Background Statement for SEMI Draft Document 5989

REVISION OF SEMI M62-0515, SPECIFICATIONS FOR SILICON
EPITAXIAL WAFERS

Notice: This background statement is not part of the bedlatem. It is provided solely to assist the remipin
reaching an informed decision based on the ratioofathe activity that preceded the creation of hocument.

Notice: Recipients of this Document are invited to submith their comments, notification of any relevaatented
technology or copyrighted items of which they anege and to provide supporting documentation. is tontext,

“patented technology” is defined as technologwibich a patent has issued or has been appliebhftire latter case,
only publicly available information on the conteonfshe patent application is to be provided.

Background

The Int'| Epitaxial Wafer TF issued line item bdllast year to correct nonconforming title of tetandard as
permitted in accordance with the Special Procetistexd in section A4-1 and Table A4-1 of the SBERMbcedure
Manual.However, a reject was submitted on the scopeaseatid the ballot failed. This new ballot has the
following revisions:

a) Correct the title of this standard from “Spexations” to “Specification”
b) Delete 2.2 EDI codes no longer listed in M18
c) Delete 2.1.2.4 that is duplicate of 2.1.1.3

Notice: Additionsareindicated by underline and deletions are indicated by strikethrough-

Review and Adjudication I nformation

Task Force Review Committee Adjudication
Group: Int’l Epitaxial Wafer TF Silicon Wafer NA TC Chapte
Date July 11, 2016 July 12, 2016
Time & Timezone |10:00AM — 12:00N PST 9:00AM — 12:00N PST
L ocation: San Francisco, CA USA San Francisco, CA USA
L eader (s): Dinesh Gupta (STA) Dinesh Gupta [dgupta@pacbell.net]
Naohisa Toda (Shinetsu Handotai) Noel Poduje [noelpl@comcast.net]
Standards Staff: Kevin Nguyen (SEMI NA) Kevin Nguyen (SEMI NA)
408.943.7997 knguyen@semi.org
knguyen@semi.org Junko Collins (SEMI Japan)
jcollins@semi.org

This meeting’s details are subject to change, aditianal review sessions may be scheduled if reeogs Contact
the task force leaders or Standards staff for coafiion.

Telephone and web information will be distributedrterested parties as the meeting date approadhgeu will
not be able to attend these meetings in persowduid like to participate by telephone/web, pleesetact Standards
staff.

Check www.semi.org/standards _ on calendar of event for the latest meeting schedu le.
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Notice: Additionsareindicated by underline and deletions are indicated by strikethrough-

1 Purpose

1.1 Epitaxial silicon wafers are utilized for many igtated circuits and discrete semiconductor devitespermit
common processing equipment to be used in multipkdce fabrication lines, it is essential for thmensions of
epitaxial wafers to be standardized.

1.2 In addition, as technology advances to smallersanaller dimensions for the elements of high denstggrated
circuits, it has become of interest to standardiditional properties of epitaxial wafers.

1.3 This SpecificatioFhese-speeificatiordefines and provide examples of silicon epitaxial wafer requiremets
both discrete semiconductor device manufactureimtegrated circuit device manufacture. By definingpection
procedures and acceptance criteria, both sup@edsheir customers may uniformly define produdrebteristics
and quality requirements.

2 Scope

2.1 This SpecificationFhese—specificationgovers characteristics of both the substrate (througteresfce to
SEMI M1) and the epitaxial layer, including handliand packaging.

2.1.1 The specification for epitaxial silicon wafers fdiscrete semiconductor device manufacture is Spatif
directed to silicon homoepitaxial deposits thickean 25 pm on homogeneous silicon substrates dlasiepitaxial
wafers that are to be used to make discrete dewoeshese wafers, device feature sizes are ggneraxcess of
1pm.

2.1.1.1 The primary standardized properties set forth ia dpecification relate to physical, electricaldaurface
defect parameters.

2.1.1.2 Specific requirements for density of selected sugfdefects and variations of layer thickness ayelrlaet
carrier density are included together with AQLstfugse properties.

2.1.1.3 In addition, Part 3 of the Silicon Wafer Specifioat Format for Order Entrywhich is included as Table
can be used to facilitate inclusion of such add#ighysical properties and suitable test methedsay be require
in the specification.

2.1.2 The specifications for epitaxial silicon wafers fotegrated circuit applications are restrictedwafers of
diameter of 100 mm or greater with epitaxial latygckness less than or equal to 25 pum.

2.1.2.1 This Specificationhese—speciications—afie specifically directed to silicon homoepitaxial dsjte on
homogeneous silicon substrates only, for which rstiagent uniformity and surface defect critenia gequired than
for epitaxial silicon wafers for discrete semicootu applications.

2.1.2.2 The primary standardized properties set forth isdpecificationSpecificationrelate to physical, electrica
and surface defect parameters.

2.1.2.3 Specific requirements for density of selected sigfdefects (Table 2) and variations of layer thedehand
layer net carrier density are included togethehwiQLs for these properties. One type of such defecalized
light scatterers (LLS) such as particles, pits, atfebr surface defects. A table of equivalent LieBsity per unit are
and number of LLS within the fixed quality areaaofvafer is provided in Related Information 1.

! This table was formerly included in SEMI M18.
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2.1.2.5 Guides formed by a consensus of viewpoints areigeoMo suggest a foundation to specify an epitavéder

for use in integrated circuit manufacture at adeahdesign rules. Because these guides are notlfspaeifications
but are suggestions from which a specification @avlve, they are provided in Related Informatioff Be required
specification is determined by the device and tteegss design. The usefulness of the guides camcbeased by
considering them prior to developing a device desigprocess.

NOTICE: SEMI Standards and Safety Guidelines do not ptutpaddress all safety issues associated with tisei.
It is the responsibility of the users of the Docuiisdo establish appropriate safety and healthtipes; and determin
the applicability of regulatory or other limitatisrior to use.

3 Referenced Standards and Documents

3.1 SEMI Standards and Safa@Buidelines

SEMI M1 — Specification for Polished Single Crystal Silicon Wafers

SEMI M17 — Guide for a Universal Wafer Grid

SEMI M18 — Guide for Developing Specification Forfies Order Entry of Silicon Wafers

SEMI M33 — Test Method for the Determination of Riesl Surface Contamination on Silicon Wafers byakie of
Total Reflection X-Ray Fluorescence Spectroscop¥RF)

SEMI M35 — Guide for Developing Specifications fSilicon Wafer Surface Features Detected by Autoth
Inspection

SEMI M43 — Guide for Reporting Wafer Nanotopography
SEMI M44 — Guide for Conversion Factors for Intéiat Oxygen in Silicon
SEMI M45 — Specification for 300 mm Wafer ShippiSgstem

SEMI M53 — Practice for Calibrating Scanning Suefalmspection Systems Using Certified Depositions
Monodisperse Reference Spheres on Unpatterned Geduictor Wafer Surfaces

SEMI M59 — Terminology for Silicon Technology

SEMI M78 — Guide for Determining Nanotopography Wiipatterned Silicon Wafers for the 130 nm to 22
Generations in High Volume Manufacturing

SEMI MF95 — Test Method for Thickness of Lightly ped Silicon Epitaxial Layers on Heavily Doped Silic
Substrates Using an Infrared Dispersive Spectrapheter

SEMI MF110 — Test Method for Thickness of EpitaxielDiffused Layers in Silicon by the Angle Lappiagd
Staining Technique

SEMI MF154 — Guide for Identification of Structuraad Contaminants Seen on Specular Silicon Surfaces

SEMI MF374 — Test Method for Sheet Resistance 6€@i Epitaxial, Diffused, Polysilicon, and lon-Iitamted
Layers Using an In-Line Four-Point Probe with thiegi-Configuration Procedure

SEMI MF398 — Test Method for Majority Carrier Comteation in Semiconductors by Measurement
Wavenumber or Wavelength of the Plasma Resonanciendin

SEMI MF523 — Practice for Unaided Visual InspectadrPolished Silicon Wafer Surfaces
SEMI MF525 — Test Method for Measuring ResistiwitySilicon Wafers Using a Spreading Resistance &rob

SEMI MF672 — Test Method for Measuring Resistivityofiles Perpendicular to the Surface of a Siliv@afer
Using a Spreading Resistance Probe

SEMI MF723 — Practice for Conversion Between Reéstgtand Dopant or Carrier Density for Boron-Dop
Phosphorus-Doped, and Arsenic-Doped Silicon

SEMI MF1390 — Test Method for Measuring Warp oricdih Wafers by Automated Noncontact Scanning
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SEMI MF1392 — Test Method for Determining Net CarrDensity Profiles in Silicon Wafers by Capacitan
Voltage Measurements with a Mercury Probe

SEMI MF1451 — Test Method for Measuring Sori oncédih Wafers by Automated Noncontact Scanning

SEMI MF1530 — Test Method for Measuring Flatnedsickness, and Total Thickness Variation on Siliv¥dafers
by Automated Noncontact Scanning

SEMI MF1617 — Test Method for Measuring Surface iiod Aluminum, Potassium, and Iron on Silicon aril
Substrates by Secondary lon Mass Spectrometry

SEMI MF1726 — Practice for Analysis of Crystalloghéc Perfection of Silicon Wafers
SEMI T3 — Specification for Wafer Box Labels

SEMI T7 — Specification for Back Surface Marking@duble-Side Polished Wafers with a Two-Dimensidviatrix
Code Symbol

3.2 ANSIStandard$

ANSI/ASQ Z1.4 — Sampling Procedures and Tablesrfspection by Attributes
ANSI/EIA 556-B — Outer Shipping Container Bar Cddsbel Standard

3.3 DIN Standard$

DIN 50434 — Determination of Crystal Defects in Manystalline Silicon Using Etching Techniques ol 1} and
{100} Surfaces

DIN 50436 — Measurement of the Metallurgical Thieka of Epitaxial Layers of Silicon by the Stackirault
Method

DIN 50437 — Measuring the Thickness of Silicon Egial Layers by Infrared Interference Method

DIN 50439 — Determination of the Dopant ConcentmatProfile of Single Crystalline Semiconductor Makby
Means of the Capacitance-Voltage Method and Mer@amtact

DIN 50441-3 — Measurement of the Geometric Dimemsiof Semiconductor Slices; Determination of Flagn
Deviation of Polished Slices by Means of Multiplea®n Interference

DIN 50443-1 — Recognition of Defects and Inhomogjeriin Semiconductor Single Crystals by X-ray Tomphy:
Silicon

DIN 50444 — Conversion between Resistivity and Dap2ensity; Silicon

DIN 50447 — Contactless Determination of the EleetrSheet Resistance of Semiconductor Layers thatEddy-
current Method

3.4 EuropeanCommunityDirective!
2002/95/EC — On the Restriction of the Use of Gartéazardous Substances in Electrical and EleatrBguipment
3.5 ISOStandard §

ISO 14644-1 — Cleanrooms and Associated Contré@ledronments — Part 1: Classification of Airborratitulates

2 American National Standards Institute, 25 We&t 88eet, New York, NY 10036, USA; Telephone: 212.8900, Fax: 212.398.0023,
http://www.ansi.org

3 Deutsches Institut fir Normung e.V., Availablerfr@euth Verlag GmbH, Burggrafenstrasse 4-10, D-I@&lin, Germany;
http://www.din.de

4 Official Journal of the European Unipfebruary 13, 2003 Available for downloading frtma following URL:
http://164.36.164.20/sustainability/pdfs/finalrqidf.

5 International Organization for StandardizatiorQISentral Secretariat, 1 rue de Varembé, CaselpdiaCH-1211 Geneva 20, Switzerland;
Telephone: 41.22.749.01.11, Fax: 41.22.733.3480://www.iso.ch
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ISO 14706 — Surface Chemical Analysis — Determaratf Surface Elemental Contamination on Silicorf&k&aby
Total Reflection X-ray Fluorescence Spectroscop¥RF) on Silicon Wafers by Total Reflection X-rayuerescenc

Spectroscopy (TXRF)
3.6 JEITAStandard

JEITA EM-3401 — Terminology of Silicon Wafer Flasse

3.7 JISStandard$

JIS H 0609 — Test Methods of Crystalline DefectSilicon by Preferential Etch Techniques

JIS H 0611 — Methods of Measurement of Thickneapgef, and Bow of Silicon Wafers

JIS H 0614 — Visual Inspection for Silicon WaferghwSpecular Surfaces

NOTICE: Unless otherwise indicated, all documents citeadl ¢fe the latest published versions.

4 Terminology

4.1 Terms, acronyms, and symbols relating to silicarhtelogy and epitaxial silicon technology are dedirin

SEMI M59.

5 Ordering Information

5.1 Purchase orders for epitaxial silicon wafers furato these specifications shall include the gmeite order
entry information from Silicon Wafer SpecificatiGiormat for Order Entry, Parts 1 and 2, Table 1EMEM1.

5.1.1 Allinformation in Part 1, General Information, ati@ following items from Part 2, Polished WafeSubstrate

shall be included:
» 2-1.1 Growth Method
e 2-1.3 Crystal Orientation
» 2-1.4 Conductivity Type
e 2-1.5 Dopant
» 2-1.8 Wafer Surface Orientation
» 2-2.1 Resistivity
* 2-6.1 Diameter
* 2-6.2 Fiducial Dimensions
e 2-6.3 Primary Flat/Notch Orientation
e 2-6.4 Secondary flat length (or none)
» 2-6.5 Secondary flat location (or none)
» 2-6.6 Edge Profile
* 2-6.7 Thickness

5.1.2 Other items from Part 2, Polished Wafer or Substredn be included as needed.

5.1.3 In addition, the purchase order must indicate ésernethod to be used in evaluating each of thefsgmbitems

for which alternate test procedures exist.

