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1.1 AA AKX International Technology Roadmap for Semiconductors: 1999 edition (ITRS) (Z&k-> T ifllEh,
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3.1 SEMI X& =N R RN 71

SEMI E1.9 — Mechanical Specification for Cassettes Used to Transport and Store 300 mm Wafers

SEMI E5 — SEMI Equipment Communications Standard 2 Message Content (SECS-I1)

SEMI E10 — Specification for Definition and Measurement of Equipment Reliability, Availability, and
Maintainability (RAM) and Utilization

SEMI E19 — Standard Mechanical Interface (SMIF)

SEMI E30 — Generic Model for Communications and Control of Manufacturing Equipment (GEM)

SEMI E37 — High Speed SECS Message Services (HSMS) Generic Services

SEMI E47 — Specification for 150 mm/200 mm Pod Handles

SEMI E47.1 — Mechanical Specification for Boxes and Pods Used to Transport and Store 300 mm Wafers

SEMI E58 — Automated Reliability, Availability, and Maintainability Standard (ARAMS): Concepts, Behavior,
and Services

SEMI E89 — Guide for Measurement System Analysis (MSA)

SEMI E158 — Mechanical Specification for Fab Wafer Carrier Used to Transport and Store 450 mm Wafers (450
FOUP) and Kinematic Coupling

SEMI E159 — Mechanical Specification for Multi Application Carrier (MAC) Used to Transport and Ship 450 mm
Wafers

SEMI M1 — Specifications for Polished Single Crystal Silicon Wafers
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SEMI M8 — Specification for Polished Monocrystalline Test Wafers

SEMI M12 — Specification for Serial Alphanumeric Marking of the Front Surface of Wafers
SEMI M13 — Specification for Alphanumeric Marking of Silicon Wafers

SEMI M24 — Specification for Polished Monocrystalline Silicon Premium Wafers

SEMI M31 — Mechanical Specification for Front-Opening Shipping Box Used to Transport and Ship 300 mm
Wafers

SEMI M38 — Specification for Polished Reclaimed Silicon Wafers
SEMI M43 — Guide for Reporting Wafer Nanotopography

SEMI M59 — Terminology for Silicon Technology

SEMI M62 — Specifications for Silicon Epitaxial Wafers

SEMI M67 — Practice for Determining Wafer Near-Edge Geometry from a Measured Thickness Data Array Using
the ESFQR, ESFQD and ESBIR Metrics

SEMI M68 — Practice for Determining Wafer Near-Edge Geometry from a Measured Height Data Array Using a
Curvature Metric, ZDD

SEMI M73 — Test Methods for Extracting Relevant Characteristics from Measured Wafer Edge Profiles

SEMI M80 — Mechanical Specification for Front-Opening Shipping Box Used to Transport and Ship 450 mm
Wafers

SEMI MF42 — Test Methods for Conductivity Type of Extrinsic Semiconducting Materials
SEMI MF84 — Test Method for Measuring Resistivity of Silicon Wafers with an In-Line Four-Point Probe
SEMI MF534 — Test Method for Bow of Silicon Wafers

SEMI MF657 — Test Method for Measuring Warp and-Total Thickness Variation on Silicon Wafers by Non-
contact Scanning

SEMI MF671 — Test Method for Measuring Flat Length on Wafers of Silicon and Other Electronic Materials

SEMI MF673 — Test Methods for Measuring Resistivity of Semiconductor Wafers or Sheet Resistance of
Semiconductor Films with a Noncontact Eddy-Current Gauge

SEMI MF928 — Test Methods for Edge Contour of Circular Semiconductor Wafers and Rigid Disk Substrates
SEMI MF1152 — Test Method for Dimensions of Notches on Silicon Wafers

SEMI MF1390 — Test Method for Measuring Warp on Silicon Wafers by Automated Non-Contact Scanning
SEMI MF1451 — Test Method for Measuring Sori on Silicon Wafers by Automated Non-Contact Scanning

SEMI MF1530 — Test Method for Measuring Flatness, Thickness, and Thickness Variation on Silicon Wafers by
Automated Non-Contact Scanning

SEMI MF2074 — Guide for Measuring Diameter of Silicon and Other Semiconductor Wafers

SEMI T7 — Specification for Back Surface Marking of Double-Side Polished Wafers with a Two-Dimensional
Matrix Code Symbol

3.2 DIN Standards®

DIN 50431 — Measurement of the Electrical Resistivity of Silicon or Germanium Single Crystals by Means of the
Four-Point-Probe Direct Current Method with Collinear Probe Array

DIN 50432 — Determination of the Conductivity Type of Silicon or Germanium by Means of Rectification Test or
Hot-Probe

