in some cases,
handles individual wafers is thought to be an enabler for the least WIP manufacturing method. 2009
Factory Integration roadmap captures such manufacturing method to become feasible due to the strong
demand on very short product cycle time for 2009 implementation.

The factory cycle time is expected to be reduced significantly although more future study is needed to
represent appropriate cycle time requirements that meet the cost criteria.
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Byt

1 66

REILE O ETHEOIAV TV OHPHIL, 7o ALFHHEEEICBEST 22 TOT 7/ N — AT 7L —
vardEkegte, FLEENEa M —T EE 7o b REY 22— /L (EFEM : Equipment Front-
End Module) , B—RAR—k F¥V7T | V== \ER BAN AT LEDA L F—T 2= ADT 7— L =
TRITII =T VIEE~DH AL F =T 2= A G e, [ZEALDRGEIREL T A 7 —T7 = — X3,
300mm BATRFOIEELIC IS LS T D, SOIC T EH RO FEIEIL, FIfEICT 572012

D TR RIBEZNTZ, Z DGR PE (Production Equipment) TR 1%, 7' mE AL GHIIEE E O EhZ2 E M
LRFEFUCE T DB R DTS,

P SACIE K

2R E A FATE DT DT BN HN A A R L7 2 & 5% . EEQA THUWWMA TWAER TS EHERE
D v FE S B ARIETFNA 74~/1/Mf~tx%ﬂt%:u~4f MHEDT 4 —R R 7S DS &
LRV AINVPUETHD, TNHOFEROETHR FO OFMEFRIE CHRVHLA TV HHL i**%@ﬂﬁﬁ
A LS TOBRLRFEE D, BIERE L T ORD EELEECTHY, TG L 1T RS L E (207
STWD, T avRAFEIT AN, WYNR E ST E AL MEE DX AT i A% — Aa_oto
THAFSNDZ &I ii%f&;éo W o ) L R T EERE ) O RS AR T 5720 IS E R RE IR
BN EEQA ZftALUT-MEENEDERIET L TE=X—S N, TR B ARTA—H I o AfiEesET
IS TE=Z—SND, BE NGB OB RS2 AT O 72D 121X, 2w PN il 4 23 il 41~ R
FATICE > THRENTWATD BN O TX AN XU NTF —Z O] MR O 7= ’E%iﬁ
BRARo, EEIEEE T 77 N L ~UUIEEN B ORAR ~ L DA R MA B BRI 2175729
EVOVRLEE SRS FE NI E DN A~ DA XU NI ETH D,

FEBK D Kk

& UAEEM OB EAESE ARIZARDOHINAE N TOITIE, ERORE Rk TE72W T
HAHH, BEHEE O TR £IL, 450mm (ZHETL B L3 DB 72 A PEME O _EISHRHR T 5, EOW ZRiX
2009 R Tl FO O TR RIZH DAY, 2010 - LAREHESK O AU BT H T, BUEZEE DO FIZ EOW &
T =Xy IHENB LR, By L B I LA MR X 2 fE H 1T W T
FRZ EOW WA RN &R0 LAV, B E A OF#RIZ AT T 20BN H D, R AT 2 —=01H
A2 —EE LI NHOFERIL, BT A 2@ TR ATRIC T A3 B 5, BPR e A3
SHEEE DO a TEBRDER T D,

NGF E3k

BE DY T— N — VT HEOERDPFIET D, ZHUTIE, T EARE, 7o ATA—F §i
OB ZETe, ZIHOERIZEATe 72D AR D5 im 23 L B S LAV, T LIS
WTIEEWMER SN TE7Z, ZL T FI ITWG (X, 2y h_—Z2D7 =\ L~ULHIEI2S NGF O =/ L
VA SEEBLT 5 ECEAHIT Ch DM mA LTz,

B O T v ARIEIEA R RERENR TIE THIBEISIL TS, 2L TS E N 2 T AT —X
LLTEREND, ZALAZ T 1L, BN TRAL CODIRMD Gt AR OB) — DD
TXANT —HTh D, HEEIEENT — 21, ZEENTEIE, FEE N CRAEL TWARIERTIHLZ
BREN AN R EHT SN TNDTED :5Lf:%[%b4’m“‘/h%)”Task ID”ERE TN DTG e —fE IR ES
HRETHD, 777N VAT LT —ZOFH O, g E A F O/N— e — MR TIER0,
ALARE T VLG EE IS ELR S LD, 77%%‘/%7»&%@3?@5%0)%/% iHﬁé@&%Ax&‘/ﬁ@
*“~57753‘HR;%5W‘£ TG0, 77 7N —IC KD BTG % C il 7 il B BE A PE DT

FINRT TG0 ZAUTIEF IR B e R N B EEL 725 2019 FRICHEZDHTEAD,
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FFACA  RAFRAEEFHULOTD DAL THXANT —4

Data Usages Data Usage “Key” Information
Equipment activity context Time stamp for host observation
APC, FDC, FICS data usages ®  Tool name Inter factory-level
B Chamber index / STS (Factory wide)

B Processing index

Tool-to-facility combination activity B Tool name Inter-Tool-level
B Chamber index / STS External sensors need their own time
m  Eqstatus stamps

Additional sensor data utilization B Processing index
B Mutual control events

Within-tool activity data utilization m  TaskID Intra-Tool-level

B Processing index / Wafer +/- equipment heart beat frequency
locations

B Internal control events

AR ]

TN EORIERBE AL H—T = — X TIGEHIMEE T DX T Th D, Flx T — AL AT
11972 DF V7D Just-In-Tme (JIT) X° Deliver-On-Time (DOT) J& [, 7 v AMERE D X P72 281 %
HIESE DD DIEEMRERIE Ry by MLUE D72 D7 m— oy MBS o — EER 8 TH D,

R 7 meR) Y —=2AREEA LR T AEMETHASNDGEIC, FFAT DL EIZ O Ty —AL
AT AR A MR D720 IZF — 7 B AL VB O S CRUE I E X FRIC LIy = — A BL L 22 Ui 7
B7RVN, ZOERIT, HIEERENL I ON S A BT O 1A RA T 5, 0TI T 77 AT A3
BB R EA 2 DT AR L S Z T ANDINNCT T T ik HE VI EME ST, 2D L7
RS EE LD F R A BRE T DT DX B e 3 im s L B L 70D, < OE XA Y 2— 1T
kAL, WIP 2L, 8EEE OISR EMRTER S L, THN T PO AR NMIH 2 T2
LRSS ONDZ LT E T RETHD, T o AKIEILE EFRAMEDOTZD DFT LR —R(2720,
TEEARRCRFITEEZHIIK T AU ENSHZEETHL TWAZEBRFET REThD, ZILHD HiE
FRAZER S D HEH AT CEDIZEF LI e RN ML ETH D,

BT RETIHRE

DTN FDHROEMWEERFHI, JOERRONT —{fG S 2T A INEEFED J515 KO [EIL
EHAIHORELIC IV ERBEIND, Fi- e B BFEL T, MR EE L —T VT A HE IR D720
[smart idle) X [sleep mode] &V 072 B 2 ZAEEEH] EOET VL EL TRV ANDLZ L, SHITHT 2R
HaMBELL TWOAHIEIRIC, /T F150(AMO)BS LRI 2385, 12, mahRIEa ARD L E Bl % 1T,
WAART == P A X A~DBATIZ Y T2 TR A RIp~ A )V AR—1 o TS,
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Z#FACS5 B 1 R T R

Year of Production 2009 2010 2011 2012 2013 2014 2015 2016
DRAM % Pitch (nm) (contacted) 52 45 40 36 32 28 25 225
Wafer Diameter (mm) 300 300 300 300 300 450 450 450

Process equipment availability (A80) >92% >92% >92% >94% >04% >95% >05% >05%

Metrology equipment availability (A80) ~o8%4
(]

>98%

>96% >96% >96% >97% >97% >98%

Maximum allowed electrostatic field on

5,500 5,000 4,400 3,800
wafer and mask surfaces (V/m) for ESD

3,100 2,800 2,500

Year of Production| 2017 2018 2019 2020 2021 2022 2023 2024
DRAM ¥, Pitch (nm) (contacted) 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
Wafer Diameter (mm) 450 450 450 450 450 450 450 450

Process equipment availability (A80)

>95% >95%

Metrology equipment availability (A80)

Maximum allowed electrostatic field on
wafer and mask surfaces (V/m) for ESD

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | 4

Manufacturable solutions are NOT known _

ROEIE I RO BN D FREE DR

Item Explanation

Process equipment availability (Ag() Availability is defined as 100% minus (scheduled downtime% + unscheduled downtime %). The metric in
the table is the requirement for an 80% confidence (i.e., equipment is at or above this value 80% of the
time) for each individual process (non-metrology) equipment, over a period of one week of 7 x 24
operations. Scheduled and unscheduled downtimes are defined in SEMI E10. Note: The value shown in
the process equipment table is the minimum A80 value for all equipment - please refer to the Factory
Operations requirements table for availability requirements specific to factory bottleneck equipment.