5 Formerly JEIDA 43; Japan Electronics and InformmafTechnology Industries Association, Ote Centeildig, 1-1-3, Otemachi, Chiyoda-ku,

Tokyo 100-0004, Japahttp://www.jeita.or.jp

7 Japanese Standards Association, 4-1-24 Akasakattiku, Tokyo 107-8440, Japan; Telephone: 81. 33685, Fax: 81.3.3586.2014,

http://www.jsa.or.jp
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5.2 Purchase orders furnished to these specificatibal also include the items with4a symbol in the left-mos
column of Table 1, Silicon Wafer Specification Fatnfior Order Entry, Part 3. These are:

» 3-1.1 Conductivity Type/Structure

e 3-1.2 Layer Dopant

» 3-1.3 Silicon Source Gas

e 3-1.4 Layer Growth Method

» 3-1.5 Layer Net Carrier Density or Resistivity, tarpoint
e 3-1.6 Net Carrier Density Variation

e 3-1.7 Layer Thickness, center point

e 3-1.8 Layer Thickness Variation

NOTE 1:The dopant, doping method, and growth method difeewt to ascertain in the finished wafers. Verdtion test
procedures or certification of these charactessttoould be agreed upon between the supplier axcligtomer (see § 9).

NOTE 2:Care should be taken in converting between cadgasity and resistivity using SEMI MF723. Multiglenversions may|
introduce differences in values. For example, caimgefrom carrier densityQ) to resistivity and back to carrier densi€)( may
result inCi not equalingC:.

5.2.1 Also, appropriate epitaxial wafer defect limitsrfr8-4 and 3-5 of Part 3 shall be included. The ingpwe of
various defects may vary from application to aggl@n, but minimum requirements for defect limits £pitaxial
wafers are given in Table 2.

5.2.2 Limits for slip, which may require destructive tegf, shall be specified in the purchase order togretvith an
appropriate test method.

5.2.3 Other items from Part 3, Epitaxial Wafer, can belided as needed.

5.2.4 In addition, the purchase order must indicate ésernethod to be used in evaluating each of thefsgmbitems
for which alternate test procedures exist.

5.3 The following items must also be included in theghase order:
5.3.1 Lot acceptance procedures.
5.3.2 Certification (if required).

5.3.3 Packing and shipping container labeling requirement

6 Requirements

6.1 As a minimum, the substrate shall conform to SEM! &hd the appropriate substrate (polished wafeegoay
requirements (see Tables 5 through 11 in SEMI M1He requirements for various wafer categories).

6.2 If specified on the purchase order, the wafers| slomiform to the Restriction of Hazardous Substan&oHS)
regulatory requirements of EC Directive 2002/95/[EGt information, the maximum concentrations of Cd, Hg,
and Pb in the bulk or on the surface of the wadquired by this directive are given in SEMI M1.

6.3 Epitaxial wafer defects shall not exceed the lirgit&n in Table 2. In this table, the defect linfiégcept for edg
chips and indents) apply to the fixed quality ané#he wafer except for any area included in a wimdvhere there
is a laser identification mark.

6.3.1 In the absence of another specification, epitaxéftkers for IC applications shall contain no slipels within the
quality area.

NOTE 3:When an unetched wafer is observed for slip itigassible to differentiate between slip and linegsfit lines.

6.4 Layer Thicknes¥ariation
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6.4.1 Epitaxial Wafer for Discrete Semiconductor Devicandfacture— Unless otherwise specified, the thickn
variation shall be determined from values measatetie center and half radiug/2) locations, on diameters bo
parallel and perpendicular to the primary flat, ahdll be<6% defined as follows:

2
Variation(%) = Tmax x 100

1)
Whereg denotes one of the thickness values measuredfaaals andC denotes the value at the center.

6.4.2 Epitaxial Wafer for IC Applications— Unless otherwise specified, the thickness viariaghall be determine
from value measured at the center and locationgieh12 mm + 1 mm from the periphery, on diamdieth parallel
and perpendicular to the primary fatnotch axis, as follows:

t

Variation (%) = -max_tmin x 100

max min (2)

wheretmax andtmin denote the maximum and minimum thickness valuessored. The 12 mm locations have b
defined based on instrument processing and fixguconsiderations.

6.5 Layer Net Carrier Density/ariation

NOTE 4:In many cases, this variation is described in tesfesistivity variation. It is possible to convbetween resistivity an
net carrier density with the use of SEMI MF723. Hmer, it must be noted that the center point gbeciication expressed i

resistivity differs from that expressed in net @rdensity. Consequently, the distributions magkaved in different ways aroun
the center point.

6.5.1 Epitaxial Wafer for Discrete Semiconductor Devicandfacture— The net carrier density variation shall
determined from values measured at the center affdradius R/2) locations, on diameters both parallel
perpendicular to the primary flat, and shalldi®% for net carrier densityl x 10° cnT® and<15% for net carrier
density <1 x 1& cm2 defined as follows:
5
2
C

Variation(%) = MaX % 100

3

Whereg denotes one of the net carrier density values medsu half radius an@ denotes the value at the cente

Table 1 Silicon Wafer Specification Format for Orde  r Entry, Part 3 Epitaxial Wafer

ITEM SPECIFICATION MEASUREMENT METHOD

3-1. GENERAL EPITAXIAL WAFER AND LAYER CHARACTERISTICS (Note thate indicates a required item for which
value or choicenust be indicated in order to minimally specify an agiél silicon wafer.)

FOR EPITAXIAL WAFERS FOR IC APPLICATIONS, THE ITEMSISTED IN THIS ENTIRE TABLE MAY BE
SPECIFIED INDIVIDUALLY OR

[ 1Specified according to Epitaxial Wafer Categady[ ] (see Tables R2-1 through R2-4 foraepil wafer categories)
If the items are specified according to a standatdgory, none need be entered individually anye/rethis table unless
(1) a choice must be made between various optiotieei category requirements or (2) an exceptiaiesired.

¢ |3-1.1 |Conductivity [Inin*; [Ip/p [ 1p/p*; [ 1p/PH;
Type/Structure [ ]Other: (specify)__

¢ [3-1.2 | Layer Dopant [ 1Boron; [ ]Phosphorus; [ JAnge

¢ |3-1.3 | Silicon Source Gas [ ISiH ]SiH2Cly; [ ]SIHCIs; [ ]SiCls;

¢ |3-1.4 | Layer Growth Method Reactor Type [ ; Piessure [ ]
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Measured
Convert to Net Carrie
Density

ITEM SPECIFICATION MEASUREMENT METHOD
¢ |3-1.5 [Layer Net Carrier Nominal[ ]+ Tolerance[ ]x 10 [ ISEMI MF1392; [ |DIN 50439;
Density or atoms/cm or [ ISEMI MF398; [ ][SEMI MF374;
Resistivity, center Nominal[ ]z Tolerance[ Q-cm [ ISEMI MF672; [ IDIN 50447
point [ 1Other: (specify)
If Resistivity is [IYes; [INo [ ISEMI MF723 [ |DIN50444

¢ |3-1.6

Net Carrier Density
Variation

[1<10%; [K15%; [k %
[ 1Center and Half Radius (Equation 3);

Measurement Position[ ]Center and 12 mm from edge (Equation 4);

and Calculation

[ 10ther

[ ISEMI MF1392; [ ]DIN 50439,
[ ]Other: (specify)

¢ |3-1.7

Layer Thickness,
center point

Nominal [ ]tTolerance[ HJm

[ ISEMI MF95; [ IDIN 50437;
[ ]SEMI MF110; [ ]SEMI MF672;
[ IDIN 50436;

[ 1Other: (specify)

¢ |3-1.8

Layer Thickness
Variation
Measurement Positio
and Calculation

[1<6%;[}s____%

[ 1Center and Half Radius (Equation 1);

1[ ]Center and 12 mm from edge (Equation 2);
[ 1Other

Use same method as in 3-1.7 at
each position

3-1.9 | Transition Width [I= ym Use same methods as in 3-1.7 (IR
only, for thickness measurement
and 3-1.10 (for carrier density
measurement)

3-1.10| Flat Zone [1 um [ ISEMI MF1392; [ IDIN 50439;

[ ]Other: (specify)
3-1.11| Phantom Layer [ INone
3-2. POST-EPI DIMENSIONAL CHARACTERISTICS

3-2.1 | Bow [1 pm [1JIS H0611;

[ 10ther: (specify)

3-2.2 | Warp [1 pm [ ISEMI MF1390; [ ]Other:
(specify)

3-2.3 | Sori [1 pm [ ISEMI MF1451;

[ ]Other: (specify)
3-2.4 |Total Thickness [ITTV; [ 1GBIR; [ ]Other: (specify) [ ISEMI MF533; [ ][SEMI MF1530
Variation [1JIS H 0611; [ ]DIN 50441/1;
[ ]Other: (specify)
3-2.5 | Flatness, Global [1= pm; Acronynf [ 1[][][] [ ISEMI MF1530; [ ]DIN 50441/3;
[ JJEITA EM-3401;
[ ]Other: (specify)
3-2.6 | Flatness, Site [1= pm; Acronynf [ 1[][][] [ ISEMI MF1530;
Site Size . _ mmx___ mm [ 1Other: (specify)
[ 1% Usable Area
[ ]include partial sites; [ ]Do not include partiites
Offset:x=[ ]mm,y=[ ] mm

3-2.7 | Nanotopography [1<___ nmfor 2 mm diameter analysis area; and| [ ][SEMI M43;
[1<___ nmfor 10 mm diameter analysis area; [ 1Other: (specify)
[ 1Other: (specify)

3-2.8 | Misfit dislocations [ Jto be determined ¢ e determined

3-2.9 | Flatness, Site, SBIR [ ]to be determined [ ISEMI MF1530;

[ 10ther: (specify)

3-2.10 | Edge Profile [ Jto be determined [ ]to lmtedmined

3-2.11 | Edge Roll Off [ Jto be determined [ Jtodbetermined

This is a Draft Document of the SEMI International Standards program. No material on this page is to be construed as an official or adopted Standard or Safety Guideline.
Permission is granted to reproduce and/or distribute this document, in whole or in part, only within the scope of SEMI International Standards committee (document development)
activity. All other reproduction and/or distribution without the prior written consent of SEMI is prohibited.

Page 7

Doc. 5989 © SEMI®

LETTER BALLOT



Semiconductor Equipment and Materials International

3081 Zanker Road
San Jose, CA 95134-2127

Phone: 408.943.6900, Fax: 408.943.7943

/»semr

DRAFT
Document Number: 598 9
Date: 4/13/2016

ITEM

SPECIFICATION

MEASUREMENT METHOD

3-3. POST-EPI FRONT SURFACE CHEMISTRY

3-3.1 | Surface Metal Contamination

3-3.1.1| Sodium

[Kl 1x 10 latoms/cr

[JICPIMS; [ ]AAS;
[ ISEMI MF1617 (SIMS);
[ ]Other: (specify)

3-3.1.2| Aluminum

[[ 1x10 latoms/cr

[JICPIMS; [ ]AAS;
[ ISEMI MF1617 (SIMS);
[ 10ther: (specify)

3-3.1.3| Potassium

[ ]x 10 latoms/cm

[JICPIMS; [ ]AAS;

[ ISEMI MF1617 (SIMS);
[ ISEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ ]Other: (specify)

3-3.1.4| Chromium

[Kl 1x 10 latoms/crA

[JICPIMS; [ ]AAS;

[ ISEMI MF1617 (SIMS);
[ ]SEMI M33 (TXRF);
[]ISO 14706 (TXRF);

[ 10ther: (specify)

3-3.1.5| Iron

[1<[ 1x 10 latoms/cr

[1ICP/MS; [ 1AAS;
[ ISEMI MF1617 (SIMS);
[ ISEMI M33 (TXRF);
[]ISO 14706 (TXRF);

[ 10ther: (specify)

3-3.1.6| Nickel

[I=[ ] x 10 latoms/cr

[JICPIMS; [ ]AAS;

[ ISEMI MF1617 (SIMS);
[ ISEMI M33 (TXRF);
[]ISO 14706 (TXRF);

[ 10ther: (specify)

3-3.1.7| Copper

[K[ 1x10 latoms/crd

[1ICP/MS; [ 1AAS;
[ ISEMI MF1617 (SIMS);
[ ISEMI M33 (TXRF);
[]ISO 14706 (TXRF);

[ 10ther: (specify)

3-3.1.8| Zinc

[1<[ 1x 10 latoms/cr

[1ICP/MS; [ 1AAS;
[ ISEMI MF1617 (SIMS);
[ ISEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ 1Other: (specify)

3-3.1.9| Calcium

[Kl 1x10 latoms/cri

[JICPIMS; [ ]AAS;

[ ISEMI MF1617 (SIMS);
[ ]SEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ 10ther: (specify)

3-3.2 | Other Surface Metals

(List Separately)

3-3.2.1| Cobalt

[K[ 1x10 latoms/crd

[1ICP/MS; [ 1AAS;
[ ]SEMI MF1617 (SIMS);
[ ]SEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ ]Other: (specify)

3-3.2.2| Manganese

[ ] x 10 latoms/cr

[JICPIMS; [ ]AAS;

[ ]SEMI MF1617 (SIMS);
[ ]SEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ ]Other: (specify)
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ITEM

SPECIFICATION

MEASUREMENT METHOD

3-3.2.3

Molybdenum

[Kl 1x10 latoms/crd

[1ICP/MS; [ 1AAS;
[ ]SEMI MF1617 (SIMS);
[ ]SEMI M33 (TXRF);
[]ISO 14706 (TXRF);

[ 10ther: (specify)

3-3.24

Titanium

[KE[ ]x 10 latoms/cr

[1ICP/MS; [ 1AAS;
[ ]SEMI MF1617 (SIMS);
[ ISEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ 1Other: (specify)

3-3.25

Vanadium

[H 1x10 latoms/crd

[1ICP/MS; [ 1AAS;
[ ]SEMI MF1617 (SIMS);
[ ]SEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ 10ther: (specify)

3-3.2.6

[ 1Other:
(specify)

[1<[ 1x 10 latoms/crd

[]ICP/MS; [ 1AAS;
[ ]SEMI MF1617 (SIMS);
[ ]SEMI M33 (TXRF);
[]1ISO 14706 (TXRF);

[ ]Other: (specify)

3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS

THE ITEMS LISTED IN THIS SECTION MAY BE SPECIFIEDNDIVIDUALLY OR THEY MAY BE:
[ I1Specified according to Table 2, Discrete Appfioas, or
[ 1Specified according to Table 2, IC Applications.