! Deutsches Institut fiir Normung e.V., Available from Beuth Verlag GmbH, Burggrafenstrasse 4-10, D-10787 Berlin, Germany;
http://www.din.de
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DIN 50441-1 — Determination of the Geometric Dimensions of Semiconductor Slices; Measurement of Thickness
DIN 50441-2 — Determination of the Geometric Dimensions of Semiconductor Slices; Testing of Edge Rounding

DIN 50441-4 — Determination of the Geometric Dimensions of Semiconductor Slices; Diameter and Flat Depth of
Slices

DIN 50441-5 — Determination of the Geometric Dimensions of Semiconductor Wafers; Terms of Shape and
Flatness Deviation

DIN 50445 — Contactless Determination of the Electrical Resistivity of Semiconductor Wafers with the Eddy
Current Method

3.3 IEEE Standards®

IEEE 754 — IEEE Standard for Binary Floating-Point Arithmetic

IEEE 802 — IEEE Standard for Local and Metropolitan Networks: Overview and Architecture

IEEE 854 — IEEE Standard Radix-Independent Floating-Point Arithmetic

3.4 1SO Standards®

ISO/IEC 8859 — Information Technology — 8-bit Single-Byte Coded Graphic Character Sets

1SO 8879 — Information Processing — Text and Office Systems — Standard Generalized Markup Language (SGML)
1SO 9000 — Quality Management Systems — Fundamentals and VVocabulary

1SO 9001 — Quality Management Systems — Requirements

ISO/IEC 10646-1 — Information Technology — Universal Multiple-octet Character Set (UCS) — Part 1: Architecture
and Basic Multilingual Plane

ISO/IEC 10918 — Information Technology — Digital Compression and Coding of Continuous-Tone Still Images
1SO 14644-1 — Cleanroom and Associated Controlled Environments — Part 1: Classification of Air Cleanliness

3.5 JEITA Standards*

JEITA EM-3401 (43) — Terminology.of Silicon Wafer Flatness
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5.1 HERRfLERIZRO 3 A THERLSD (R 1~ 5) :

o —fREVZRILEMERE (K 1)

o MERGAEL (3 2)

o JIEIEEMERE (33, % 4, £ 5)

5.2 £ 1 ~ & 513, {4k, RO, BT 1E, A MG T, BB B L OWRIE, AEICTES T
e

5.3 —ARAVRLEETERE (K1)

531 [ —fRAVZREEEMERE | OIIZ, IRD 5 SD/NAHZE Te:

2 Institute of Electrical and Electronics Engineers, 3 Park Avenue, 17" Floor, New York, NY 10016-5997, USA; Telephone: 212.419.7900, Fax:
212.752.4929, http://www.ieee.org

® International Organization for Standardization, ISO Central Secretariat, 1 rue de Varembé, Case postale 56, CH-1211 Geneva 20, Switzerland;
Telephone: 41.22.749.01.11, Fax: 41.22.733.34.30, http://www.iso.ch

4 Japan Electronics and Information Technology Industries Association, Ote Center Building, 1-1-3, Otemachi, Chiyoda-ku, Tokyo 100-0004,
Japan; http://www.jeita.or.jp
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532  TERIHERSEM ) BIOT etk AERE Bl B ) 20 S —F2/NER T, BUEOXFEITITE %
TV, ZhbiFa—HIKAFL, FIAT2EOBANCRILIZLDENLTHD,

5.4 JENSZRIHF; (2)

541 £ 213, WES AT LBEERWATEETLOAGHIE TERTIUTRLIRN YA T 2 — " DINTA—H %
HEL TS,

5.5 MEZEE1FRE (3, K4, #5)

551  AITE, HIES AT MIERSNDZEM D IFRE, MIEREE B L OEME LR, Ve— O F AN
FOCEHEEHIE T AT AL TRESNE LR ESINDL VAL U= D, sSPESTA—ZEHEL TS,
55.2  Hp572ME ROREFHEAEICHIE T 5720 OBE L AT LAORENIE, EOME L AT LOIRE
FERE D 22 WA R (2 k> TREBA T D, ZEMA R IT, B4 e GIE TER TE, RIGEOFPAS DOFEE IR IC
FoTHEEZ TS, ZNHDOWOMNIIHONWTIEL, LT 20813 B 5,

EL ZRBDERDWLOPTHONTE, FEELT 20 B H V9D, 48 R HHEIE | 2DV COBINTE T Mathematical
Principles of Signal Processing, Pierre Brémaud, Springer, New York, 2002 72365,