Metrology availability (Ag() Availability is defined as 100% minus (scheduled downtime% + unscheduled downtime%). The metric in
the table is the requirement for an 80% confidence (i.e., equipment is at or above this value 80% of the
time) for each individual metrology equipment, over a period of one week of 7 x 24 operations. Scheduled
and unscheduled downtimes are defined in SEMI E10

Maximum allowed electrostatic field on | Refer SEMI standards E78 and E43 for measurement methods. This guidance may not apply to EFM

wafer and mask surfaces (V/m) for prevention. See Crosscut Issues section.
Electrlc. static discharge (ESD) (SEMI E78: Electrostatic Compatibility — Guide to Assess and Control Electrostatic Discharge (ESD) and
prevention Electrostatic Attraction (ESA) for Equipment.

SEMI E43: Recommended Practice for Electrostatic Measurements on Objects and surface

MR IE S AT 2

PEHRET AT A

ZhER Y CHRIEZ R B 26 S A B D ST A TR E L R BOFEAY, 300 mm 7 — ~LUEO HEAL
DI BHEE T AT DA T 270 D FEERJRE) ) 2725, HEMEIES A7 A(AMHS)IX, @ 0~ 1
TAT7 =TS TORMERE TR L THEEENRA L ZT7 = — A% FFBRN0, + o E R
(ROI; Return on Investment) % _EIF 7217 1UIZ72 5720, AL — 7 M RE NS, S mReR 13
Mg L7eir iudrebreuny, SHIT, BRI AT AE THA~OJREM, ZRikPE, BLOWMIL KO ERIZ
RS TEDLIDNTHFISNDMEN DD,

MBHBE S AT LD R T — 7 /WL, MPEHEGE S AT LTk 25 E AN 5120, LM
E TR INIMGE T AT L3 A ST —ERE I AL I MEE T —ERIZEEDHILTD
SKEERHHEVIRHRICISL > TELILTND, LIDLEBIRN— DDV AT L ThHDHEN, —DDY T
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— BRI NAZEEZBE R L TWDDIT TIE R, VAT AT AEBIEOH LGS 7T —0 b7
VAT A EOFHHOM A DD DR SLAME L,

THTORMBAINTIEBEL AT TN, QUL E LA S5 B O Bl 72288 G 12 kD . K0 @R w FE S A
ZHTEOTRRENHBE SN TR B20, SHIT, HEOdEY, HEOBEEA LIET528%
AMHS [ZER T2, FTETRER LHOEEIZOWTIHRET T 20 ERH D,

BHERHYIRAEFEDT-DITIL, WTW & EOW ZHIT T IR Lk AT L& B E LTz WIP DAY 2—Y
T T AR TF LT VAT DR DM E N B D,

% inAE /Ny M BE DB IR TSR T IR 72 B0 L, By YA XDV NS 72 DI DI TR EL 72 D8k
EEREDOR —RFZIZOWNWTHRMIS VDML E DR 5D, IC A—T1—IZLDL T 70 HERIE S AT LD
BHETOINENI LD D RRET LD, LF IR AT NIV Y 757 3B O K, AL
— 7 yb BH I KRG REOAUICEREL 5 2 Ty,

450mMMm

450mm OYERI 72 AL BT 2 —ALFX V7T (PIC) Ot L FHMIE B XBEIC i E > T D, AMHS OF W
ANTIEE T TOD = — PR EMR S (EFEM, 44 EFEM, $EE NIRE ES DO RE IRaHE i k- T
IEEBEINRTIUZ RS0 LR, AMHS 7 AR EE 52 DM OHE BT, 450mm O 1.5
DY AR TI[HLAT IR, AMC OB TIGNERTHAV—T Y e AT NVEA L ThHD,

HEERD /D72 NG DT80 | WAL P REZR R E Y — V[, 7 B AD R EFLFAIC BT ARIEY =N — R

ZFFAC 6 MEHE LS AT DO AT EE R

Year of Production 2009 2010 2011 2012 2013 2014 2015 2016
DRAM #%; Pitch (nm) (contacted) 52 45 40 36 32 28 25 22.5
Wafer Diameter (mm) 300 300 300 300 300
Transport E-MTTR (minutes) per SEMIE10 10 10 10 10 10
Storage E-MTTR (minutes) per SEMI E10 20 20 20 20 20
Transport MMBF (mean moves) 25k 25k 25k 35k 35k
Storage MCBF (mean cycles) 100k 100k 100k 150k 150k
Stocker cycle time (seconds) (100 bin capacity) 12 12 12 12 12
Peak delivery time (minutes) 12 12 12 12 12
Downtime Fo extend system capacity when previously 15 15 15 10 10
planned (minutes)
Time required to integrate process tools to AMHS 15 15 15 12 12

(minutes per LP)

T %S LVFFEE /NS Dy M A Rk 28 R IR 2R E L TSN O E DR B D,
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Year of Production|] 2017 2018 2019 2020 2021 2022 2023 2024
DRAM ¥ Pitch (nm) (contacted) 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
Wafer Diameter (mm) 450 450 450 450 450 450 450 450

Transport E-MTTR (minutes) per SEMI E10

Storage E-MTTR (minutes) per SEMI E10

Transport MMBF (mean moves)

Storage MCBF (mean cycles)

Stocker cycle time (seconds) (100 bin capacity)

Peak delivery time (minutes)

planned (minutes)

Downtime to extend system capacity when previously

(minutes per LP)

Time required to integrate process tools to AMHS

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known | 4

Manufacturable solutions are NOT known _

BEHIERE S 25 A BRI H D]

Item

Explanation

Transport E-MTTR (min per SEMI E10)

Mean time to repair equipment-related failures (AMHS Transport); the average time to correct an equipment-
related failure and return the equipment to a condition where it can perform its intended function; the sum of all
equipment-related failure time (elapsed time, not necessarily total man hours) incurred during a specified time
period (including equipment and process test time, but not maintenance delay downtime), divided by the number
of equipment-related failures during that period.

Notes: Refers to unscheduled, supplier dependent failures. Includes interbay and intrabay transport systems.
Offline repair of components is not included in this time. Includes embedded software control systems (transport
controllers). Does not include storage AMHS equipment or errors induced by the storage equipment. Does not
include load port, FOUP carrier, or MES level software issues. Does not include reticle system.

Storage E-MTTR (min per SEMI E10)

Mean time to repair equipment-related failures (AMHS Storage); the average time to correct an
equipment-related failure and return the equipment to a condition where it can perform its intended
function; the sum of all equipment-related failure time (elapsed time, not necessarily total man hours)
incurred during a specified time period (including equipment and process test time, but not maintenance
delay downtime), divided by the number of equipment-related failures during that period.

Notes: Refers to unscheduled, supplier dependent failures. Includes storage equipment load ports and
embedded software. Does not include interbay or intrabay transport or incidents induced by these errors.
Does not include FOUP carrier or MES level software issues. Does not include reticle system.