In either of these latter cases, individual listeths need not be entered individually in thisisectinless an exception is

Scatterers, Size >1m
on side

desired.
3-4.1 | Stacking Faults [ 11/ [Other: (specify) [ ISEMI MF1726; [ ]SSIS?
[ ]Other: (specify)
3-4.2 | Slip [ 136 grid elements (Discrete Epitaxial Wafer only)[ ]SEMI M17
[ INone; [ ]Other: (specify) [ ISEMI MF1726
3-4.3 | Dislocations [ INone; [ ]Other: (specify) [ 1ISEMI MF1726
3-4.4 |Large Localized Light|[ ]None; [ ISEMI MF523; [ ]IS H 0614;

Size:>[ ] um (LSE) Count<[ ]
[ 1 per wafer; [ ] per crh

[1SSIS#?
[ ]Other: (specify)

3-4.5 |Localized Light Size:>[ ] um (LSE) Count<[ ] [ ISEMI MF523; [ [JIS H 0614;
Scatterers (LLS) [1 per wafer; [] per crh [1SSIS#2
Size:>[ ]1um (LSE) Count<[ ] [ 1Other: (specify)
[ 1 per wafer; [] per crh
Size:>[ ]um (LSE) Count<[ ]
[ 1 per wafer; [] per crh
Size:>[ ]um (LSE) Count<[ ]
[ 1 per wafer; [ ] per crh
Size:>[ ]um (LSE) Count<[ ]
[ 1 per wafer; [] per crh
3-4.6 | Haze [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS#?
[ 1Other: (specify)
3-4.7 | Scratches — Macro [ INone; [ ]Other: (spgcif [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS?#?
[ 10ther: (specify)
3-4.8 | Scratches — Micro [ INone; [ ]Other: (spgkif [ ISEMI MF523; [ ]JIS H 0614;

[1SSIS??
[ 10ther: (specify)

This is a Draft Document of the SEMI International Standards program. No material on this page is to be construed as an official or adopted Standard or Safety Guideline.
Permission is granted to reproduce and/or distribute this document, in whole or in part, only within the scope of SEMI International Standards committee (document development)
activity. All other reproduction and/or distribution without the prior written consent of SEMI is prohibited.

Page 9

Doc. 5989 © SEMI®

LETTER BALLOT



Semiconductor Equipment and Materials International

3081 Zanker Road
San Jose, CA 95134-2127
Phone: 408.943.6900, Fax: 408.943.7943

/»semr

DRAFT
Document Number: 598 9
Date: 4/13/2016

ITEM SPECIFICATION MEASUREMENT METHOD
3-4.9 |Edge Chips and [ INone; [ ]Other: (specify) [ ISEMI MF523; [ |JIS H 0614,
Indents [1SSIS#?
[ 1Other: (specify)
3-4.10 | Foreign Matter [ ]None; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[]1SSIS#?
[ 1Other: (specify)
3-4.11| Dimples [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[]1SSIS#?
[ 1Other: (specify)
3-4.12 | Orange Peel [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS#?
[ 1Other: (specify)
3-4.13 | Contamination/Area |[ ]None; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS?#?
[ 10ther: (specify)
3-4.14 | Edge Cracks [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS?#?
[ 10ther: (specify)
3-4.15 | Edge Crown [ 1Projection above layer surfacd/3 of layer [ IDIN 50446;
thickness; [ 10ther: (specify)
[ INone; [ ]Other: (specify)
3-4.16 | Cracks, Crow’s Feet [[ ]None; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS#?
[ 10ther: (specify)
3-4.17 | Mounds [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS?#?
[ ]Other: (specify)
3-4.18| Saw Marks [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS?#?
[ ]Other: (specify)
3-4.19 | Dopant Striation Rindg ]None; [ ] Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[ IDIN 50443/1;
[ ]Other: (specify)
3-4.20| Stains [ INone; [] Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[ ]Other: (specify)
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS
THE ITEMS LISTED IN THIS SECTION MAY BE SPECIFIEINDIVIDUALLY OR THEY MAY BE
[ 1Specified according to Table 2, Discrete Applioas, or
[ 1Specified according to Table 2, IC Applications.
In either of these latter cases, individual listedhs need not be entered individually in this isectinless an exception is
desired.
3-5.1 | Contamination [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[ 10ther: (specify)
3-5.2 | Scratches — Macro |[]None; [ ISEMI MF523; [ ]JIS H 0614;
[ 1Other: (specify cum length) mm [1SSIS#?
[ 10ther: (specify)
3-5.3 | Scratches — Micro [ INone; [ ISEMI MF523; [ ]JIS H 0614;
[ ]Other: (specify cum length) mm [1SSIS#?
[ 10ther: (specify)
3-5.4 |Localized Light Size:>[ ] um (LSE) Countg[ ] [ISEMI MF523; [ ]JIS H 0614;
Scatterers (LLS) [ 1 per wafer; [] per crh [1SSIS#?
Size:>[ ] um (LSE) Counts[ ] [ 1Other: (specify)
[ 1 per wafer; [ ] per crh
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ITEM SPECIFICATION MEASUREMENT METHOD

3-5.5 [ Edge Chips [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS#?
[ ]Other: (specify)

3-5.6 | Cracks, Crow's Feet [ INone; [ ]10Other: (shgc [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS#?
[ ]Other: (specify)

3-5.7 | Saw Marks [ INone; [ ]Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[1SSIS#?
[ ]Other: (specify)

3-5.8 | Stains [ INone; [] Other: (specify) [ ISEMI MF523; [ ]JIS H 0614;
[ 10ther: (specify)

3-6. OTHER POST-EPI CHARACTERISTICS (as required)

#1 Flatness Acronyms are defined in the Flatness @ecEee in Appendix 1 of SEMI M1.

#2 In today’s technology, it may be possible to inggecsome of these items using automated surfeaening inspection systems (SSIS). Su|
systems should be calibrated according to SEMI M&8g polystyrene latex spheres deposited in aecoelwith SEMI M58. Some indicatio
of the defects separable by such instruments igged in SEMI M35; however, a standard test procedhas yet to be developed. Application
automated inspection with the use of an SSIS nesigoeed upon between supplier and customer.

Table 2 Epitaxial Wafer Defect Limits

Maximum Limit*
Item Characteristic Discrete Applications Ic
fepi< 25 UM | 50 > dpi> 25 pm| 100 > £pi> 50 p|  tepi> 100 pm | APPlications
3-4.1 Stacking Faults 15 per €m 1 per crd
3-4.2 Slip n = 36 grid elements (SEMI M17) None
3-4.3 Dislocations not specified None
3-4.4 Large LLS, at20 um LSE| 0.07 percm| 0.09 per crh 0.12 per crh 0.15 per crh | Not specified
3-45 Total LLS, at0.5 um LSE| 0.20 per én| 0.24 per crh 0.27 per crh 0.30 per cr |0.20 per crh
3-4.6 Haz#? None None
3-4.7 Scratches — Madfo None None
3-4.8 Scratches — Mict® None None
3-49 Edge Chips and Indeffts [None None
3-4.10 | Foreign Mattét None None
3-4.15 | Edge Crowit Projection above wafer surface not to exceed €}/3) Not specified
3-5.1 Back Surface None None
Contaminatiof?

#1 Except for edge chips and indents, defect limigghafo the fixed quality area of the wafer except &ny area included in a window whe
there is a laser identification mark. Nominal edgelusion is 4 mm for 150 mm wafers, 4, 3, or 2 fom200 mm wafers, and 3, 2, or 1 mm fi
300 mm wafers.

#2 Any adherent contaminants, such as stains, glovksndirt, smudges, warps, and solvent residuess. difaracteristic does not include poi
defects. Any nonadherent contamination or partteutaatter easily removed by industry-accepted ategtechniques shall not constitute forei
matter or haze.

#3 The cumulative AQL for both front surface and baakface of wafer is 2.5.
#4 The cumulative AQL for both front surface and baakface of wafer is 1.0.
#5 Edge crowning may be reduced by pre-epitaxy edgeding or removed by post-epitaxy edge rounding.

6.5.2 Epitaxial Wafer for IC Applications— The net carrier density variation shall be defeed from values
measured at the center and locations with centiregbrobe at 12 mm + 1 mm from the periphery, iameters both
parallel and perpendicular to the primary flat otam axis, as follows:
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Variation(%) = Ninas = Nimin 199

max + Nmin (4)

whereNmax andNmin denote the maximum and minimum net carrier dengityes measured. The 12 mm locati
have been defined based on instrument processth{pdnring considerations.

7 Specification Guides for IC Applications

7.1 Guides for specifying epitaxial wafers for IC agplions are provided in Related Information 2. Ehgaides
cover epitaxial wafers for use in fabricating IGghwilesign rule of 1 pm or smaller. These guidewige a series 0
options intended to increase the awareness ofxgiitspecifications and to provide information frowhich a
specification can be formulated.

7.2 The information provided in the guides was formgaltonsensus of viewpoints. The guides may or moape
used as a foundation to specify an epitaxial wiafieuse in device manufacture. Their usefulnessbesimcreased b
considering the information in the appropriate guptior to developing a device design or proces® fequired
specification is determined by the device and tioegss design; the guides are suggestions fromhvehépecification
can evolve.

7.3 A specification guide can be viewed as a geneiiiexdpl wafer specification or as an example opecification.
These tables provide common epitaxial wafer charetics which describe starting wafers usefutfiermanufactur
of some twin tub CMOS devices. When suitable to dpplication, the guides can be used intact, redutie
proliferation of specifications and formats. Catége have been defined for epitaxial wafers thdlofo the
specifications given in the specification guidelse3e are summarized in Table 3.

Table 3 Epitaxial Wafer Categories

Epitaxial Wafer Category| Design Rule Technology
11.3 1.0um Twin-Tub CMOS
11.4 0.35 um Twin-Tub CMOS
115 0.35 um DRAM
11.6 0.25um Twin-Tub CMOS

11.7.1 0.18 um p/p-, DRAM
11.7.2 0.18 um p/p*, DRAM, Logic
11.7.3 0.18 um p/p**, Logic
1191 130 nm p/p-, DRAM
11.9.2 130 nm p/p*, DRAM, Logic
11.9.3 130 nm p/p**, Logic
11.10.1 90 nm p/p-, DRAM
11.10.2 90 nm p/p*, DRAM, Logic
11.10.3 90 nm p/p**, Logic
11.111 65 nm p/p-, DRAM
11.11.2 65 nm p/p*, DRAM, Logic
11.11.3 65 nm p/p**, Logic
11.12.1 45 nm p/p-, DRAM
11.12.2 45 nm p/p*, DRAM, Logic
11.12.3 45 nm p/p**, Logic
11.13.1 32 nm p/p-, DRAM
11.13.2 32nm p/p*, DRAM, Logic
11.13.3 32 nm p/p**, Logic
11.141 22 nm p/p-, DRAM
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Epitaxial Wafer Category| Design Rule Technology

11.14.2 22 nm p/p*, DRAM, Logic

11.14.3 22 nm p/p**, Logic

11.151 16 nm p/p-, DRAM

11.15.2 16 nm p/p*, DRAM, Logic

11.15.3 16 nm p/p**, Logic

7.3.1 Table R2-1 gives typical epitaxial wafer criteffimt can be used to develop a specification for maéebe use
in the fabrication of 1.0 um, 0.35 um, or 0.25 pesign rules.

7.3.1.1 The criteria for all three design rules are givendpitaxial wafers to be used for twin-tub CMO%ides,
such as, but not limited to, ASICs, FPGAs, lineBSPs, and microprocessors.

7.3.1.2 Typical criteria for 0.35 um design rules are aseen for epitaxial wafers to be used for deviceshsas
64 Mb DRAMSs.

7.3.2 Table R2-2 gives typical epitaxial wafer critefi@at can be used to develop a specification for isatebe use
in the fabrication of twin tub CMOS, 0.18 um desigie devices.

7.3.3 Table R2-3 gives typical epitaxial wafer critetiet can be used to develop a specification for ksatebe use
in the fabrication of twin tub CMOS, 130 nm desigte devices.