553  ZERIRREIL, TE S AT LIS EHERE D70 O 2L R R R R Lo TERS LD,

554 RIBIOEMEWTEEE frin BED frax 13, TES AT LORNERERE O HHIHE A E 78772, HEWT/E B
1, DS fin (23N T 1 &R DRI 7 L& (fin = 0) ZBRWT, o XA N R EFHEOIRIE OIS 0.5 T

HDHEDITKIET D,
555 JENTEEEICEETAWEOEALZRIZL, MISEEER I COTTL T T A ZDEINE KEL/LT
13725700,

556  AHTARE, WET AT LDFHMATEE THD fra BE O i DIEZEHELET B,

557 FQA BEREIZHEHIINETZ 4 WZV 7 FNRICB T HDEEX, BEV AT LOYV 7 T4 IZ&-> TRtk
SNRTF TR0,

558 & 3LR 4T ELHIIEIL, AFMETHD,

559 AKHARNIL, BEONRTIFL V%, T ITAYOFIBIZL=N> TR EBIOFHE ShbE¥aani-
HE AT LOMEREZEFLIR T DO T2, A FAHFEIL, SEMI MBI IZEFRIINLTND,

5591 LUl 1FV%: [EAEEE 6,

5592 LYl 237 0%: [EHFHo,

55.9.3 LUl 335 %: JEAEEE g,

5510 o, BB REL AT LMD 2 DOERARLTNOL IV EERT D,

5.5.10.1 BEAVEAE CEHMEZEA )

5.5.10.2 FHES ([alJq Hh#R)

5511 AXEIZHFEICHESN TODEDIL, LUL 335 UF 6 BIOEEAMHATE A L IZOWTEITTHA,
L, ZNOB 72— " ORIEICRLITEIL TOBRIE T AT LAOFFIZHIGL TWANLTHD, HAHRIEY
AT LDY T IFAXIE, AFBIZL UL 1 BEOFIL UL 2 DNRTYREFZNFNEAL ThI,

T2 FRRHAEECIEERY L UEM E D372 WA, A IS IS T, 130, 90, 65, 45, 32, 22, 16 nm £H4lf /— RO thAk
Sl A LTy = — " E O THRIES D ATHEMEDN D D, SBDBH 53T A— 2 HiIT D125 — O 7 N L OB AEEEWGE
TAHILEHELET S,

5512 HUEY-— HDFE 3LE 4 ITHIONET2— DOV A AN BLOEHEO T RIS AR LT,
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5.5.13 ASCETIL, PIT 3 (precision-to-tolerance ratios: Il 45 & LA #PHO L3R, SEMI E89 M) i1,
LYl 3NTYF ¢ 3 B HET D=0 SIS,

30 PIT IT#R A G R S Vas v o — ) BRRGET D70 OFF 2R B EE /1 ORI EEE Th D,

5.5.13.1 30%: K> PIT thid, EHEEEDO SEMI E89 THEIESN TW\\D, S Va7 — DS R L, —
WA, BRI TRIER R LTS (I3 AR) 2>, HDHWE, FHIAED 0 1S </EVMERRBREE D
FRIE R AT (RIS AT) DV TERIRESND, LIZR-TC, PIT A IAR D 3 0 RO 45 45 D
60 FRTIHEN, 2 DDOF L —RIL, FHEBIOVAANBES AT LFICHIEENTWS (RL ROz
).

e Grade A: PIT <10 %, 305 7 ll5341) F/=ix PIT <10 %, 6 o5 (FE{HI53AH)

e Grade B: P/T <20 %, 3 o5 (753 A4) F7=ix PIT <20 %, 6 o3 (iiff]|534m)

5.5.13.2 WIE T AT LD FEFOE 2 O ERBIL, B> TR AIT SIS (B, SFQR 71 —K A2, —J
SBIR 127V —F B FEIJIZE G T5), 2O, HIEY AT LAOHEHMHMEREIC@E U RSN 2T UL b7
Uy,

5514 EEMNITL, 1.5X1L-UL 3 N\TVF (1.503) LA FIZHE SIS, 2, 99%L0E K7 mlaEMEE/RD, 2
DDEILBANE L AT DOOAFLITAE 2 ORNERE LD, 503 LA T 72D,

5.5.15 {RODOX—4 v, w7 EREL IR DR EHA A T AT RE CTHOHIHE T, sdEMEIZBAL, +1.50; D#iH TH
Do BEEERT BN H WS-, H 2 ORIEEDS, FREMO A4 +40; OFEFH EMEZED 99% L0 KEREERD,
5516 Y7 mSIBIOEEIE O R B IRE G 5 #HOEEM B, I E S AT LD HHEE 2 EE 350
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55.18 T AT LAOMEIMEHINDILUEY = — %, RITH ESNHHEPANTH D,