Transport MMBF (mean moves between
failure)

Average number cycles (delivery from point A to point B) made by AMHS interbay or intrabay transport
equipment before a person has to intervene to fix a failure. Number of transport moves / Number of
supplier dependent unscheduled failures. Reference transport MPH definition for details on move.

Storage MCBF (mean cycles between
failure)

Average number cycles (delivery from point A to point B) made by AMHS storage equipment before a
person has to intervene to fix a failure. Number of storage cycles / Number of supplier dependent
unscheduled failures per quarter. Reference cycle time definition for details on stocker cycle.

Stocker cycle time (seconds) (100 bin
capacity)

Stocker cycle time is defined as the time (in seconds) from when the Host(MCS) issues the move
command to the time the stocker signals completion with the move complete command to the host. The
physical motion is the stocker internal robot moving to a carrier at a port or storage bin, picking up the
carrier, and delivering it to another port or storage bin within the same stocker. Stocker cycle time shall be
determined as the average of several different types of moves over a period of time. The moves should
include all ports and all shelf locations. Each move needs to alternate between different carriers. The
maximum MCS communication time is assumed to be 1 second.

Peak delivery time (minutes)

Peak delivery time is considered the peak performance capability defined as the average delivery time
plus two standard deviations.

Downtime to extend system capacity
when previously planned (minutes)

Impact to material handling system in terms of downtime, in minutes, of the material handling system,
required for making connections to system track extensions or a new storage when previsions for this
expansion were incorporated in the original design.

Time required to integrate process tools
to AMHS (minutes per LP)

The downtime to the transport system when a process tool is integrated to the AMHS. Addition of tool
occurs on a track with existing vehicle traffic (no bypass units around tools). Assume tool is placed
correctly and physical tool move in does not impact the AMHS. System not stopped for PIO install (tool
side). Time includes: hardware install on track, teaching LP, software updates, and delivery testing. Scope
ends when all vehicles have capability to deliver to new LP.
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TH BRI 2T A
1 FH &6 B

T 55 WA #1227 A(FICS; Factory Information and Control System) D&%, 22 2—&/—FK1
=TV TNy T | BUEFATEREIE L AT A, TIGAT Y a—V0 7 HEE e AT 2Ol X
O e ZHil# A5 A TWD, FICS 1, . L@ | SOEIEE LA AT 2% 5T ITRS IZXE- T
o BNL OO BEHEEES BB TC, ERRAL T TANT I F 27 L7 il RErE 24295,
THAEIEOLE

THTESAEESEE R RIRIZL, 22 Ery MeRIBRICE R E O @Ry b o BIEEAERB X
OVEPEREMZ IR 2T D72012, THILZRWIEEE LSV MTREEAY T IR B IGTD72012, 5
W& T A F LT AKX — D BRI T AN TERITIEAR B0, 2L, fOFICST 7 /47
—ar ~OERERRCEN EOAL I A E L QDL ET AV EERL TS, Gl B,
DU E O T AN — I\ OB R E B C TR ALERT &) R EOBREITHIZETHD, T
IEEOILNFEH ORI B T OAr Va2 — U 7 HEZA L, THICBTA/NSRz 7 U EOWREEZTHIE
WATRECTH D, BHRITIV KX THFIH . L@ —F b ZFLTHAINZA DEBOEIFHE 725,
EVRAL LY TR 2T VAT L TFICST 7V —ar O b, & O O 1B/ T8
7T — 2B IO N T % 7 OB LRI T D, MR R ML, A EDOZDOL L Z A RRIZ T D4
(512 IESOAP /XML DFEHEAV 2 BE L5

T DYeE

R UL, FICS R IRIZHRKITEL TV D, Run-to-Run(R2R) i, #f& 2 %1(FD: Fault Detection),
H X 43 (FC: Fault Classification), #f& 7 l|(FP: Fault Prediction), #t7tH)~ 7= AHl|fH(SPC: Statistical
Process Control)72 L % & te i £ 7 v Al A7 2 APC(Advanced Process Control)zF| 357 1tk
Afill4E s AT (PCS: Process Control Systems)id, JAHIIZATZIEY, FICS fERIKOEHKIIRE - TITL,
RIS ST PCS fRIRRIE, A7 VFA L A UL ERERH), SHET, BHEBIA S T 2 A L7 ED
BECHR T o ATT T EVT =T~V OB ERIRFIZ, AR ET v ARE ) DOk EE A HEIC
LT, Vo= LRI LIZH T T 2 — AL ~UL TS R2R HllIE S —TF v /L A e P (virtual
metrology)ZF| L, BB CRTFARURELTT =2 RFICHE RFIGL T T, BY-mo T
7 -CD o ha— L7 EDFY 2— LRV AT Y 2 — /UHIfREI R IZ LV ET L7200  R2R HIlEEE /134
B A=y BREFEO L7 TGV~ VO /RT2—4 BEEIZEBIL T<5,

SRR A(FD) S AT MR ALK T 2L RON DB ERE T @ T — 2 TV T DI
T, R2R IR 5N —=F ¢ L Abru P VAT MIATITHL VB AT YT OB B ThHREN AT D,
e X553 (FC) & BB T JI(FP) X Ee i EAEYE(L D~ — R ED | FIH OIER B EL/e>TH 7 1
B R D 5B R RE AR O REE A HIJk 3~ A 2 & T& D, SPC 1TEATOFIH 200k S 415 B P9 fE
IZE> TRV T 280 Ch 5,

FICS %, APC, EPEFITU AT A(MES), ZEEMRENT >~ 7 (EPT: Equipment Performance Tracking).
TIHGAT Y 2—F T 4 Ay F ¥ BLOH LT AT A(AMHS)D B O S8 7 G b &2 e it 375, &
AT DA T TV —=2ar DZOL VT, SEEA APEZ R RIRICT 572012 WYk vybh v =—
Z i YR G AT I U7 R A > TRAE T D2 L2 M T D720 IZE RS, £L T, 777 Iblco
T AVET 2= ABBIOT TV r—a ER O 70 OB HE MO A, I x> kY —
I DR L OVER(F 512, AXUIRY T UL FICS, B DT — 20U =T NI ABLNT —ZET /L DH
LD FRAE R AT BEZR B AL I BE /112 Lo THIBEIT 72 D,

® SOAP: Simple Object Access Protocol, Service Oriented Architecture Protocol

® XML: Extensible Markup Language
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T — &K

I FICS VAT MERRETRE, L0/ ESay M AXBI ORI Z A N7 v AT RO OT —52D
RHEHA L L O, FICS [ZE - TEESNRT IR WK LI Ayt — U & T — XAt
HiE519 5, B E L SER AL E T — 2 E T e AHE(APC) T — 2 B L O E
PERET —H (~ A7 a— JE N BIONBERE G OIO e BE KRBT VT 2 — oG AT REDT —
ZEE NS5, FICS 1%, ¥ 257 —HiRds =0, BML 72 MU, fRE B L OMEIEDE BRI
T HIZOITHEIRMEZ A L CORIT IR b7en, B S A7 A3HETEL TRV 3, FICS Mg L T
SOVTFOT =BT TV —a IR BB, T —2/7 7V r—avix, THNO@
BHEIROBEAZEDO ST T, THERABIOE XA~ L0 E B EICH L THERERO A
N ET DO KEDT —2% T 4NV 7357280 FICS #E ) &5/t 7 %,

INHO FICS BHOERKIL, 7 —XWE, 7T — BB I OV VEE B Y O¥EFIEE~DIEL %
WG 5, KRy — v BT T4 HHWTENE FEFRSIIM BEREDO AL T 2 — A, IC A=,
BEON FICS 7T AY Ol FIZHERF B L O ANDE K EL 257, ZIVHDOFTLWVEREZBIRE T2
BRI, IC A=, ES T T4V B L FICS 7 T4 Y DO 112K > TR LT uiE b,
BB AEBYESEILL -7 7V r— a3, IC A= BIOY T I AL DO I RS~ A X L0 | &
BT THILEmRRICL, A LD DRF#IB LA AR T2, ZiuE, HLWT 7 r—s
VAT T8 AT DV R 2 S5,