7.3.4 Table R2-4 gives typical epitaxial wafer critefi@at can be used to develop a specification for isdatebe use
in the fabrication of 90 nm design rule CMOS desice

7.3.5 Table R2-5 gives typical epitaxial wafer critefi@at can be used to develop a specification for isatebe use
in the fabrication of 65 nm design rule CMOS desice

7.3.6 Table R2-6 gives typical epitaxial wafer critetiet can be used to develop a specification for ksatebe use
in the fabrication of 45 nm design rule CMOS desice

7.3.7 Table R2-7 gives typical epitaxial wafer critefi@at can be used to develop a specification for isatebe use
in the fabrication of 32 nm design rule CMOS desice

7.3.8 Table R2-8 gives typical epitaxial wafer critefi@at can be used to develop a specification for isatebe use
in the fabrication of 22 nm design rule CMOS desice

7.3.9 Table R2-9 gives typical epitaxial wafer critefiwat can be used to develop a specification for isatebe use
in the fabrication of 16 nm design rule CMOS desice

8 Sampling

8.1 Unless otherwise specified, appropriate sample ssigbhall be selected from each lot according jllo
ANSI/ASQ Z1.4-1993. Quality characteristics shaldssigned an acceptable quality level (AQL) iroadance with
ANSI/ASQ Z1.4-1993. Inspection levels shall be agreipon between supplier and customer. Accept ejedtr
criteria are to be based on defective wafers, natefective characteristics.

8.2 Unless otherwise specified, the following AQL’s khee assigned:
8.2.1 Epitaxial Wafer for Discrete Semiconductor Devidanufacture
» Epitaxial Layer Center-point Thickness and Varia}i6.5%;
» Epitaxial Layer Center Net Carrier Density and ¥#dn, 6.5%;
» Epitaxial Wafer Defects, Cumulative, 4.0%.
8.2.2 Epitaxial Wafer for ICApplications
» Epitaxial Layer Center-point Thickness and Variafin%;
» Epitaxial Layer Center Net Carrier Density and ¥#dn, 1%;
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» Epitaxial Wafer Defects, Cumulative, 2.5%.

9 Test Methods

9.1 Measurements shall be made or certifiable to ortkeoSEMI, ASTM, JEITA, JIS, or DIN standard testthrods
for the item as selected from the Silicon WafercHjpmtion Format for Order Entry, Parts 2 andd@dted in Table
of SEMI M1 and Table 1 herein, respectively, andcifed in the purchase order.

9.2 If several different standard test methods for temiare commonly used within a region, it is paittdy
important that the applicable method of test batidied in the purchase order.

9.3 If no method of test is specified in the purchasgeo and if standard test methods from differerdggaphic
regions are available, the default method shak In@ethod in common usage for the region of thehager of the
wafer.

9.4 If no standard test method for an item is availathie test procedure to be used must be agreedhgiareen
supplier and customer.

9.5 Information about various test methods appropt@sibstrate and epitaxial wafer testing is prodimeRelated
Information 2 of SEMI M1 together with informaticabout some additional test methods no longer irewige
throughout the industry

9.6 Test Methods for Properties of the Epitaxialyer

9.6.1 Thickness— In the case of thin layers and graded dopingsiteons, the methods cited in Item 3-1.7 (Tabl

are likely not to be suitable. See the scopeseasfdhiest methods to determine their limitationsnéasuring transitio

width, only infrared techniques apply; these avegiin SEMI MF95 and DIN 50437. In all cases, thisr@ possibility
that various types of infrared reflectance instrotaBon may result in different values of epitaXayer thickness.
Therefore, both the test method and the instrunientased shall be agreed upon between suppliecastomer.

9.6.2 Net Carrier Density— SEMI MF1392 and DIN 50439 are methods for meagunet carrier density using

mercury probe contact. If resistivity is measurasl by SEMI MF374, SEMI MF525, or DIN 50447, convensto

dopant density shall be made using SEMI MF723 & B0444, which are technically equivalent. Net ieardensity
of very heavily doped layers (or substrates) majobed using SEMI MF398. Net carrier density predilmay be
determined directly in accordance with SEMI MF1392DIN 50439 or indirectly in accordance with SEMF672,

with conversion from resistivity to net carrier @éxg in accordance with SEMI MF723 or DIN 50444tHé method
used for determining the net carrier density pedlnot the same as that used to determine thieregoint net carrier|
density, correlation between the two methods uball be established.

9.6.3 Epitaxial WaferDefects

9.6.3.1 Surface inspection shall be performed before ahgraesting. Wafers may be cleaned prior to inspedo
minimize difficulty in the visual inspection of dadts other than foreign matter.

9.6.3.2 Slip — For observation of gross slip, examination of dpétaxial layer under the illumination conditio
specified in 1 12.2 of SEMI MF523 may suffice. Foore demanding applications, it may be desirablet¢d the
surface in accordance with SEMI MF1726 prior to¥feial inspection.

9.6.3.3 Inspection for slip on epitaxial wafers intended fliscrete device manufacture shall be done usiity
elements constructed in accordance with SEMI MIvekement is defective if it contains one or mdiglies. The
total number of elements shall be less than orldqug wheren is listed in Table 2.

9.6.3.4 Automatic surface inspection technology is beingedteped to detect and discriminate surface defddts.
use of SEMI M35 is intended to facilitate this dieyanent.

9.7 If substrates of different type and net carriersitgnthan the product substrates are to be useddposition
control, their type, resistivity, and quantity pan or lot shall be agreed upon between supplidrcaistomer.

10 Certification

10.1 Upon request of the purchaser in the contract demra manufacturer's or supplier's certificatidratt the
material was manufactured and tested in accordaithehis specification, together with a reporttbé test results
shall be furnished at the time of shipment.
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10.2 In the interest of controlling inspection costs Hupplier and the customer may agree that therialagball be
certified as ‘capable of meeting’ certain requiratse In this context, ‘capable of meeting’ shafirsfy that the
supplier is not required to perform the approprias in § 9. However, if the customer performes tést and th
material fails to meet the requirement, the maltenay be subject to rejection.

11 Product Labeling

11.1 The wafers supplied under these specificationd bleatentified by appropriately labeling the odtsiof each
box or other container and each subdivision theire@fhich it may reasonably be expected that th&eksawill be
stored prior to further processing. ldentificatirall include as a minimum the nominal diametendemtivity type,
dopant, orientation, resistivity range, and lot ilw@m The lot number, either (1) assigned by thgimai manufacture
of the wafers, or (2) assigned subsequent to waterufacture but providing reference to the originalnumber,
shall provide easy access to information concerttiegfabrication history of the particular wafensthat lot. Such
information shall be retained on file at the mawtieer’s facility for at least one year after tpatticular lot has bee
accepted by the customer.

11.2 Alternatively, if agreed upon between supplier anstomer, one of the box labeling schemes in SEBMAall
be used and the information listed in f 11.1 thatdt included on the label shall be retained engtipplier's dat
base for at least one month after that particateh&s been accepted by the customer.

11.3 Epitaxial wafers of 300 mm diameter shall be shippepackages labeled in accordance with SEMI M45.

12 Packing and Marking Shipping Container Labeling

12.1 Special packing requirements shall be subject teeagent between the supplier and customer. Otheraik
wafers shall be handled, inspected, and packeddh a manner as to avoid chipping, scratches, anthaination
and in accordance with the best industry practicgsovide ample protection against damage duriignsent.

12.2 Epitaxial wafers of 300 mm diameter shall be shipipeaccordance with SEMI M45.

12.3 Unless otherwise indicated in the purchase ordemuiside wafer shipping containers shall be lebein
accordance with ANSI/EIA 556-B.
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RELATED INFORMATION 1
LLS DENSITY EQUIVALENTS

NOTICE: This Related Information is not an official paftSEMI M62 and was derived from the work of thelgib
Silicon Wafer Technical Committee. This Relatedomfiation was approved for publication by full lettzallot
procedures on September 8, 2005.

R1-1 Introduction

R1-1.1 Table R1-1 gives the number of localized light taats in the fixed quality area of wafers of vasmominal
diameters and various values of nominal edge eixtluEE, that is equivalent to the LLS density per?and LLS
density per mgiven in the first two columns.

Table R1-1 Number of Localized Light Scatterers in  the Fixed Quality Area of Wafers of Different Size sasa
Function of LLS Density

LLS LLS Nominal Diameter, mm
Density| Density
percnt | pernf | 2in. 3in. | 100 mm125 mm 150 mm 200 mm 300 mm

EE=2 mm|EE=2 mmEE=3 mnmEE=3 mmEE=4 mmEE=4 mn|EE=3 mn|EE=2 mmEE=3 mnmEE=2 mmEE=1 mm
0.01 100 0 0 0 1 1 2 2 3 6 6 6
0.02 200 0 0 1 2 3 5 5 6 13 13 13
0.03 300 0 1 2 3 4 8 8 9 20 20 20
0.04 400 0 1 2 4 6 11 11 12 27 27 271
0.05 500 0 2 3 5 7 14 14 15 33 34 34
0.06 600 1 2 4 6 9 17 17 18 40 41 41
0.07 700 1 2 4 7 11 20 20 21 47| 48 48
0.08 800 1 3 5 8 12 23 23 24 54 55 f
0.09 900 1 3 6 10 14 26 26 27 61 61 62
0.10 1000 1 4 6 11 15 28 29 30 67 68 69
0.11 1100 1 4 7 12 17 31 32 33 74 75 76
0.12 1200 2 4 8 13 19 34 35 36 81 82 83
0.13 1300 2 5 9 14 20 37 38 39 88 8¢ 90
0.14 1400 2 5 9 15 22 40 41 42 95 96 97
0.15 1500 2 6 10 16 23 43 44 45 104 103 1
0.16 1600 2 6 11 17 25 46 47 48 108 110 11
0.17 1700 2 6 11 18 26 49 50 51 11b 116 11
0.18 1800 3 7 12 20 28 52 53 54 12p 123 12
0.19 1900 3 7 13 21 30 55 56 57| 128 130 13
0.20 2000 3 8 13 22 31 57 59 60| 13b 137 1
0.21 2100 3 8 14 23 33 60 62 63 14p 144 14
0.22 2200 3 9 15 24 34 63 65 66 149 1591 11
0.23 2300 3 9 15 25 36 66 67 69 156 158 16
0.24 2400 4 9 16 26 38 69 70 72 16p 165 14
0.25 2500 4 10 17 27 39 72 73 75 16p 172 17
0.26 2600 4 10 18 28 41 75 76 78 17p 178 1
0.27 2700 4 11 18 30 42 78 79 81 183 145 18
0.28 2800 4 11 19 31 44 81 82 84 19D 192 19
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LLS LLS Nominal Diameter, mm
Density| Density
percnt | pernf | 2in. 3in. | 100 mm125 mm 150 mm 200 mm 300 mm

EE=2 mm|EE=2 mmEE=3 mnEE=3 mmEE=4 mnmEE=4 mn|EE=3 mn|EE=2 mmEE=3 mnEE=2 mmEE=1 mm
0.29 2900 4 11 20 32 45 83 85 87 196 199 2
0.30 3000 5 12 20 33 47 86 88 90 208 206 2
0.31 3100 5 12 21 34 49 89 91 93 21p 213 21
0.32 3200 5 13 22 35 50 92 94 96 21y 220 22
0.33 3300 5 13 22 36 52 95 97 99 224 227 28
0.34 3400 5 13 23 37 53 98 10( 10p 230 233 28
0.35 3500 6 14 24 38 55 101 101 10p 237 240 24
0.36 3600 6 14 24 40 57 104 106 108 244 247 26
0.37 3700 6 15 25 41 58 107 109 111 251 21 2b
0.38 3800 6 15 26 42 60 110 112 114 257 261 2b
0.39 3900 6 15 27 43 61 112 111 11y 264 268 2F
0.40 4000 6 16 27 44 63 115 118 12p 27 2715 2
0.41 4100 7 16 28 45 64 118 121 128 278 282 2B
0.42 4200 7 17 29 46 66 121 124 12p 285 289 2D
0.43 4300 7 17 29 a7 68 124 127 12p 291 295 2D
0.44 4400 7 18 30 48 69 127 13 13p 298 302 3p
0.45 4500 7 18 31 50 71 130 133 13pb 305 3(*)9 3L
0.46 4600 7 18 31 51 72 133 134 138 312 316 3p
0.47 4700 8 19 32 52 74 134 134 141 319 323 3p
0.48 4800 8 19 33 53 76 139 141 144 325 330 3B
0.49 4900 8 20 34 54 77 141 144 14y 332 337 3¢
0.50 5000 8 20 34 55 79 144 147 15p 339 344 3h

This is a Draft Document of the SEMI International Standards program. No material on this page is to be construed as an official or adopted Standard or Safety Guideline.
Permission is granted to reproduce and/or distribute this document, in whole or in part, only within the scope of SEMI International Standards committee (document development)
activity. All other reproduction and/or distribution without the prior written consent of SEMI is prohibited.

Page 17

Doc. 5989 © SEMI®

LETTER BALLOT



Semiconductor Equipment and Materials International
3081 Zanker Road

San Jose, CA 95134-2127

Phone: 408.943.6900, Fax: 408.943.7943

DRAFT
Document Number: 598 9
Date: 4/13/2016

/»semr

RELATED INFORMATION 2
GUIDES FOR SPECIFICATION OF EPITAXIAL WAFERS FOR IC
APPLICATIONS

NOTICE: This Related Information is not an official paftSEMI M62 and was derived from the work of thelgib
Silicon Wafer Technical Committee. This Relatedomfiation was approved for publication by full lettzallot
procedures on January 2, 2009.