5.5.18.1 JEZ: AFME +20 pm

5.5.18.2 Ty T EUA AN G T EHE, B, FARKITAFMED 0.5 75 1.5 OFiH, Zhbid, £ 3Lk 4
IZELHEY = — MERE L L TR SN TWVD, ARBBEDO-RE I, T LT R TOV AR OHF ThoH VB
T2 WBRE T DY A MIZOFIH CTHLLENHD, EDIIREGETYH, TNENOREIZOWTHES N
L FBROFEFAD T = — 2307 b 3 M E THD,

T4 TRRME, H2UVEHEEA 0 L7325, TR L TR EE D AFMEITZFA IO _EIRAHET 2,

5.5.18.3 ==’ 777 71/ (Edge Profile) — FFAMEO&HIILFR 5 IZFLHL THD, ITRS (T=y 7 w77 AL
DHERIC D NWTDOH AR L ATFLH L TORNWD T, SEMI M73 2L Ty I tg e a0 4 — R O A i
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VETr HHMEIE, o>, EUES AT BOBRELT, TR R0ZE B 5 R RE R E T ORI E B —RIC LR S5,
5.5.21 BB WET AT LM OFEREMEDE L, KTARTEHBEIIL TR,
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6.1.1 FREROZDIZ, HrEn - E T AT A (MS) IZEVRIESILD, DT ANy = — AR5,

6.1.2 HEMEENT D, n(n>30, £ 228 IXFAY=— TIELND,

9 K 30 [MDMEAMEH T 5281F, —MRENTHIE D RHEEMEIMEL 25, MEDDIRNGE, TIE ORI A5
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n-1
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ZZT:
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n = e

2
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[ O T 2 2B B (5] 77— DR 2 FRBAT) AT 33, RHEFEMEE[( = DI — q)J¥2(g 137 v — 75T,
FICHARXERES D) DRI INT 5,

6.1.3 HITOMYRRE T ST LETRT D, VEINGU T, FOREITIR RN EIZIFIZ - MS (2L
SN TWEL O EHLIL TR U B7200,

6.1.4  JETAT L (MS) D ERLENEIINERET D, Moo EG1E, BE COHELEFIAIZL7=23-> T
B 5, 0 OEETIAIC I LI TRWIRY, EBR I HRIE LTI/ bZeu,

6.2 ME — BWIESII#E O B & L~V ORIEE FEAT T D,

621 L~ 1 ANTVF — MS DT AN =— Gl &L, b EAS T, BBMEIREE T CTRAEL n [B1H]
ET D,

6.22 L2 NFUF

6.22.1 MSDOTANT=—nZHEL, —ERMEZREL THrD, Vo—EEAT,

6.222 MSIZUVx— AZH#KiEL, FIRE/RRVAFIFEHE CHENEL Trby=—EEAHT,

6.2.2.3 n BEAIE TEXBII1T, AJREARIRDE DR I CT(n — 2)18196.2.2.2 VKL, &% OREDOY = —
NeREALTHLHEEE T2, €I TR, H—DiRETO4 B Lk, R—5&M4TFEks,

6.23 L~NL3NTF

6.2.3.1 96.2.2.1 7596.2.2.3 |[ZREHSIVTWDERME T T, &K 5 Hfo D HZEIZ 1 HH72V n/D [A17 AT =
—ERIET D,

6.3 FfH

6.3.1 FERAEROEAREER A4 B H T2

S _\/(nil) {Zn_:(xk _ﬂ ?

ZZT:

= B RO A U R
n = HEHE
xk = k& B ORBRAE R

X = n&HORBGE RO THE

6.32 IEAMEER AT HEEREDONMRHEE ol 5, T, BBV~ @RS 572012, L)
PEHEE L L CY6.2 THIE LIARAIR IR A% 0 LT 2,
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7.1 SEMIE89 ® § 8 DFIEIZILSE, L~UL 3TV RDEMD T, RUMED 2 SOHRIEY AT LDORY %
WRET D,
7.2 TNENORE S AT DBV TRONEE THLEVIFERITRY, TNENDT AT DNHER Al HE/RL X
NI Z R UTZE, 2 DDRYDZEEBLD Ll A F RN An FHND,

A = bias; —bias, (3)

- .
——

bias; = % 1 OHET AT LDRY
bias, = % 2 DHET AT LDRY

8 BEXE

8.1 ASTM Standards®

ASTM E177 — Standard Practice for Use of the Terms Precision and Bias in ASTM Test Methods