R ERE A THVAT A

FICS A2 77 AN I F |2k F 5 THORFIERIL, T AT AOBHESE I Ut 5, iU, &
H72 T AT WA HPE O EHERE, T L CTRBRT 7V —2a OB — O EIC L > TH[E IS5
SERIRT 7T TR ORI ST AL AT HIE~DOBLEILRK TH D, FICS Hiffi Ek#FK 4
SR, D FICS R (/7 N =7 BLON—RU =7 Ol )X, A AN— VT 0T v 7 7L —
R4 D7D FHE S TZZ T o H A D[RRGS O T3 AT At HEBR 45720 O i fi ik 3
ZRBLLRT R D7e W, FERRIERIX, X AT Iv0 72T o7 T —R | TV AT AR EE
BRI DZENARETHY, B—R AT T EB &R T IENARETHD Y 7 =T T 7V r—ar B
FOREFZEBIDTCD DRI ATV NN—=RT 2T Ay F 7 TT 4 — )b h=h T h=a ' a—4
VAT AN TEDY TN 2T T TV r—ar BLOT —Z =20 fELTNWD,

PANR—EX2UT 1L, lfeE LEEM B BEIE D R, 2005 4 3 AIZ ISMI IZE- T, H&AI
P AR =X 2T A D7D ORI FRER FIELE SLEA LI AN =X 2T AR T AL BN FER SN,
PAN—EF 2T 40 LT, B ERRE KT DB O DS EbTob L TNHIEIZLY, 2O/ AL,
LETE N DI PE(IP: Intellectual Property)a PRil 752 LITE > TETND, PR RIELLE 1T, BIE,
TV ETET V=X ANIE ST FICS AV T7TART 7 F X ELTIA ST, 1P PR ORELRIT, 1E
L~V CHERMENHHERBEICBWCER MW B ERICE R THD,
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S 2407 — S p— S
HZFACT  THHFERHIH X T ADLEATER
Year of Production| 2009 2010 2011 2012 2013 2014 2015 2016
DRAM ¥z Pitch (nm) (contacted) 52 45 40 36 32 28 25 22.5
Wafer Diameter (mm) 300 300 300 300 300 300 450 450
Downtime of a mission critical application | . | gomin | <asmin | <ssmin | <25min | <25min | <25min | <25min
(minutes per year)
Unstfhe(.iuled dentlme of a mission critical <15 min <15 min <15 min <15 min <10 min <10 min <10 min <10 min
application (minutes per year)
Schédulf:d dovs.mtlme of a mission critical <40 min <40 min <20 min <20 min <15 min <15 min <15 min <15 min
application (minutes per year)
Wafer-level (within-lot) recipe / parameter Partial Partial Partial Yes Yes Yes Yes Yes
adjustment
Withi f ive / ter adiust t Partial Partial Partial Partial Partial Partial Partial Partial
1thin-waler recipe / parameter adjustment |, iy 5y (Litho) (Litho) | (Litho#) | (Litho#) | (Litho+#) | (Lithow) | (Litho+)
Relative accuracy of mission critical FICS 5oms 5ms 5ms 5ms s e T -
clocks to fab-level time authority
FICS design to support peak equipment data 10Hz 10Hz 10Hz 100Hz 100Hz 100Hz 100Hz 100Hz
transfer rates (Hz)
FICS design to support peak factory data . 150 150 >500 >500 >500 >500 >500
transfer rates (Hz) kHz kHz kHz kHz kHz kHz kHz
Year of Production| 2017 2018 2019 2020 2021 2022 2023 2024
DRAM ¥: Pitch (nm) (contacted)| ~ 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
Wafer Diameter (mm) 450 450 450 450 450 450 450 450
Do.wntlme ofa mission critical application <25 min <25 min ?5 min ?5 min ?5 min ?5 min ?5 min
(minutes per year)
UHS(.:hec.iuled QOwntlme of a mission critical <10 min <10 min ?5 min ?5 min ?5 min ?5 min ?5 min
application (minutes per year)
Scheduled downtime of a mission critical ) ) ) ) : . )
L . <15 min <15 min 0 min 0 min 0 min 0 min 0 min
application (minutes per year)
Wafer-level (within-lot) recipe / parameter s - - s - - s s
adjustment
- . . Partial Partial
Within-wafer recipe / parameter adjustment (L;:;i) (L;Lt;i) Yes (All)  Yes (All)  Yes (All)  Yes(All) Yes (All) Yes (All)
Relative accuracy of mission critical FICS - . — T - e — e
clocks to fab-level time authority
FICS design to support peak equipment data| B T T . o T
transfer rates (Hz)
FICS design to support peak factory data >500 >500 >1 >1 >1 >1
transfer rates (Hz) kHz kHz

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known
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Item

Explanation

Downtime of mission critical
applications (minutes per year)

The time when mission critical applications is not in a condition, or is not available, to perform its
intended function. Mission critical applications are those required to keep the entire wafer factory
operational. Depending on factory configuration, these include: MES, scheduler / dispatcher, MCS, PCS,
recipe download, reticle system, and facilities control systems. Hardware, system, and software upgrades
are part of non-scheduled time as defined in SEMI E10-0304E, Section 5.10.1, and are not included in
downtime.

Unscheduled downtime of mission
critical applications (minutes per year)

The time when the equipment is not available to perform its intended function due to planned down time
events as defined in SEMI E10-0304E. Scheduled down time includes maintenance delay, production test
preventive maintenance, change of consumables, setup, and facilities related events.

>

Scheduled downtime of mission critical
applications (minutes per year)

The time when the equipment is not available to perform its intended function due to unplanned down
time events as defined in SEMI E10-0304E. Scheduled down time includes maintenance delay, repair,
change of consumables, out-of-spec inputs, and facilities related events.

Wafer-level recipe / parameter
adjustment

Within-wafer recipe / parameter
adjustment

Ability for factory information and control systems to run a different recipe and/or parameters for each
wafer within a carrier. Adjustments for later wafers can be made as earlier wafers complete processing
(i.e., wafer-to-wafer). This facilitates wafer-to-wafer recipe and parameter adjustment and supports the
ability to have multiple lots per carrier.

Within-wafer recipe / parameter
adjustment

The granularity to which the factory information and control systems are kept synchronized to a central
reliable source. This enables time-critical process control to take place in a distributed architecture. This
requirement does not necessarily require the increase in production tool’s control “heart beat” frequency.

FICS design to support peak equipment
data transfer rates (Hz)

The peak rate of variable production that the factory information and control systems shall be required to
support in collecting information from a single piece of processing equipment and transport to central
storage.

FICS design to support peak factory data
transfer rates (Hz)

The peak rate of data (in variables / second) that the factory information and control systems shall collect
from all processing equipment and transport to central storage, where the average variable size is four
bytes or less; if variable size averages are higher, the FICS peak rate requirements are adjusted so that the
byte/sec rate requirement remains constant.