Table R2-2 Guide for Specification of 1.0 um, 0.35 um, and 0.25 pm Design Rule Epitaxial Wafers

Previous SEMI Reference: SEMI M11, SEMI M11, SEMI M11, SEMI M11,
' Table 3 Table 4 Table 5 Tables 6 and 8
Design Rule: 1.0 um 0.35 um 0.35 um 0.25 um
Epitaxial Wafer Category: 11.3 114 11.5 11.6
Technology Twin-Tub CMOS Twin-Tub CMQS DRAM Twin-TMOS
2. SUBSTRATE CHARACTERISTICS
2-1.1 | Growth Method Supplier option of Cz or MCz
2-1.3 | Crystal Orientation (100)
2-1.4 | Conductivity Type p*
2-1.5 | Dopant Boron
2-1.8 | Wafer Surface Orientation Off-orientation0t60.4°
2-2.1 | Resistivity, Center poffit 0.005-0.020Q-cm | 0.005-0.010Q-cm | 0.005-0.010Q-cm | 0.005-0.010Q-cm
or or
0.005-0.020Q-cm| 0.005-0.020Q-cm
2-3.1 | Oxygen Concentratitsh <1.5 x 108 cn72 (<30 ppma), old ASTM
2-4.8 | Bulk Micro Defects (BMD) Not specified Custerrspecified
2-5.1 | Wafer ID Marking A/N, SEMI M13 SEMI M12,
SEMI M13 or
SEMIT1
2-5.3 | Denuded Zone Not specified Customer specified
2-5.4 | Extrinsic gettering Customer speciffed
2-55 | Backsedt* Required for 0.005-0.01Q-cm; Customer specified for 0.085020Q-cm
2-6.1 | Nominal Diametét 150 mm, 200 mm, or 300 mm 200 mm only| 150 mm or
200 mm
2-6.3 | Flat, notch Per SEMI M1, depending on category|of Notch only Customer specifigd
wafer substrate
2-6.8 | Total Thickness Variation Not specified <5um, GBIR
2-6.10 | Warp Not specified Customer specified Not specified
2-6.12 | Global Flatness Not specified <3 um, GFLR Not specified
2-6.13 | Site Flatness <0.35um SFQD | <0.25 um SFQR
22mm x 22 mm| 22 mm x 22 mm
sites sites
95% Usable Area] Negotiated %UA
No partial sites | Include partial sites
2-10.1 | Inspection Sheét Certificate Required in a standard form
to be determined
2-10.2 | SQC Data Shéét SQC Required in a standard format tg
determined
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Previous SEMI Reference: SEMI M11, SEMI M11, SEMI M11, SEMI M11,
Table 3 Table 4 Table 5 Tables 6 and 8
Design Rule: 1.0 um 0.35 um 0.35 um 0.25 um
Epitaxial Wafer Category: 11.3 114 11.5 11.6
Technology Twin-Tub CMOS Twin-Tub CMQAS DRAM Twin-TMOS
3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS
3-1.1 | Conductivity Type/Structure p/p*
3-1.2 | Layer Dopant Boron
3-1.3 | Silicon Source Gas Fixed by agreement Natifipe Fixed by agreement
3-1.4 | Layer Growth Method Fixed by agreement Netifed Fixed by agreemep
3-1.5 |Layer Net Carrier Density, 200+1.0x1® | 2.00+0.5 x 1& Target>1.34 x 165 carriers/cr
center poirft carriers/cri carriers/cr Tolerance +25% @) of Target
3-1.6 | Net Carrier Density Variation 10% max per &ipn 4 +20% per 10% max per
Equation 4 Equation 4
3-1.7 | Layer Thickness, center point Target ilO"/{) Target 5% (&) | <5 um 5% (b) | 2-5 pm + 5% (i)
3-1.8 | Layer Thickness Variation 10% max per Equefio
3-1.9 | Transition Width | | Customer specifi|ed
3-1.11 | Phantom Layer None
3-2. POST-EPI DIMENSIONAL CHARACTERISTICS
3-2.6 | Flatness, Site <0.5 um SFQD | <0.23 um SFQD <0.25 pm SFQR
18 mm x 18 mm| 22 mm x 22 mm 22 mm x 22 mm
sites sites sites
95% Usable Area] 95% Usable Area Negotiated %UA
Include partial sitesInclude partial sites Include partial sites
No offset No offset No offset
3-3. POST-EPI FRONT SURFACE CHEMISTRY
3-3.1.1| Sodium <2 x 101 cnr? <1 x10G1cnt? <5 x 130%cnr?
3-3.1.2| Aluminum <1 x 102 cnr? <1 x 10 cnr?
3-3.1.3| Potassium <2 x 10* cnr? <1 x 10*cnr? <5 x 10°cnr?
3-3.1.4| Chromium <2 x 101 cnr? <1 x 10" cnr? <5 x 10°cnt?
3-3.1.5] Iron <2 x 101 cnr? <1 x 10" cnr? <5 x 10°cnt?
3-3.1.6| Nickel <1 x 10?cnr? <1 x 10" cnr? <5 x 10°cnr?
3-3.1.7| Copper <2 x 10 cnr? <1 x 10" cnr? <5 x 10°cnt?
3-3.1.8| Zinc <1 x 102 cnr? <1 x 10 cnr?
3-3.1.9] Calcium Not specified <5 x 10°cn1?
3-3.2.1| Cobalt Not specified <5 x 10°cnr?
3-3.2.2| Manganese Not specified <5 x 10°cn1?
3-3.2.3| Molybdenum Not specified <5 x 10°cn1?
3-3.2.4| Titanium Not specified <5 x 10°cn1?
3-3.2.5( Vanadium Not specified <1 x 10 cnr?
3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS
3-4.1 | Stacking Faults <1cnr? | <0.1 cnt? <0.03 cm®
3-4.2,3| Slip/Dislocations None Total length None
<diameter/2
3-4.4 | Large LLS, Size20 um LSE |
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Previous SEMI Reference: SEMI M11, SEMI M11, SEMI M11, SEMI M11,
Table 3 Table 4 Table 5 Tables 6 and 8
Design Rule: 1.0 um 0.35 um 0.35 um 0.25 um
Epitaxial Wafer Category: 11.3 114 11.5 11.6
Technology Twin-Tub CMOS Twin-Tub CMQAS DRAM Twin-TMOS
3-4.5 |Localized Light Scatterers <0.2 cn? at <0.2 cn? at <0.2 cn? at <0.36 cm? at
(LLS)#6:#7 <0.5 um LSE <0.2 um LSE <0.16 umLSE | <0.16 umLSE
3-4.6 | Haze None None
3-4.7,8| Scratches — Macro and Micro None None
3-4.9 | Edge Chips and Indents None
3-4.10 | Foreign Matter None None
3-4.11 | Dimples None None
3-4.12 | Orange Peel None None
3-4.16 | Cracks, Crow's Feet None None
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS
3-5.1 | Contamination None

2000A polysilicon.

#1If a choice is listed, selection must be made.
#2 Oxygen concentration per in-process monitoring only

#3 Backseal may be none or polysilicon, silicon diexidr silicon nitride (or a combination, as reqd)revith thickness as specified by custom
For category 11.5 epitaxial wafers, only none lican dioxide is permitted. For category 11.6 epaawafers, the choices are as follows: silic
oxide: 5000 + 100@, polysilicon: 10,000 + 2008, back surface damage, none, combination of 3000Q0A silicon oxide on top of 8000

0.36 per crii= 0.60 per ci(0.16 pm /0.125 praye.

#4 These properties are not included in Part 2 ofSitieon Wafer Specification Format for Order Entry.
#5 Measurement by mercury probe (SEMI MF1392 or DINZH).
#6 Based on calibration of SSIS with PSL spheres (SEE3), 90% capture rate.

#7 The requirement for epitaxial wafers of category6li mathematically consistent with the SIA Roagmalue of 0.6 per chimaximum for
LLSs>0.12 um LSE. The SIA Roadmap value was transforaséty draft international standard ISO/DIS 1464d#ich follows the equation:

Table R2-3 Guide for the Specification of 0.18 pm

Design Rule Epitaxial Wafers

Previous SEMI Reference: SEMI M11, Table 7
Wafer Category: 11.7.1 11.7.2 11.7.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p™* (for Logic)

2. SUBSTRATE CHARACTERISTICS
2-1.1 Growth Method Supplier option of Cz or MCz
2-1.3 Crystal Orientation (100) #1°
2-1.4 Conductivity Type p
2-1.5 Dopant Boron
2-1.8 Wafer Surface Orientation Off-orientation“0t60.4°
2-1.6 Nominal Edge Exclusion 3 mm
2-2.1 Resistivity, Center point 0.8-15Q- cnit | 0.01-0.0X-cm 0.005-0.01@-cm
2-2.2 Radial Resistivity Variation <20%
2-3.1 Oxygen Concentration As agreed between supplier and customer

Within shipment variation, Old +1.5 ppma +2.0 ppnfa

ASTM
2-3.2 Radial Oxygen Variation <10%
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Previous SEMI Reference:

SEMI M11, Table 7

Wafer Category: 11.7.1 11.7.2 11.7.3

Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p™* (for Logic)
2-3.3 Carbon Concentration <0.5 ppma Not specifi¢d
2-4.7 Oxidation Induced Stacking Faults As agreetivben supplier and customer
251 Wafer ID Markingf Per substrate category 1.9.1, 1.9.2, or 1.15
2-5.3 Denuded Zone As agreed between supplier and customer
2-5.4 Extrinsic Gettering As agreed between suppliel customer
2-55 Backseal None As agreed between suppliecastmer
2-5.7 Edge Surface Condition Polished
2-6. Wafer Dimensional Characteristits Per substrate category 1.9.1, 1.9.2, or 1.15 exaeepbted below:
2-6.8 Total Thickness Variation (GBIR) <3um
2-6.9 Bow Not specified
2-6.10 Warfi* <50 um for wafers without backseal,00 pum for wafers with backseal
2-9.8 Back Surface Brightness (GldSs) >80% (for wafers without backseal only)

3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS

3-1.1 Conductivity Type/Structure plp~ | p/p* | p/p**
3-1.2 Layer Dopant Boron
3-15 Layer Net Carrier Density Range As agreed/ben supplier and customer
3-1.6 Net Carrier Density Variation +5% per Equation 4 +10% for wafers without backseal,
+5% for wafers with backseal, both per Equatign
3-1.7 Layer Thickness, center point Target: As editieetween supplier and customer; Tolerance +5%
3-1.8 Thickness Variation within wafer +10% per Equation 2
3-1.9 Transition Width As agreed between supplietr @ustomer
3-1.10 Flat Zone As agreed between supplier and customer

3-2. POST-EPI DIMENSIONAL CHARACTERISTICS

3-2.6

Flatness, Site

<0.18 um, SFSR, 25 mm x 32 mm sites, Include pasities, No offset

3-3. POST-EPI FRONT SURFACE CHEMISTRY

3-3.1.1 | Sodium <1.3 x 106%cnr?
3-3.1.2 | Aluminum <1 x 1@ cnr?
3-3.1.3 | Potassium <1.3 x 16°cnr?
3-3.1.4 | Chromium <1.3 x 16°cnr?
3-3.1.5 | Iron <1.3 x 16%°cn1?
3-3.1.6 | Nickel <1.3 x 16%°cn1?
3-3.1.7 | Copper <1.3 x 16%cnt?
3-3.1.8 | Zinc <1 x 10" cnr?
3-3.1.9 | Calcium <1.3 x 106%cnr?

3-4. POST-EPI FRONT SURFACE INSPECTI

ON CHARACTERISTICS

3-4.1 Stacking Faults <2 per wafer
3-4.2,3 | Slip/Dislocatiori§ None
3-45 Localized Light Scatterers (LL*S) <60 per wafer at0.09 um PSL
or <33per wafer at0.12 pm PSL (300 mm);
<26 per wafer at0.09 pm PSL
or <14 per wafer at0.12 pm PSL (200 mm)
3-4.6 Haze None
3-4.7 Scratches — Macro None
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Previous SEMI Reference: SEMI M11, Table 7
Wafer Category: 11.7.1 11.7.2 11.7.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/pt* (for Logic)

3-4.8 Scratches — Micro <10 mm total length

3-4.9 Edge Chips and Indents None

3-4.10 Foreign Matter None

3-4.11 Dimples None

3-4.12 Orange Peel None

3-4.16 Cracks, Crow’s Feet None

3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS

3-5.1 Contamination None

3-5.2 Scratches — Macro None

3-5.3 Scratches — Micro <25 mm total length

3-54 Localized Light Scatterers (LL*8) Not specified

3-55 Edge Chips None

#1 Resistivity of substrate shall be chosen to magsiistivity of epitaxial layer.

#2 Practical nondestructive metrology did not exighattime this document was approved.
#3If a choice is listed, selection must be made.

#4 Only process control data required.

#5 Double-side polish preferred on both 200 mm andr@@0wafers.

#6 An etch depth <100 nm is acceptable when testirg@ordance with SEMI MF1726.

#7 These values are mathematically consistent. THgen®count limit was transformed using 1ISO 146444iich follows the equation: 34 coun
per wafer = 60 counts per wafer / (0.12 um/0.09%%nThese counts are approximately equivalent to 6cddits/crhat 0.09 um LSE and 0.0
counts/crihat 0.12 um LSE.