ASTM E456 — Standard Terminology for Relating to Quality and Statistics

8.2 T DD E

8.2.1  Evaluating Automated Wafer Measurement Instruments, SEMATECH®, Technology Transfer 94112638A-
XFR

8.2.2  Metrology Tool Gauge Study Procedure for the International 300 mm Initiative (13001), International 300
mm Initiative®, Technology Transfer #97063295A-XFR

8.2.3 International Technology Roadmap for Semiconductors; most recent edition®’

8.2.4  1SO 3274-1996 — Geometrical Product Specifications (GPS) — Surface Texture: Profile method — Nominal
characteristic of contact (stylus) instruments®

®1 —ROGEELEE

HH TSI AR A By

1 Hz—/ O WAFER HANDLING
11 vARyb= o RETrH— F T ar e — Ty SEMI M1 |28~ T

Robot End-Effector EJeEe NIt HEIN Ty
12 AXyrRAT7F—v FTarye— Ty SEMIM1{ZE»T

Scan Stage EISES e HESNIzTYyY
1.3 v — bR & B IR AR B O

Wafer Contact Materials o — O

< ITRS 99 TOEF

14 Dx— ki FlziZreAATy D ZHARYE,

Wafer DGR ST LI LD B O [R5

15 vx—r\a—F7—alTIAMA | TUTTARAN S TRANT TAA B
Wafer Rotational Alignment

16 wm—RR—h & 2~4, HHZRV=— EOHL
Number of Wafer Carrier Stations S UUSEDIEIR

17 =XV TDOHEATS F—7 kv, FOUP, SEMI E1.9, SEMI E19,
Type of Wafer Carriers SMIF 7R, FOSB, MAC SEMI E47, SEMI E47.1,

SEMI M31, SEMI E158,
SEMI E159, SEMI M80

® American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, USA; Telephone: 610.832.9585,
Fax: 610.832.9555, http://www.astm.org

® SEMATECH, 257 Fuller Road, Suite 2200, Albany, NY 12203, USA; Telephone: 518.649.1000, http://www.sematech.org

" Recent versions of the ITRS are available from the homepage of International Sematech or ITRS: http://www.sematech.org or
http://www.itrs.net
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HH THELE(L AR X e

18 Jo— FpUTiEE FEY AR,

Wafer Carrier Loading a7 YLK
19 HEW=—F¥UT ID AKTEE

Automatic Wafer Carrier ID

Reading
110 o — R EEFZ TR EEHIZED

Wafer Seating AT —ray ETo

V= A EX T BE

111 J=—nFXVT 74V T =R | TUF LTI EARBLINe—F 47,

Wafer Carrier Filling Modes VA=VA SN =Vl = N )N 2/4

112 H#ihy=— ~ ID fif#i IR E
Automatic Wafer ID reading

113 R—F 4o N5Y < 0.001 PWP per cm?, SRR IZ LA SEMI E14
Particulate Contamination > 90 nm LSE i, Y = — R ORREE

L > 120 nm LSE H !

2 {E%8Y% RELIABILITY

21 MTBF > 2000 ] SEMI E10
22 MTTA > 4 W SEMI E10
23 MTTR H— ALK | T HEHL SEMI E10
24  AFATHEME Availability > 98% A
25 T A A2 Uptime > 160 HEE/AE
2.6 JGASEER] Response Time H— B RS ZHEHL
2.7 HEEFHIT ez A4 (SPC) MR SETEM

Statistical Process Control (SPC)

Performance
2.8 MR oA (SPC) HEE EETEM

3F A—# Statistical Process

Control (SPC) machine parameters

3 F# PROCEDURAL

31 ZAHIEMRA BERE
Acceptance Testing
3.2 AR LIUMNLT BEE
Transport and Assembly
33 AERAE F7 7 A% 1SO 9000/9001 (2 ISO
Quality Assurance HAESHD 9000/9001
3.4 f{FE Warranty > 14E
3.5 FRABRAAEM Test Certificates BRFEE
3.6 PlinEhin AF O AT RENE > 10 4¢
Spare Availability
37 EHER H7 T A% H 1SO 9000/9001 (2 ISO
Change Control HAESHD 9000/9001
4 X3&{t DOCUMENTATION
4.1 BT Installation WRETHZE
4.2 #{F Operation RESTHZE
43 Y —1 = Service S N
5 avEa—4, a—Y /0471 —X, HEE#HYE COMPUTER, USER INTERFACE, CONNECTIVITY
51 = Fa—&FF—F407 - Microsoft Windows NT 4.0
VAT A FroiFENLL L,
Computer Operating System F721% Unix
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