77T 4
S & B

T T ATIT R, U b — A F LT R

EREL-REREESCFDOEL DA T T

AT LETEEND, (%Tﬁbf:rﬁtﬁ%“ﬁF”ﬂX/\HX%’&@“BF”ﬂIﬁ’ EEER, ) e AE O TR,

L3,

ZOREEITT T 4T,

HREE WD, il

GEEE | EEOT — )/ BB, BREE -2 fEE (ESH) O Z R | FHEEOTESLOREE#E | KBRS
FOTz— I AMEH H T, 77 VT4 R0A L T TV AT LOER, RS AR
FOZaRME, ZAHARTE FME (B HEME, R, BB RMEA E R LT T,
LL7e 3t BEILE GO ER  ESH 85T, 145538 H O Zedik ]

(R E KIE T,

WX, 77T DRE L EH AN

EAEE M O OB TSI L. RESEELRY TIHHBAI Lt T o,

Bk BB 7 v ANBERE ST OB, EIC7V N — AD RESETLRSETND, TORER, T
5. BUELERE | MEHIRIE S AT DO B L EMES O R G Fi2 RIS TG~ - 3% W R A fE o~ 7
VT A ANMHIOE T3 BREGRED I BLRDZ L O TR ERkZ K oD Td, s L E O
B ARSF BREEERET 72U T A4 A T TV AT LOEFH BASNT2—T AU T 488, ZL 772V
TAAN— (R D DL B WVFRFNEL, AT AR FIH O E, 77 V7 #0& Ll oAb ok
= INH0 BEEEZEMICAR IR Tho,
TV TADBEHES LA AN, A/ HEOFEHN, XVl ESH B, K0l Wik E <L E
(ESD: Electrostatic Discharge)x#, #f%15 Z(EMI: Electromagnetic Interference)%} 572 E 12~ THHY
KL TS, —ARA N CRLER & EORARE), M) ZN 7300 1L, 773 U7 4 ARDH R
LBV T o OB CROR D ESR A 12 A AN RN T T o —F L2, BIZIE 773V T 4 ~D
PRENER AN L, B8 A— A LI [E] CREE O R IR B A2 fefr 9D Lic L~ T EEME T
FUUTAIRENA AL, WA I TN T 7L T A a AR CE D, A« S O 4E P i
VAT AOFVERRZREFIL | R 8 2B SORFE =) 7 O - & il ZR ISR LT A2 &1k AN
ZHR M b GEAEEEICE A ThD,
R FEY~DELE
K[ 15 Y(AMC:SEMI A % > %' — K F21 SRR DI EIL, HiT2 72 7O Bk 2 I 72 15 Y i 1)
EHOTERL TS L, BEVFOBMOMEIOREICSZEELKITL WD, 77V U T4
T, #U72 AMC RO OIT, HEEA—T L OFRBE LI D,
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AL 0)4L P AREEFRIE, A, 3G, 2 —T U T 8D K, BSH 5P RIZE-> T, E&A-
LBt CnD, BT X 7427 L —hOBRREE AT, MEEEE A ko —BMHEOMREEE R
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Year of Production 2009 2010 2011 2012 2013 2014 2015 2016
DRAM % Pitch (nm) (contacted) 52 45 40 36 32 28 25 22.5
Wafer Diameter (mm) 300 300 300 300 300 450 450 450

# Mask Levels—DRAM 24 26 26 26 26

Manufacturing (clean room) area/wafer starts per

month/number of mask layers 0.017 0.017 0.017 0.017 0.017
SubFab to Fab ratio (see definition) 1 0.75 0.75 0.75 0.75
Facility service life (in three-year nodes) 3 3 3 3 3

Class 6 at| Class 6 at | Class 6 at | Class 6 at | Class 6 at [JOESSAR-\MNO IR (e C AN 1§

Facility cleanliness level (ISO 14644) rest rest rest rest rest

Facility cleanliness level (Airborne molecular

L Discussed in Yield Enhancement Chapter
contamination AMC) P

Facility critical vibration areas 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25
(lithography, metrology, other) (um/sec) (VvC D) (VC D) (VC D) (VC D) (VC D) (VC D) (VC D) (VC D)
Facility non-critical vibration areas 50 50 50 50 50 50 50 50
(um/sec) (VC A) (VC A) (VC A) (VCA) (VCA) (VCA) (VCA) (VCA)
Temperature and Humidity Specifications Discussed in Yield Enhancement Chapter

Maximum allowable clcctrostan’c field on facility 5,500 5,000 4,400 3,800 3,500 3,100 2,800 2,500
surfaces (V/m) for ESD prevention

Gas, water, chemical purity Discussed in Yield Enhancement Chapter

Facility power, water, and chemical consumption Discussed in ESH Chapter

Energy Consumption Total Fab Support System

B Discussed in ESH Chapter
(kWh/cm“ per wafer out)

Ratio of Tool Idle vs. Processing Energy Consumption

(KW/KW) 0.75 0.75 0.75 0.60 0.60 0.5 0.5 0.5

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009
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Year of Production 2017 2018 2019 2020 2021 2022 2023 2024
DRAM ¥2 Pitch (nm) (contacted) 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
Wafer Diameter (mm) 450 450 450 450 450 450 450 450

# Mask Levels—DRAM

Manufacturing (clean room) area/wafer starts per
month/number of mask layers

0.023 0.026

SubFab to Fab ratio (see definition)

Facility service life (in three-year nodes)

0.75 0.75 0.75 0.75 0.75 0.75

Facility cleanliness level (ISO 14644)

Class7 at Class7 at Class8at Class8at Class8at Class8at Class8at Class 8at
rest rest rest rest rest rest rest rest

Facility cleanliness level (Airborne molecular
contamination AMC)

Discussed in Yield Enhancement Chapter

Facility critical vibration areas 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25
(lithography, metrology, other) (um/sec) (VC D) (VC D) (VC D) (VC D) (VC D) (VC D) (VC D) (VC D)
Facility non-critical vibration areas 50 50 50 50 50 50 50 50
(um/sec) (VCA) (VCA) (VCA) (VC A) (VC A) (VC A) (VC A) (VC A)

Temperature and Humidity Specifications

Discussed in Yield Enhancement Chapter

Maximum allowable electrostatic field on facility
surfaces (V/m) for ESD prevention

Gas, water, chemical purity

Discussed in Yield Enhancement Chapter

Facility power, water, and chemical consumption

Discussed in ESH Chapter

Energy Consumption Total Fab Support System
(kwh/em? per wafer out)

Discussed in ESH Chapter

(KW/KW)

Ratio of Tool Idle vs. Processing Energy Consumption

T VT A HERIE H O

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | 4

Manufacturable solutions are NOT known _

Item

Explanation

Manufacturing (cleanroom) area (mz)

Manufacturing (cleanroom) area is defined as the gross space in square meters containing the
process and metrology equipment used for direct manufacturing processes such as
photolithograph, diffusion, etch, thin films, CMP, excluding subfab spaces containing support
equipment and facility infrastructure systems. Special back-end process areas such as C4
technology are excluded from this value. Foreseeable technologies that will impact cleanroom
size are factors such as additional metal layers, single wafer processing and double exposure for
litho.

\Wafer starts per month (WSPM)

Wafer starts per month is defined as the number of new 300 mm wafers introduced into
production for processing during a given 30 day period.

# of mask layers (low mix only)

This refers to number of mask layers of DRAM.

Sub-Fab to Fab ratio

Sub-Fab to Fab ratio is defined as the footprint of the production equipment support plan area to
the manufacturing area above. The 25% reduction in floor space allows for columns and safety
equipment in the subfab that is required by the facility. Relates to and extends factory operations
“floor space effectiveness.”

Facility service life (in three-year nodes)

Facility service (system) life is the number of nodes (process changes) that the system is
available before major renovation is required to meet process requirements.

[Facility cleanliness class (ISO 14644)

Z

Cleanliness classification of wafer factory manufacturing (cleanroom) area as defined by ISO 14644-17.

Facility critical vibration areas (litho,
imetro, other) (micrometers per second)

“Vibration critical” is defined as area of the primary manufacturing floor in which a significant
portion of the equipment is highly sensitive to floor vibration, the mitigation was not provided at
the tool itself, and excessive vibrations can have serious deleterious effects on product. Extensive
measures may be required in the facility’s structural and mechanical equipment design based
upon the needs of this space category. Vibration criteria are limits on vibration amplitudes at the
floor or other support of a tool, given as VC-x, where x is a letter designation from A through E

each corresponding to a specific vibration amplitude spectrum. Refer to [EST-RP-CC0012.2°

[Facility non-critical vibration areas
(micrometers per second)

“Vibration non-critical” is defined as area of the primary manufacturing floor in which all or
some of the equipment is only moderately vibration sensitive, and the structural system
performance can be reduced. Vibration criteria are limits on vibration amplitudes at the floor or
other support of a tool, given as VC-x, where x is a letter designation from A through E, each

corresponding to a specific vibration amplitude spectrum. Refer to IEST-RP-CC0012.2.

7SO 14644-1.: Cleanrooms and controlled environments, Part 1: Classification of air cleanliness
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Maximum allowable electrostatic field on
facility surfaces (V/m) for ESD
prevention.