#8 Process control capability is expected tod#00 at>0.25 um LSE.

Table R2-4 Guide for the Specification of 130 nm D  esign Rule Epitaxial Wafers

Previous SEMI Reference: SEMI M11, Table 9
Wafer Category: 1191 11.9.2 1193
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
2. SUBSTRATE CHARACTERISTICS
2-1.1 Growth Method Supplier option of Cz or MCz
2-1.3 Crystal Orientation (100) £ 1°
2-1.4 Conductivity Type p
2-15 Dopant Boron
2-1.8 Wafer Surface Orientation Off-orientation“0t60.4°
2-1.6 Nominal Edge Exclusion 3 mm
221 | Resistivity, Center point 08-15Q-cn' |  0.01-00X-cm |  0.005-0.01@-cm
2-2.2 Radial Resistivity Variation <20%
2-3.1 Oxygen Concentration As agreed between supplier and customer
Tolerance, Old ASTM +2.0 ppma | +2.0 ppiha
2-3.2 Radial Oxygen Variation <10%
2-3.3 Carbon Concentration <0.5 ppma | <0.5 ppm#&
2-4.7 Oxidation Induced Stacking Faults Not spedifi
2-4.8 Oxide Precipitates, BMD As agreed betweempkeipand customer
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Previous SEMI Reference:

SEMI M11, Table 9

Wafer Category: 119.1 11.9.2 11.9.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
2-4.9 Intersitital Oxygen Reductiom\[Oi]) As agreed between supplier and customer
2-5.1 Wafer ID Markin®® Per substrate category 1.9.1, 1.9.2, or 1.15
2-53 Denuded Zone As agreed between supplier and customer
2-5.4 Extrinsic Gettering As agreed between suppliel customer
2-55 Backseal None As agreed between suppliecasiwmer
2-5.6 Annealing As agreed between supplier and customer
2-5.7 Edge Surface Condition Polished
2-6. Wafer Dimensional Characteristits Per substrate category 1.9.1, 1.9.2, or 1.15 exaeepbted below:
2-6.9 Bow Not specified
2-6.10 Warf* <50 um for wafers without backseal,00 pum for wafers with backseal
2-9.8 Back Surface Brightness (Gld8s) >80% (for wafers without backseal only)
3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS
3-1.1 Conductivity Type/Structure plp~ | p/p* | p/ptt
3-1.2 Layer Dopant Boron
3-15 Layer Net Carrier Density Range As agreed/ben supplier and customer
3-1.6 Net Carrier Density Variation Net carrier density must be within range at alihg®in the FQA
3-1.7 Layer Thickness, center point Target: As egigetween supplier and customer; Tolerance 5%
3-1.8 Layer Thickness Variation +10% per Equation 2
3-1.9 Transition Width As agreed between supplet @ustomer
3-1.10 Flat Zone As agreed between supplier and customer

3-2. POST-EPI DIMENSIONAL CHARACTERISTICS

3-2.6

Flatness, Site

<0.13 pm, SFSR, 25 mm x 32 mm sites, Include pasities, No offset

3-3. POST-EPI FRONT SURFACE CHEMISTRY

3-3.1.1 | Sodium <1.3 x 16°cnr?

3-3.1.2 | Aluminum <1 x 10 cnr?

3-3.1.3 | Potassium <1.3 x 106%cn1?

3-3.1.4 | Chromium <1.3 x 16°cnr?

3-3.1.5 |Iron <1.3 x 16°cnr?

3-3.1.6 | Nickel <1.3 x 16°cnr?

3-3.1.7 | Copper <1.3 x 106%cn1?

3-3.1.8 | Zinc <1 x 10 cnr?

3-3.1.9 | Calcium <1.3 x 16°cnr?

3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS

3-4.1 Stacking Faults <0.12 cm?

3-4.2,3 | Slip/Dislocatiort§ None

3-4.4 Large Localized Light Scatterers <0.006%at least one side >1 pm)

3-45 Localized Light Scatterers (LL*S) <200 per wafer at0.09 um PSL or
<112 per wafer at0.12 pm PSL (300 mm¥%87 per wafer at0.09 pm PSL

or <48 per wafer a¢0.12 um PSL (200 mm)

3-4.6 Haze None

3-4.7 Scratches — Macro None

3-4.8 Scratches — Micro <10 mm total length
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Previous SEMI Reference:

SEMI M11, Table 9

Wafer Category: 119.1 11.9.2 11.9.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p*t* (for Logic)
3-4.9 Edge Chips and Indents None
3-4.10 Foreign Matter None
3-4.11 Dimples None
3-4.12 Orange Peel None
3-4.16 Cracks, Crow’s Feet None
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS
3-5.1 Contamination None
3-5.2 Scratches — Macro None
3-5.3 Scratches — Micro Cumulative lengttD% of wafer diameter
3-54 Localized Light Scatterers (LL*8) Not specified
3-55 Edge Chips None

#31f a choice is listed, selection must be made.
#4 Only process control data required.

counts/crat 0.12 um LSE.

Table R2-5 Guide for the Specification of 90 nm De

#1 Resistivity of substrate shall be chosen to mageiistivity of epitaxial layer.
#2 Practical non-destructive metrology did not extghe time this document was approved.

#5 Double-side polish preferred on both 200 mm andr@@0wafers.
#6 An etch depth <100 nm is acceptable when testirmgaordance with SEMI MF1726.

#7 These values are mathematically consistent. THgen®count limit was transformed using 1ISO 146444iich follows the equation: 34 coun
per wafer = 60 counts per wafer / (0.12 um/0.09%%nThese counts are approximately equivalent to 6cddits/criat 0.09 pum LSE and 0.0

#8 Process control capability is expected to4#00 @>0.25 um LSE.

sign Rule Epitaxial Wafers with DSP Substrates

Previous SEMI Reference: SEMI M11, Table 10
Epitaxial Wafer Category: 11.10.1 11.10.2 11.10.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
2. SUBSTRATE CHARACTERISTICS
2-1.1 Growth Method Supplier option of Cz or MCz
2-1.3 Crystal Orientation (100) £ 1°
2-1.4 Conductivity Type p
2-1.5 Dopant Boron
2-1.8 Wafer Surface Orientation Off-orientation“0t60.4°
2-1.6 Nominal Edge Exclusiéh 3 mm (200 mm wafers), 2 mm (300 mm wafers)
2-2.1 Resistivity, Center point 0.8-15Q- cni? ‘ 0.01-0.0X:-cm 0.005-0.01@-cm
2-2.2 Radial Resistivity Variatida <20%
2-3.1 Oxygen Concentration, Ceriter As agreed between supplier and customer
Tolerance, Old ASTM As agreed between supplierarsiomer
2-3.2 Radial Oxygen Variatidh As agreed between supplier and customer
2-3.3 Carbon Concentration, <0.5 ppma
Background® #
2-4.1 Dislocation Etch Pit Density As agreed betwseapplier and customer
2-4.2 Slip As agreed between supplier and customer
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Previous SEMI Reference: SEMI M11, Table 10
Epitaxial Wafer Category: 11.10.1 11.10.2 11.10.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
2-4.3 Lineage As agreed between supplier and customer
2-4.4 Twin Boundary As agreed between supplier and customer
2-45 Swirl As agreed between supplier and customer
2-4.6 Shallow Pits As agreed between supplier and customer
2-4.7 Oxidation Induced Stacking Faults As agreetvben supplier and customer
2-4.8 Oxide Precipitates, BMD As agreed betweempbkeipand customer
2-4.9 Intersitital Oxygen Reductiod\[Oi]) As agreed between supplier and customer
251 Wafer ID Markintf Per substrate category 1.9.1 or 1.9.2 (200 mn),1& (300 mm)
2-53 Denuded Zone As agreed between supplier and customer
2-5.4 Extrinsic Gettering As agreed between suppliel customer
255 Backseal As agreed between supplier and customer
2-5.6 Annealing As agreed between supplier and customer
2-5.7 Edge Surface Condition Polished
2-6. Wafer Dimensional Characteristits Per substrate category 1.9.1 or 1.9.2 (200 mm),
or 1.15 (300 mm) except as noted below:
2-6.8 Total Thickness Variation, GBIR <3um
2-6.9 Bow Not specified
2-6.10 Warf3® <50 um for wafers without backseal,00 pum for wafers with backseal
2-9.8 Back Surface Brightness (Gldgs) >80% (for wafers without backseal only)
3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS
3-1.1 Conductivity Type/Structure plp~ | p/p* | p/ptt
3-1.2 Layer Dopant Boron
3-1.3 Silicon Source Gas As agreed between suppligicustomer
3-1.4 Layer Growth Method As agreed between supalie customer
3-15 Layer Net Carrier Density Range As agreed/ben supplier and customer
3-1.6 Net Carrier Density Variation Net carrier density must be within range at allhg®in the FQA
3-1.7 Layer Thickness, center point Target: As edigetween supplier and customer; Tolerance: £5%
3-1.8 Layer Thickness Variation +10% per Equation 2
3-1.9 Transition Width As agreed between supplietr @ustomer
3-1.10 Flat Zone As agreed between supplier and customer
3-2. POST-EPI DIMENSIONAL CHARACTERISTICS
3-2.1 Bow As agreed between supplier and customer
3-2.2 Warfi® <50 um
3-2.3 Sori As agreed between supplier and customer
3-24 Total Thickness Variation, GBIR <4 um
3-2.5 Flatness, Global, GFLR <3um
3-2.6 Flatness, Site, SF&R <90 nm, 26 mm x 8 mm sites95% usable area, partial sites included
no offset OR 100% usable area, full sites onlyofiset
3-2.7 Nanotopography As agreed between supplier and customer for
both 2 mm and 10 mm diameter analysis areas
3-2.8 Misfit Dislocations As agreed between supmied customer
3-3. POST-EPI FRONT SURFACE CHEMISTRY
3-3.1.1 | Sodium <1 x1@%cnr?
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Previous SEMI Reference:

SEMI M11, Table 10

Epitaxial Wafer Category:

11.101 11.10.2

11.10.3

Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p*t* (for Logic)
3-3.1.2 | Aluminum <1 x10%cnr?
3-3.1.3 | Potassium <1 x1@%cnr?
3-3.1.4 | Chromium <1 x1@%cnr?
3-3.1.5 |Iron <1 x10%cnr?
3-3.1.6 | Nickel <1 x10%cnr?
3-3.1.7 | Copper <1 x 10°cnr?
3-3.1.8 | Zinc <1 x1@%cnr?
3-3.1.9 | Calcium <1 x1@%cnr?
3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS
3-4.2 Slig® None
3-4.3 Dislocations None
3-4.5 Localized Light Scatterers (LLS), <238 at>90 nm PSL<10 at>300 nm PSLL5 at>2 pm (300 mm);
count per wafét® <102 at>90 nm PSL<4 at>300 nm PSL<2 at 2 pm PSL (200 mm)
3-4.6 Haze None
3-4.7 Scratches — Macro None
3-4.8 Scratches — Micro None
3-4.9 Edge Chips and Indents None
3-4.10 Foreign Matter None
3-4.11 Dimples None
3-4.12 | Orange Peel None
3-4.13 Contamination/Area None
3-4.14 Edge Cracks None
3-4.15 Edge Crown None
3-4.16 Cracks, Crow's Feet None
3-4.18 Saw Marks None
3-4.19 Dopant Striation Rings None
3-4.20 Stains None
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS
3-5.1 Contamination None
3-5.2 Scratches — Macro None
3-5.3 Scratches — Micro Cumulative lengttD% of wafer diameter
3-5.4 Localized Light Scatterers (LLS) Not specified
3-55 Edge Chips None
3-5.6 Cracks, Crow's Feet None
3-5.7 Saw Marks None
3-5.8 Stains None

#1 Unless otherwise agreed upon for a specific charatt or test method.
#2 Resistivity of substrate shall be chosen to magsiistivity of epitaxial layer.
#3 Only process control data is required. Data natired on Certificate of Compliance.

#4 Oxygen level in itself should not be specified kather is only a control parameter that may givénaitation of the amount of precipitatiol
that will occur after some thermal process thateates and grows Bulk Micro-defects generated etipitates. Addition of nitrogen or carbo
(above the background level) to the crystal caraeod the growth of these precipitates. Measurenoéiotsygen level on lightly doped substrat
should be made by SEMI MF1188, JEIDA 61, or DIN 384. Measurements of oxygen level on heavily dapdistrates should be made
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SEMI MF1366 or Gas Fusion Analysis, as agreed bervgeipplier and customer. Practical nondestruntiggology for oxygen measurements
heavily doped substrates did not exist at the thiedocument was approved.

#5 Test in accordance with SEMI MF951, Plan A1, A2A8r, as agreed between supplier and customer.
#6If a choice is listed, selection must be made.
#7 This specification implies a polished back surface.

#8 Only process control data is required. Data natired on Certificate of Compliance. A larger waglue may be appropriate if an oxide lay
is deposited on the back of the substrate.

#9 An etch depth <100 nm is acceptable when testirec@ordance with SEMI MF1726. The metrology usedsfip determination is a majo
factor in determining the presence or absenceamfisés. X-ray Topography is much more sensithant the etching and microscopic inspecti
method given in SEMI MF1726, but no standard testhwd currently exists. X-ray topography can deséptthat may not penetrate to the n
surface region where the device is fabricated. &J®SIS equipment set at les30 nm can also reveal slip lines on epitaxial wafart again no
standard test method currently exists. Surfaceloegs may interfere with SSIS measurements. Howenttr the thermal cycles employed i
90 nm technology thermal processes, slip propagatiould not be a problem.

#10The 90 nm count, 238, is from the 2003 ITRS 90 mehen This count may be transformed to a countathan size using ISO 14644-1, whic]
uses the equation: count per wafex am = (count per wafer gtnm) x ( nmik nmy-%, For example converting from a 90 nm minimum s$iza
65 nm minimum size yields a new count of 456. Taents for 90 nm and 200 nm LSE sizes may includekstg faults of different scatterin
intensities and other structural epitaxial defé¢icé are not correctly sized by current generg@iSiSs.

Table R2-6 Guide for the Specification of 65 nm De  sign Rule Epitaxial Wafers with DSP Substrates

LETTER BALLOT

Previous SEMI Reference: None
Epitaxial Wafer Category: 11.111 11.11.2 11.11.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
2. SUBSTRATE CHARACTERISTICS
2-1.1 Growth Method Supplier option of Cz or MCz
2-1.2 Use of Refined Polysilicon Permitted
2-1.4 Conductivity Type p
2-15 Dopant Boron
2-1.6 Nominal Edge Exclusiéh 3 mm (200 mm wafers), 2 mm (300 mm wafers)
2-1.8 Wafer Surface Orientation {100} off orientati (0.6° + 0.4°)
2-2.1 Resistivity, Center point 0.8-15Q- cni? 0.01-0.0X-cm ‘ 0.005-0.01@-cm
2-2.2 Radial Resistivity Variatidf <20%
2-3.1 Oxygen Concentration, Ceriter As agreed between supplier and customer
Tolerance As agreed between supplier and customer
2-3.2 Radial Oxygen Variatidh As agreed between supplier and customer
2-3.3 Carbon Concentration, <0.5 ppma
Background® #4
251 Wafer ID Markingf Per substrate category 1.9.1 or 1.9.2 (200 mn),1& (300 mm)
253 Denuded Zone As agreed between supplier and customer
2-54 Extrinsic Gettering As agreed between suppliel customer
2-55 Backseal As agreed between supplier and customer
2-5.6 Annealing As agreed between supplier and customer
2-5.7 Edge Surface Condition Polished
2-5.8 Back Surface Condition Polished
2-6. Wafer Dimensional Characteristits Per substrate category 1.9.1 or 1.9.2 (200 mm),
or 1.15 (300 mm) except as noted below:
2-6.1 Diameter 300 +0.20 mm or 200 £ 0.20 mm
2-6.2 Fiducial Dimensions In accordance with requirement of wafer categotyp 1.
(see SEMI M1, figure 5)
2-6.3 Primary Flat/Notch Orientation <110> + 1°
2-6.7 Thickness 775 £ 20 um (300 mm) or 725 + 20 um (200 mm)
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Previous SEMI Reference: None
Epitaxial Wafer Category: 11.111 11.11.2 11.11.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p*t* (for Logic)
3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS
3-1.1 Conductivity Type/Structure plp~ | p/p* | p/pt*
3-1.2 Layer Dopant Boron
3-1.3 Silicon Source Gas As agreed between suppligicustomer
3-14 Layer Growth Method As agreed between supaplid customer
3-15 Layer Net Carrier Density Range As agreed/ben supplier and customer
3-1.6 Net Carrier Density Variation Net carrier density must be within range at alihg®in the FQA
3-1.7 Layer Thickness, center point Target: As ediigetween supplier and customer; Tolerance: £5%
3-1.8 Layer Thickness Variation +10% per Equation 2
3-1.9 Transition Width As agreed between supplet @ustomer
3-1.10 Flat Zone As agreed between supplier and customer
3-2. POST-EPI DIMENSIONAL CHARACTERISTICS
3-2.1 Bow As agreed between supplier and customer
3-2.2 Warf’ <50 pm
3-2.3 Sori As agreed between supplier and customer
3-24 Total Thickness Variation, GBIR <4 um
3-2.5 Flatness, Global, GFLR <3um
3-2.6 Flatness, Site, SF&R <65 nm, 26 mm x 8 mm sites95% usable area, partial sites included, n
offset OR 100% usable area, full sites only, neeiff
3-2.7 Nanotopography As agreed between supplier and customer
for both 2 mm and 10 mm diameter analysis areas
3-2.9 Flatness, Site, SBIR As agreed between serpgutid customer
3-2.10 Edge Profile As agreed between supplier and customer
3-3. POST-EPI FRONT SURFACE CHEMISTRY
3-3.1.1 | Sodium <1 x 10°cn1?
3-3.1.2 | Aluminum <1 x 10°cn1?
3-3.1.3 | Potassium <1 x1@%cnr?
3-3.1.4 | Chromium <1 x1@%cnr?
3-3.1.5 | Iron <1 x 10%cn1?
3-3.1.6 | Nickel <1 x 10%cn1?
3-3.1.7 | Copper <1 x 10°%cn1?
3-3.1.8 | Zinc <1 x 10°cnt?
3-3.1.9 | Calcium <1 x 10°cn1?
3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS
3-4.2 Slig® None
3-4.3 Dislocations None
3-45 Localized Light Scatterers (LLS), <123 at>90 nm PSL<10 at>300 nm PSL
count per wafé? <53 at>90 nm PSL<4 at>300 nm PSL
3-4.6 Haze None
3-4.7 Scratches — Macro None
3-4.8 Scratches — Micro As agreed between supafidrcustomer
3-4.9 Edge Chips and Indents None
3-4.10 Foreign Matter None
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Previous SEMI Reference:

None

Epitaxial Wafer Category:

11111

11.11.2

11.11.3

Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
3-4.11 Dimples None
3-4.12 | Orange Peel None
3-4.13 Contamination/Area None
3-4.14 Edge Cracks None
3-4.15 Edge Crown None
3-4.16 Cracks, Crow’s Feet None
3-4.18 Saw Marks None
3-4.19 Dopant Striation Rings None
3-4.20 Stains None
3-4.21 Misfits As agreed between supplier and customer
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS
3-5.1 Contamination None
3-5.2 Scratches — Macro None
3-5.3 Scratches — Micro Cumulative length0% of wafer diameter
3-5.4 Localized Light Scatterers (LLS) Not specified
3-55 Edge Chips None
3-5.6 Cracks, Crow’s Feet None
3-5.7 Saw Marks None
3-5.8 Stains None

#1 Unless otherwise agreed upon for a specific charatit or test method.
#2 Resistivity of substrate shall be chosen to magsiistivity of epitaxial layer.
#3 Only process control data is required. Data natired on Certificate of Compliance.

#4 Oxygen level in itself should not be specified kather is only a control parameter that may givénalication of the amount of precipitatio
that will occur after some thermal process thateates and grows Bulk Micro-defects generated etipitates. Addition of nitrogen or carbo

(above the background level) to the crystal cararob the growth of these precipitates. Measurenoéiatsygen level on lightly doped substrat
should be made by SEMI MF1188, JEIDA 61, or DIN 384.. Measurements of oxygen level on heavily dopdistrates should be made
SEMI MF1366 or Gas Fusion Analysis, as agreed betveeipplier and customer. Practical nondestruntizgology for oxygen measurements
heavily doped substrates did not exist at the thiedocument was approved.

#5Test in accordance with SEMI MF951, Plan Al, A2A8: as agreed between supplier and customer.
#6 If a choice is listed, selection must be made.
#7 A larger warp value may be appropriate if an oxaer is deposited on the back of the substrate.

method given in SEMI MF1726, but no standard testhwd currently exists. X-ray topography can detéptthat may not penetrate to the n

standard test method currently exists. Surfacemoegs may interfere with SSIS measurements. Howenterthe thermal cycles employed in
nm technology thermal processes, slip propagationld not be a problem.

uses the equation: count per wafex atm = (count per wafer gtnm) x { nmix nmy%. The counts for 90 nm and 300 nm LSE sizes mayidiec
stacking faults of different scattering intensitie®l other structural epitaxial defects that atecoorectly sized by current generation SSISs.

Table R2-7 Guide for the Specification of 45 nm De  sign Rule Epitaxial Wafers with DSP Substrates

Previous SEMI Reference: None
Epitaxial Wafer Category: 11.121 11.12.2 11.12.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
2. SUBSTRATE CHARACTERISTICS
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#8 An etch depth <100 nm is acceptable when testirapaordance with SEMI MF1726. The metrology usedsfip determination is a majo
factor in determining the presence or absenceamfisés. X-ray Topography is much more sensithantthe etching and microscopic inspecti

surface region where the device is fabricated. &§®SIS equipment set at les30 nm can also reveal slip lines on epitaxial wafart again no

#9The 90 nm count, 123, is from the 2005 ITRS 65 mahen This count may be transformed to a count athan size using ISO 14644-1, whic]

LETTER BALLOT



Semiconductor Equipment and Materials International DRAFT
3081 Zanker Road "
San Jose, CA 95134-2127 6 semli Document Number: 598 9
Phone: 408.943.6900, Fax: 408.943.7943 Date: 4/13/2016
Previous SEMI Reference: None
Epitaxial Wafer Category: 11.121 11.12.2 11.12.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p*t* (for Logic)
2-1.1 Growth Method Supplier option of Cz or MCz
2-1.2 Use of Refined Polysilicon Permitted
2-1.4 Conductivity Type p
2-15 Dopant Boron
2-1.6 Nominal Edge Exclusiéh 3 mm (200 mm wafers), 2 mm (300 mm wafers)
2-1.8 Wafer Surface Orientation {100} off orientati(0.6° + 0.4°)
2-2.1 Resistivity, Center point 0.8-15Q- cni? ‘ 0.01-0.0X-cm ‘ 0.005-0.01@-cm
2-2.2 Radial Resistivity Variatiéf <20%
2-3.1 Oxygen Concentration, Ceriter As agreed between supplier and customer
Tolerance As agreed between supplier and customer
2-3.2 Radial Oxygen Variatidh As agreed between supplier and customer
2-3.3 Carbon Concentration, <0.5 ppma
Background® #
2-5.1 Wafer ID Markin® Per substrate category 1.9.1 or 1.9.2 (200 mmf,1& (300 mm)
2-5.3 Denuded Zone As agreed between supplier and customer
2-5.4 Extrinsic Gettering As agreed between suppliel customer
255 Backseal As agreed between supplier and customer
2-5.6 Annealing As agreed between supplier and customer
2-5.7 Edge Surface Condition Polished
258 Back Surface Condition Polished
2-6. Wafer Dimensional Characteristits Per substrate category 1.9.1 or 1.9.2 (200 mm),
or 1.15 (300 mm) except as noted below:
2-6.1 Diameter 300 +0.20 mm or 200 £ 0.20 mm
2-6.2 Fiducial Dimensions In accordance with requirement of wafer categotyp 1.
(see SEMI M1 Figure 5)
2-6.3 Primary Flat/Notch Orientation <110>+1°
2-6.7 Thickness 775+ 20 pm (300 mm) or 725 £ 20 um (200 mm)
3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS
3-1.1 Conductivity Type/Structure plp~ | p/p* | p/pt*
3-1.2 Layer Dopant Boron
3-1.3 Silicon Source Gas As agreed between suppligicustomer
3-1.4 Layer Growth Method As agreed between supahe customer
3-15 Layer Net Carrier Density Range As agreed/ben supplier and customer
3-1.6 Net Carrier Density Variation Net carrier density must be within range at allhg®in the FQA
3-1.7 Layer Thickness, center point Target: As egteetween supplier and customer; Tolerance: +5%
3-1.8 Layer Thickness Variation +10% per Equation 2
3-1.9 Transition Width As agreed between supplietr @ustomer
3-1.10 Flat Zone As agreed between supplier and customer
3-2. POST-EPI DIMENSIONAL CHARACTERISTICS
3-2.1 Bow As agreed between supplier and customer
3-2.2 Warf’ <50 um
3-2.3 Sori As agreed between supplier and customer
3-24 Total Thickness Variation, GBIR <4 um
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Epitaxial Wafer Category: 11.121 11.12.2 11.12.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p** (for Logic)
3-25 Flatness, Global, GFLR <3um
3-2.6 Flatness, Site, SF&R <45 nm, 26 mmx 8 mm sites>95% usable area, partial sites included
no offset, OR 100% usable area, full sites onlyopfiset
3-2.7 Nanotopography As agreed between supplier and customer for
both 2 mm and 10 mm diameter analysis areas
3-2.9 Flatness, Site, SBIR As agreed between serpgotid customer
3-2.10 Edge Profile As agreed between supplier and customer
3-3. POST-EPI FRONT SURFACE CHEMISTRY
3-3.1.1 | Sodium <1 x 10°cnr?
3-3.1.2 | Aluminum <1 x 10°cnr?
3-3.1.3 | Potassium <1 x10@%cnr?
3-3.1.4 | Chromium <1 x10@%cnr?
3-3.1.5 | Iron <1 x 10°cnr?
3-3.1.6 | Nickel <1 x 10%cnt?
3-3.1.7 | Copper <1 x 10%cnt?
3-3.1.8 | Zinc <1 x 10°cnt?
3-3.1.9 | Calcium <1 x 10°cnt?
3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS
3-4.2 Slig® None
3-4.3 Dislocations None
3-45 Localized Light Scatterers (LLS), <115 at>65 nm PSL<10 at> For Area Defects
count per wafé? (Area defect definition to be agreed upon betwegpker and customer)

<49 at>65 nm PSL<4 at For Area Defects
(Area defect definition to be agreed upon betwegpker and customer)

3-4.6 Haze None

3-4.7 Scratches — Macro None

3-4.8 Scratches — Micro As agreed between supafidrcustomer
3-4.9 Edge Chips and Indents None

3-4.10 Foreign Matter None

3-4.11 Dimples None

3-4.12 Orange Peel None

3-4.13 Contamination/Area None

3-4.14 Edge Cracks None

3-4.15 Edge Crown None

3-4.16 Cracks, Crow’s Feet None

3-4.18 Saw Marks None

3-4.19 Dopant Striation Rings None

3-4.20 Stains None

3-4.21 Misfits As agreed between supplier and customer
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS

3-5.1 Contamination None

3-5.2 Scratches — Macro None

3-5.3 Scratches — Micro Cumulative lengttD% of wafer diameter
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Previous SEMI Reference: None
Epitaxial Wafer Category: 11.12.1 11.12.2 11.12.3
Technology p/p(for DRAM) p/p (for DRAM, Logic) p/p*t* (for Logic)
3-54 Localized Light Scatterers (LLS) Not specified
3-55 Edge Chips None
3-5.6 Cracks, Crow’s Feet None
3-5.7 Saw Marks None
3-5.8 Stains None

#1 Unless otherwise agreed upon for a specific charatt or test method.
#2 Resistivity of substrate shall be chosen to magsiistivity of epitaxial layer.
#3 Only process control data is required. Data natired on Certificate of Compliance.

should be made by SEMI MF1188, JEIDA 61, or DIN 384. Measurements of oxygen level on heavily dopdustrates should be made
SEMI MF1366 or Gas Fusion Analysis, as agreed kestvgeipplier and customer. Practical nondestruatisology for oxygen measurements
heavily doped substrates did not exist at the thiedocument was approved.