Facility surface electric field limits apply to all factory materials-construction materials, furniture, people,

equipment, and carriers Refer to SEMI standards E1299, E78, 10 and E43 1 for measurement methods.
This guidance may not apply to EFM prevention. See Crosscut Issues section.

Ratio of tool idle versus processing energy
consumption (kW/kW)

Ratio of energy consumption of process tool and support equipment when not processing wafers
over energy consumption while tool is processing wafers per SEMI S23 application guide.

PRI R oA

T N — e LT L—3 g ORI E B ]
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ZAD DEMEIE R AERA~OXS,  2) LHEERE 2B DTN
EER, T3 oBMEIICxT 2 Y —A J)LIHHEMES OEB, 4) 1T L EEEEME, 5) L0 FK
P SIRIERAN, BLXOYREE=— X ~08H, 6T A 2O BEREICKIT 5 EE LR
NEREEFIREIZ 3T 2 R B e OIER O, 8)FT =72 LD 3

X, YV arBAEEHTZY O—FE3 A K

THEA DY T NERDT ==Y ZOHBUZET 2% L EOBEEENRTHZ L TH D,
R R I T, BLEEE . MEHRE S AT A, THERHE L AT 2807 707
4 TR END, Ve—AREEOLHET T 71280 T, BFED Y = — YA XDMFERFGEA T

HHZEITHESIZ,
ﬁtrﬁ%%@ﬁi WF5E Ex[ﬂkh\

- Research Required

Eﬁ%‘éﬁx[ﬂm\ RIEERE T rRESND, TORMNIE, A5EE. Y771,
T 7o f R SR D LB IR Rl DFR S 2 1R T 2 Z L 1Th 5,

-Development Underway

|:|Qua|ification/Pre-Prod

uction

| |Continous Improvement

8]EST-RP-CC012.2: Considerations

in Cleanroom Design.

° SEMI E129: Guide to Assess and Control Electrostatic Charge in A Semiconductor Manufacturing Facility.

10 sEMI E78: Electrostatic Compatibility — Guide to Assess and Control Electrostatic Discharge (ESD) and Electrostatic Attraction

(ESA) for Equipment.

11 SEMI E43: Guide for Measuring Static Charge on Objects and Surfaces.
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First Year of IC Production

Decision support for operation improvement

operation manufacturing ron -%/////////////////%
sole scluion o e prosessie -%//////////////////%

.

s N
s
P T
.

operations.

\

i N
N @

fab / sort / assembly / distribution.

oooooooooooooo

orocuo an process mvoductons -%////////////////%

l

interface for equipment capability performance

wafer processing control
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2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

First Year of IC Production

Lot level control

Single Wafer-level control

Standard factory-equipment for single wafer
manufacturing

|
I

|

Standardized factory system-process tool
interface for equipment capability performance
conditioning and adjustment not linked to
wafer processing control

On-tool wafer sorting between carriers

Individual wafer traceability information
standard for in-tool state
Productivity improvement
Equipment engineering data standard for
equipment's productivity improvements and
maintel by device mak d tool
suppliers
h - _:
: - o _:
eduction
. -:
nt event
tion

More energy efficient equipment designs

Capability to limit utilities and electric power
consumption during equipment idle periods
with insignificant restart time upon material

Energy and utility consumption data availability

FAC3 OB E AR R A
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rofl d | | | 2011 | 2012 | | |

450mm AMHS

configurations ~ [EEECCULIEEEEVEREEEE 000 450mm
Single Wafer AMHS

Single Wafer interface standards development

Single Wafer automated material handlin
Easily extendible transport system

i lignm
and positioning
ware c (HW
cture ter setting) ////////
ende rail
softwar

High reliability

Autol

and e-Diagnostics
High performance

Integ the transport/stol

(Ne: | buffi ared

stor. etc).

I e WIP 7

with mm 450mm
llocati
( omple ) r 450mm

FAC4
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. ) 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
First Year of IC Production

IMPROVE FACTORY EFFECTIVENESS
Cycle Time and Throughput
FICS to support AMHS direct transport

300mm

FICS to support conveyer-based storage
systems 300mm 450mm 450mm

FICS that ensures no idle equip when material
available (e.g., predictive real-time scheduling) 300mm 300mm

Real-time scheduling and dispatch

300mm 300mm 300mm

FICS that supports multiple recipes/lots per
carrier 300mm

Stds-based recipe download to reduce the
number of unique recipes, increases 300mm 300mm
traceability, and enhances process control*

Wafer-level control to support continuous
wafer feed and hot-lot handling 300mm 300mm

e-Diagnostics to support automated
preventative/predictive maintenance, 300mm
calibration, fine tuning, software upgrades for
production and AMHS equipment*

Highly Reliable, High Performance Systems

Fault tolerant computer systems with
transparent fail-over with minimal to no impact 300mm
to system availability

Fault tolerant software with transparent fail-
over switching for failures with minimal or no 300mm
impact to system availability

Networked solutions for control, diagnostics
and safety 300mm 300mm

Low Maintenance Systems
Databases capable of dynamic or hot
upgrades with minimal to no impact 300mm

Automatic / dynamic AMHS software (MCS)
reconfiguration 300mm

Integration testing and volume testing of
overall factory systems (incl AMHS) through 300mm
simulators or emulators

Configurable Manufacturing Systems
Scalable system performance

300mm

Event-based Service Oriented Architectures
for FICS that promote reuse and support run- 300mm
time integration and configuration of
applications and systems

EQUIPMENT SECURITY

IP Protection Capabilities

300mm

FAC5a TG SIS 2T ARG A
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’ ’ 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
First Year of IC Production

IMPROVE FACTORY YIELD

Advanced Process Control integrated with
yield management and yield prediction to 300mm 300mm 300mm
provide closed loop control around the fab so
as to better optimize diagnostics, multi-
process control, maintenance, etc. strategies
to yield targets.

Fault Detection and Classification (FDC)

Detailed unit-level traceability*

300mm

Configurable/downloadable FDC libraries and

models 300mm

Standards-based, host-issued FDC control
commands to enable within-run equipment
control at various intervals*

300mm

Automated fault classification and fault

prediction systems 300mm

Run-to-Run Process Control
Within-run standardized recipe/parameter
adjustment 300mm

R2R control matched across common sub-
entities 300mm 300mm

Cross-module supervisory process control

Integrated and Virtual Metrology

Stds-based recipe and configuration
selection/download for integrated
process/metrology

300mm

"

Virtual metrology augmentation for wafer-to-

wafer control 300mm

Equipment Data Collection

Stds-based data coll. for process control via
EDA interface

300mm

Data Quality and Factory-wide time

synchronization 300mm

!

ACCOMMODATE PROCESS AND PRODUCT COMPLEXITY

APC and factory scheduling to optimize
product changeover 300mm 300mm 300mm

Integrated FICS to facilitate data searches and
information correlation on process and 300mm
operational data

Integrated FICS to support cross-site
processing 300mm

INCREASING PURITY REQUIREMENTS FOR PROCESS AND MATERIAL

Improve systems to monitor and control
chemical, safety and environmental items 300mm

FAC5b TG A E S AT ORI R A
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2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |

arangments o morove ot for s o S %///////////////////////////%j/é//////////////////////////%

oooooooooooooooooo

for production equipment resulting in higher

Reporting of standardized utility consumption
mmmmmmmmmm 450mm
li SEMI E-6)
| initi d performa
i i ili

specifications that reduce unique custom
factory designs allowing earlier design

practices for facility
ion, ion, reliability and
i llati
ili i nd
300mm elololilng] 450mm 450mm

solation is maintained during routi
m X -
imize single wafer processing with respect
| facility i ct (all equipment utilities 300mm clololng] 450mm 450mm

and production equipment footprint)

Improve production equipment documentation
aaaaaaaaaaaaaaaaaaa

300mm| i////////%
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010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |

i 300mm f//////%

i i soomm

D'Ini’,;mgh‘)’”pd"gwfgy’{gy 300mm ssomm %////////////////////////////ﬁéf&///////////////////////////%

300mm 300mm
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#FAC9 I ATy Nk

Crosscut Area Factory integration related key challenges

Front end Process (FEP) Factory and FEP teams will continue to work on AMC requirements.
FEP and Factory Integration will work on 450 mm challenges.

Energy conservation effort: such as equipment sleep mode for energy conservation and the 1.5 mm wafer
edge exclusion for long term challenge to starting material and SOI.

Lithography Continuing to understand EUVL (power, consumables) requirements from the FI perspective; completely
different factory design is expected.

Fast reticle change; reticle storage issues and reticle buffering due to small lots;

AMC relative to the reticle and tighter process control needs.

Lithography DFM needs. EFM may be added as it is confirmed as mask quality detractor.

ESH Primary focus on energy and resource conservation;

Production tools to be designed for LCA from ESH viewpoints;
AMC and particulate levels to be maintained;

Advance resource management programs needed,;

Metrology Comprehensive metrology roadmap to be jointly defined.
AMC, temperature, and humidity control remain crosscut issues

Yield Enhancement Maintain temperature control at the lithography and metrology areas.

Surface electric fields requirement on mask and wafer to be separated;

FI ITWG to work with the Yield ITWG on specifying particle and AMC targets for equipment, AMHS,
and FOUP.

Yield changes with the 450mm and change in wafer handling.

U757 4
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0D, Flo, VI TT7AEEITTNT D APC EINDOB B RELRIRE THD (B2 X, A— N —L ATy
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DEESZRENT,

B, 42, EFEESH : ENVIRONMENTAL, SAFETY AND HEALTH)
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HEFAR &7 = — N BLSE TSR MR SR A O SR E 2 15 TND,
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3B & 78 (YIELD MANAGEMENT)

BN E RIS AR T D2 LI I AN B IO R GV AT AT 52 L3 T&D, LA
DET TR ER 7o FIPEREZ B A LT L | MERE - RV OBEALE R OWTORL — M ZFFHTENT
x5, FEBILTORARTA—ZOV T B IO 0w ARG (2 SV s TET LI,
MRS THoT-fHEE S LN =4 T 2 — OB AR TED, EFETAL TORERE~D
RIFE RS T T2D121E, T RBARTA—ZONTY X ORI B IO T v A OF A1 2 E|
DT ZELIEFICEE TH D, Tz, HREHCTO TR, SR B EmWEERHRBIO
P D FAF AR DL TR M2 R T 5720 ORI TIHT VA R TEBI01T,
THET LR MBARIBIZ B 21 AN IS TERIT LR B0, IR S OFEELIZ AMC O
BRERES DR TT 7N — AT T —ar RO E B S LD T,

RV E BT AT A(YMS; Yield Management System)iXZkk72 T — XY —ZAINHLDIEFHRIZT 7 EAL, £
DIEHROFHEAZ LN TELINCEFE SN T IZ D2\, YMS I3IEF SRR RIS\ =T
—ZET )V WiEE W B OY T T bOFHIZEE OB T CBE L2 TUI bR, YMS
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R[5 F 159 (AMC: AIRBORNE MOLECULAR CONTAMINATION)

AMC OFENT TR T TR HEBEDOREXWF a2 L TE, ZUTEILL7-L -~V CRIFTHY
ICh ERSNDRETHD, TANE— =T ay  BREORTOI)— b —DHERENLIE, 1
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FEERH Y = — KR O EK A 5115 44(SMC: Surface Molecular Contamination)
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DL E THIEMA CEWL, B EMEWE ., AHEYORN — U Mol OIG ) E CHEEHR TER0, £0
fi O ATFIIFIZLDOERNTEAFEL TD, 6T, B LY =— " Fr U7 LD 21T Tl
FOUP DKL~ )L BT =X —F DN ENH D,

FOUP Z/N—U 452813, AAREOHIREY = — ~H DR DT E 1L EOEEIZID | D THLWZ &
DHERSN TS, B85 X LREHRZ =V DML EVI I BT LW BT — =0 7 % B U CHEEL
IR A B RS RN DITAR LD, T T, FOUP OIRFEC S — 3 R o@ ) m #lL ~ L2t T4
AT TA L TRDDHIZIE, WV oZIDEHFEBRMLETHD, LVFEM7ZAE#RIZ OV T Yield Enhancement
DEEBIRENT,

##l(Metrology)

IS AT WL PRENL T LD 7 m e A1 R OREHT A RE R OMTRIB IR E DM DA T T A
Wrago Z 3570, THIERGIEIT AT ALERITHESNRT UL b, JIET —420IE, £E
VT IAX(F ARV AL T == NDPBY = — TR, Fa—7 7 A ST, BT ANOFEFHIZ I &
O, FHEL-VVOERETHEEIND, BT —FEET —HIREAE —RT KO b7 a2 kIC
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FOTREEANTIEINL S5 T, 300 mm LTI, @R TH AL Z 72— A2 R 572012, K
Mozl a— U DI E D) T AZEE B DT A 7 T AL HEE O I A FTESG L TL
51259, 300 mm O7 aERIEEOHITIE, AT NVZA LT 2 — N ORIENRTY X 2R 5720
(2, IM(Integrated Measurement)f§8E%H T2 DHHTHTHAD, 77/ N — AT 7L —T a8l
ZESEFHARINEZE B RIT51EHE VM (Virtual Metrology) & IM DO ZERERFHIEAHTe, FHHNZ DU
TOMRARZRFLIRIZ DOV TIE, Metrology D FEAZ IV,

B ES L ER E DHI#H(STATIC CHARGE AND ELECTROMAGNETIC INTERFERENCE CONTROL)
XD BT EREEOH WD A TEREEZ 52 RAIL T3 SOMEZ &I

1. % 5| J1(ESA: electrostatic attracted )it (K75 Y| X I U A XD/ NS DI ENE KT 5, BifE~ A
7O R R Y AFAESERNIINCT D72 DI N DIV TN DU 7L AR L7220 K512 7D
&L ZOBERGINCED~ AT ~O B E L, —BRARE LD,

2. §EE AU (ESD: electrostatic discharge)| X7 /NAARLKNY AT IZH A=V % KIET, T NAATIED
PHMEIZ IV NS W RNV TT NA ROV AT PR THZEEERL TWD, T /3 AOEMEEE D
I TF v~ Lo ESD (R E DA IIEEZHIRL T,

IRULDOBFFE T, EATIEDLF 7" F =2 DHALHRE S TEY, £4UE PE £ THERSN TS

ESD #lE LR ME CHEINDEM THAET D, ZOBRITENFHE

~ AL —a (EFM: Electric Field Induced Migration) &FE(E41 TS,

B EEMI) (EEIZBIL TIISEMI E33 fE#EA- 2 IR) 1B O (L 5ARFR, Broiamm, 1@
TT— {72 & DONERBLE O a4 7R RO JRIK L7200 | RRIZHIE RS TR I

FAELRLT W, BIEDLZA, BRI FITEE 2 — P —ICBEESILTEL T, B HEOBRHE
BIZ DN TORLES T ORI R IZEE D > TV D,

TZ7INIA T T —ary T3 — AT

5 OOV T F— MBS ToRETEMOFEI T B2 LD aAhy MEBNZ LD HMREHIINZ T, 77278
— AT T —ar i B ST RIS EN 3 B IS B D B e E N I OV T O R
AtEFERLTz, AETIILL T O3 DO IV EERFITFEICOWTEDFEMAZ LR DHD THD, ZDH
WFERTE I (1) EBRHIEE REBENAY AT AL, (2)NGF & 450mm BT ~D k. (3) A=F/LF¥, THD,
HEEKHIIR & RE BN R AL

G LD EFITEE, Si A=V 7 LT L Ca AR O MO SEIR I E S 2 A0 N MLRER
STETCND, 77N — AT 7L —2a HINER S TIEINETO 5 FERICTAMIBEE D51
DM THLINDIRFEITV, TEROHIFN L5— T OIERIOT AR U RIS B /2o v 7 N ChbH L
EI RN

BRI FEME R ACB T 25D — R THY . mWAEFEM I ANIEA BT 5720124 ITWG
VAR 72 IR A 24T 729 £ CHEBRMEIE 12720550 D Th-o7-,  BEEKHII O 7= D ek B A2 1E
ITRS P—R=y 7 OHHp2 TR 7 —7 /WIHEERHIR O A #H S 5FH THY, Si A7 — U712k
B AU INZ Tz 7e et b9~ & ThH D,

2009 F/3—Ta @D ITRS TIEEEBLHIROGHHE A 4aD CE AT D, MEKHIILT7 77N —- AT 7L
—arEDOLNMSL FO TR 7—7 AEFICED ANGLILTEY, o7 F—20 TR T7—7 /VIZITE
Wy IR — AT T al O BEEKHIBO T A Z AL ITRS m—R -~y 7 O & OF A fE g
WZELEBEAT S TI W ERE A,

12SEMI E33-94 - Specification for Semiconductor Manufacturing Facility Electromagnetic Compatibility.
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ITRS 1%, FH—IZL—7 OIERNIE T2 BRI O B AL, 26 128 % D ITWG NZOFHLWT —< &0
INZFDOIEEINTHIA AL, R IT TR T — 7 VI HEEEREIR OB R AR BT AE N CTEXDHI0ERTH
VERDHD, ZOEmIn— R~y CUEERDAN I AZAFFEINIE L _NETHDH, TRALFE)Y
— ADMEERHII LA DM Si A —V o 7N ZTHIOEIZ 725,

b 2N R B 72 BEBRHITE D — D13 A PERR A O By IO /F2E (F72 2R PEAE 6T 2 a3 oY /F 2) HIlTR
Thbd, BEOIERIZTR 3 SOOI TED, (1) AERMNITFET 50  (2) FFEHRHE
THEDABE—=T 2= A ET DD (3) LIGHEIIET 20D, HAOEITLEE 7T
ET NRAZA=ADRH I TH LT LD THD, [Fro R I)—= 7 [ F e N\ —X =7 XD
FIBICAFET D R<HOGNTHITHD, FrV7, vy b2l 2 & HOMEBE THMLNLEEKTHD,
BT me R LU E—OE T TEBEBREICB O T RO Z S ZEIL WD ERMLNTEY, 2
AT 3 F HOBEBIZEL TV D,

— 7R BRI T 7 7 —F O HEfF I IZ LV ZL D EDR LI Th D, ZORT 70 —F (X AT ~T
A 7T IEERO P ELCAHULIC LD RETH D,  MEKICBI T 2R A7 0 FLIZHE Rk D B H 72 A= pENE
TG E) (CIP) D E A AN 2 CAEFER e 7oA L — L a JI OB ME LAFHEE O 7= 12
SHTND,

WTW(Wait Time Waste)& EOW(Equipment Output Waste)? Al {7 L-CHIEIZ B W TEDRER T 7 e —T
IFANTHD, BOEBIGITBETVBIEORIE FE, 7 —2FT )V R OEEOEE(LZ L L TVD,
Ao TAT —ZWEORELITIEEF D /RT AN 7 7 —Z I ERP BN TETEY, 7 —XDOYEEL
R ~OFBHIL R IEF ICEHE T, MY FESNOILERHLERPFHSNDLIRETHD, BV IEE
X FNEZFEITKT L CIATEZED FE R E S L7 DARER FF S L FH D IR S D,

1 Tz—O WIW [FHIZZEDT =2 — DR TOFRDLIFHEZA R TLETROLENTED, T -o7
HET — 23T LHSCEF I SN TR, ZIITITEFER I 535 TR B RER
RO = — DOFFHIRFH LWV S T2 ZHOM BEAER B FEET D, FFHOIRE O Al kL F= 2228 A AR
K202 DM 5% KD D,

1 BOHEIZHITD EOW X HMICER THFENTED, LHL LD EOW bR CERICHIE T
5, EOQ UGERHE D= EOW DOREENTY FIFRALITEEE L WIP (Work in Progress) DR AEIZ LV
ROEEL, T Ral— X — I EEIE L O 5T E & FEM I W TR LY — L 2 B AL DB
Hb,

ERNT T Y — R ORREZALE N T LU THIE L T2 F D ROOND,  FRICAERERR TR O
HEEKHII A5 55 (29 AT DIl Y72 CHL I3 R&ETH D,

NGF& 450MmB1T Dk

L—T OVERVE MR T DB R E UL — DO AT RER A7 > a LU CHE YV O ARD 30%K
Ll 50%DY AV NEA LGOI D DIEELGEIINZ T = — NP A XD K ERTT T D, BBITAT
727z 200mm 2>5 300mm ~D = — YA XOBATIE 10 FERNCFEML ., 30%T AL ED AR R
BEERLTE, 300mm (ZEDV=— AEREN 4 FHOET 7 /o R (45nm) IZADBRIZ, FEEFEFULEL
TED 300mm 77 /by — L0 A TO 450mm ~DEF 74X ->7-, NGF (Next Generation Fab) /&)
2% 300mm DR DOUGEE 450mm (ZFIH FTEEZe s — AL AR SGEICIM T e L if s VD, 7727 R)
— AT T ar HIREESUOFEINEBR SO 450mm 72— "BATIZOWTOEMRITE Y 1A
F LU VRSSO EHSNC LT, 2010 ELEOT—R <y 71280 T 450mm (S EL
72 L0 D T — B AR RMINTHR TSI COERHIFFS LD,

BT RNVF

BTRXNFXDOEDHT— )T, ZOEARPERED LR SN ERANR—AD 7 7 VT 4R HET/VICE
5. 77T 4 DE AT AN TH S, 2007 FEIZT7 77N — AT 7L —arF—hiF, W<ONDT
FUVTARHIERE DY T F — LB TRV FXDERIZOWVCIFEEEEIT 72, ZOIEE O PR
JAEHTNE, 77 VT A DOFEANTE R T — 7 WAZHB I TN D, B OB R LR RO HEE 7 D T
BOFIEIZRE T 25D THD, EEOR) - T E—REE, FlZIET = — O TE2L TORUEE(T
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OB T ARNENIR Y T H LD DRERERL D TH D, 777N — AT T —a HiNEB ST
DIFENT 2010 D580 VIR ITNTHED THMLELINE D,

0]

ITRS D777 ) — AT 7 —ar &8, RSN BZEIE R TAT Y 2— Vil IZ HEEa AT
BRENCAEPET DTS, RER THOBRERETeMaTHILICEREETTND, 777
— AT T —ar DETIX, 5 DOV T TN —T L DEMNER R RE ELDT, iy v—7
EDITOART I NNED T 7 IR — AT T L= a A U R EB L OV E S E B IOV THEED
7o ZBIE, BRI ADIBHE, APEMESE, EALEFIRFIZ, FERE M 72D DA ARBFEFR 30 73—
TUME T3 AEAZ RIS ES CHEFF S D B b H 5,
2009 FE-DT 7 AN — AT T —La BX 2 OOEH SR HD,

1) Next Generation Factory (NGF)D £ TR S IH X 450mm D a2 5 | Sk 315

2) HEERHI D TR A V2 A — U ik LTI CTgak L7z
ITRS IXEERH A Va2 — v 7 a— R~y 7 O CHiz /230 E S L QOB RSB D 5>
IZDOWTHRFTL TP E N B S,
TN = AT T —a HiNE BRI, 2=y N OaA N LT H TP Y A= — X
DI=DIZ THOFZMRMEEZ RIS HE0 ) BIEAZ DS L TE I LT HXETHY, LT FI ITWG 1E
2010 LABED W BE72 TG DY —E REHAT KIS T DAL R E R E T 5 &EThD,
Technology Requirements&Potential Solutions(Z BT 27E LUWMEMEFTEMNIZBEL Tix, AR T4
http://www.itrs.net CU 2 Z417-Factory Integration/~A 7 A DT DEFFI L ZIZT 7 BAL TTEEW
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