#5 Test in accordance with SEMI MF951, Plan A1, A2A8r, as agreed between supplier and customer.
#6If a choice is listed, selection must be made.

is deposited on the back of the substrate.

method given in SEMI MF1726, but no standard testhmd currently exists. X-ray topography can detéptthat may not penetrate to the n

standard test method currently exists. Surfacemoegs may interfere with SSIS measurements. Howentbrthe thermal cycles employed in
nm technology thermal processes, slip propagationld not be a problem.

uses the equation: count per wafex am = (count per wafer gtnm) x (y nmik nmy-%, The counts for 65 nm and Area Defect size malde

#4 Oxygen level in itself should not be specified kther is only a control parameter that may givénaitation of the amount of precipitatiol
that will occur after some thermal process thateates and grows Bulk Micro-defects generated etipitates. Addition of nitrogen or carbo
(above the background level) to the crystal cararob the growth of these precipitates. Measurenoéitsygen level on lightly doped substrat

#7 Only process control data is required. Data natired on Certificate of Compliance. A larger waglue may be appropriate if an oxide lay

#8 An etch depth <100 nm is acceptable when testirapaordance with SEMI MF1726. The metrology usedsfip determination is a majo
factor in determining the presence or absenceamfisés. X-ray Topography is much more sensithantthe etching and microscopic inspecti

surface region where the device is fabricated. &(J$&SIS equipment set at les80 nm can also reveal slip lines on epitaxial wafart again no

#9The 65 nm count, 115, is from the 2005 ITRS 45 mchen This count may be transformed to a count athan size using ISO 14644-1, whic]

Table R2-8 Guide for the Specification of 32 nm De

stacking faults of different scattering intensitéesl other structural epitaxial defects that atecoorectly sized by current generation SSISs.

sign Rule Epitaxial Wafers with DSP Substrates

Previous SEMI Reference: None
Epitaxial Wafer Category: 11.13.1 11.13.2 11.13.3
Technology p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)
2. SUBSTRATE CHARACTERISTICS
2-1.1 Growth Method Supplier option of Cz or MCz
2-1.2 Use of Refined Polysilicon Permitted
2-1.4 Conductivity Type p
2-1.5 Dopant Boron
2-1.6 Nominal Edge Exclusiéh 2 mm (300 mm wafers)
2-1.8 Wafer Surface Orientation {100} off orientai (0.6° + 0.4°)
2-2.1 Resistivity, Center point 0.8-15Q- cni? | 0.01-0.0X2-cm 0.005-0.01@-cm
2-2.2 Radial Resistivity Variatidh <20%
2-3.1 Oxygen Concentration, Cerfter As agreed between supplier and customer
Tolerance As agreed between supplier and customer
2-3.2 Radial Oxygen Variatiéh As agreed between supplier and customer
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Previous SEMI Reference:

None

Epitaxial Wafer Category:

11.131 11.13.2 11.13.3

Technology p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)

2-3.3 Carbon Concentration, <0.5 ppma

Backgrountf: #
2-5.1 Wafer ID Markintf Per (SEMI M1) substrate category 1.15 (300 mm)
2-5.3 Denuded Zone As agreed between supplier and customer
2-54 Extrinsic Gettering As agreed between suppliel customer
2-55 Backseal As agreed between supplier and customer
2-5.6 Annealing As agreed between supplier and customer
2-5.7 Edge Surface Condition Polished
2-5.8 Back Surface Condition Polished
2-6. Wafer Dimensional Characteristits Per (SEMI M1) substrate category 1.15 (300 mm)
2-6.1 Diameter 300 £0.2 mm
3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS
3-1.1 Conductivity Type/Structure plp” | p/p* | p/p*™*
3-1.2 Layer Dopant Boron
3-1.3 Silicon Source Gas As agreed between suppligicustomer
3-1.4 Layer Growth Method As agreed between supaplid customer
3-1.5 Layer Net Carrier Density Range As agreed/ben supplier and customer
3-1.6 Net Carrier Density Variatiéh Net carrier density must be within range at aling®in the FQA
3-1.7 Layer Thickness, center point Target: Custdipecified; Tolerance: +5%
3-1.8 Layer Thickness Variation +10% per Equation 2
3-1.9 Transition Width As agreed between supplet @ustomer
3-1.10 Flat Zone As agreed between supplier and customer

3-2. POST-EPI DIMENSIONAL CHARACTERISTICS

3-2.1 Bow As agreed between supplier and customer

3-2.2 Warfj® <50 um for wafers without backseal

3-2.3 Sori As agreed between supplier and customer

3-24 Total Thickness Variation, GBIR <4 pym

3-25 Flatness, Global, GFLR <3um

3-2.6 Flatness, Site, SF&R <32 nm, 26 mm x 8 mm sites95% usable area by shipment sample, pa
sites included, no offset, OR 100% usable arebsitigls only, no offset

3-2.7 Nanotopograpfi§ <8 nm (2 mm x 2 mm)

3-29 Flatness, Site, SBIR As agreed between srpgtid customer

3-2.10 Edge Profile As agreed between suppliercaistbmer

3-2.11 Edge Roll-off As agreed between supplierarstomer

3-3. POST-EPI FRONT SURFACE CHEMIST

RY

3-3.1.1 | Sodium <1 x 10°cn1?
3-3.1.2 | Aluminum <1 x1@%cnr?
3-3.1.3 | Potassium <1 x1@%cnr?
3-3.1.4 | Chromium <1 x 10°cn1?
3-3.1.5 | Iron <1 x 10°cn1?
3-3.1.6 | Nickel <1 x 10°cnt?
3-3.1.7 | Copper <1x10°cnr?
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Previous SEMI Reference:

None

Epitaxial Wafer Category: 11.131

11.13.2

11.13.3

Technology p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)
3-3.1.8 | zinc <1 x1@%cnr?
3-3.1.9 | Calcium <1 x1@%cnr?
3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS
3-4.2 Slig® None
3-43 Dislocations None

3-45 Localized Light Scatterers
(LLS), count per wafét!

<110 at>45 nm PSL£10 at>150 nm PSL (300 mm)

3-4.6 Haze

None

3-4.7 Scratches — Macro

None

3-4.8 Scratches — Micro

As agreed between supalidrcustomer

3-49 Edge Chips and Indents None
3-4.10 Foreign Matter None
3-4.11 Dimples None
3-4.12 Orange Peel None
3-4.13 Contamination/Area None
3-4.14 Edge Cracks None
3-4.15 Edge Crown None
3-4.16 Cracks, Crow’s Feet None
3-4.18 Saw Marks None
3-4.19 Dopant Striation Rings None
3-4.20 Stains None
3-4.21 Misfits As agreed between supplier and customer
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS

3-5.1 Contamination None
3-5.2 Scratches — Macro None

3-5.3 Scratches — Micro

Cumulative lengttD% of wafer diameter

3-54 Localized Light Scatterers (LLS) Not specified
3-55 Edge Chips None
3-5.6 Cracks, Crow’s Feet None
3-5.7 Saw Marks None
3-5.8 Stains None

#1 Unless otherwise agreed upon for a specific charatit or test method.
#2 Resistivity of substrate shall be chosen to magsiistivity of epitaxial layer.

#3 Only process control data is required. Data natired on Certificate of Compliance.

#4 Oxygen level in itself should not be specified kather is only a control parameter that may givénalication of the amount of precipitatio
that will occur after some thermal process thateates and grows Bulk Micro-defects generated etipitates. Addition of nitrogen or carbo
(above the background level) to the crystal cararob the growth of these precipitates. Measurenoéiatsygen level on lightly doped substrat
should be made by SEMI MF1188, JEIDA 61, or DIN 384.. Measurements of oxygen level on heavily dopdistrates should be made
SEMI MF1366 or Gas Fusion Analysis, as agreed bstvseipplier and customer. Practical nondestruatiggology for oxygen measurements

heavily doped substrates did not exist at the thiedocument was approved.

#5Test in accordance with SEMI MF951, Plan Al, A2A8: as agreed between supplier and customer.

#6If a choice is listed, selection must be made.
#7 Subject to measurement capability near the edge.

#8 Larger warp value may be appropriate if an oxigeras deposited on the back of the substrate.

This is a Draft Document of the SEMI International Standards program. No material on this page is to be construed as an official or adopted Standard or Safety Guideline.
Permission is granted to reproduce and/or distribute this document, in whole or in part, only within the scope of SEMI International Standards committee (document development)
activity. All other reproduction and/or distribution without the prior written consent of SEMI is prohibited.

Page 34

Doc. 5989 © SEMI®

LETTER BALLOT



Semiconductor Equipment and Materials International DRAFT
3081 Zanker Road "
San Jose, CA 95134-2127 6 semli Document Number: 598 9
Phone: 408.943.6900, Fax: 408.943.7943 Date: 4/13/2016
#9 Measurement Method SEMI M78. The nanotopographyesgenerally follow ITRS using node values for DR# pitch. These values ar
considered challenging. If desired, different napography specifications may be agreed upon beta@gplier and customer.
#10An etch depth <100 nm is acceptable when testirag@ordance with SEMI MF1726. The metrology usedsfip determination is a majo
factor in determining the presence or absenceamfisés. X-ray Topography is much more sensithantthe etching and microscopic inspecti
method given in SEMI MF1726, but no standard testhmd currently exists. X-ray topography can deséptthat may not penetrate to the n
surface region where the device is fabricated. &fs8SIS equipment set 480 nm can also reveal slip lines on epitaxial wafaut again no
standard test method currently exists. Surfacemoegs may interfere with SSIS measurements. Howenttr the thermal cycles employed i
<90 nm technology thermal processes, slip propagatiould not be a problem.
#111TRS 2009 recommends a count of 110 for 32 nm n®His. count may be transformed to a count at amatize using 1ISO 14644-1, whic
uses the equation: count per wafex at = (count per wafer gtnm) x (y nmi& nmy. The counts for 32 nm and 150 nm LSE sizes maydiec
stacking faults of different scattering intensitéel other structural epitaxial defects that atecoorectly sized by current generation SSISs.
Table R2-9 Guide for the Specification of 22 nm De  sign Rule Epitaxial Wafers with DSP Substrates
Previous SEMI Reference: None
Epitaxial Wafer Category: 11.14.1 11.14.2 11.14.3
Technology p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)
2. SUBSTRATE CHARACTERISTICS
2-1.1 Growth Method Supplier option of Cz or MCz
2-1.2 Use of Refined Polysilicon Permitted
2-1.4 Conductivity Type p
2-1.5 Dopant Boron
2-1.6 Nominal Edge Exclusiéh 2 mm (300 and 450 mm wafers)
2-1.8 Wafer Surface Orientation {100} off orientati (0.6° + 0.4°)
221 |Resistivity, Center point 08-15Q-cn? | 001-002-cm | 0.005-0.01@:-cm
2-2.2 Radial Resistivity Variatidh <10%
2-3.1 Oxygen Concentration, Cerfter As agreed between supplier and customer
Tolerance As agreed between supplier and customer
2-3.2 Radial Oxygen Variatiéh As agreed between supplier and customer
2-3.3 Carbon Concentration, <0.5 ppma
Backgrountf: #
2-5.1 Wafer ID Markingf Per (SEMI M1) substrate category 1.15 (300 mm); SER(450 mm)
2-5.3 Denuded Zone As agreed between supplier and customer
2-5.4 Extrinsic Gettering As agreed between suppliel customer
2-55 Backseal As agreed between supplier and customer
2-5.6 Annealing As agreed between supplier and customer
2-5.7 Edge Surface Condition Polished
2-5.8 Back Surface Condition Polished
2-6. Wafer Dimensional Characteristits| Per (SEMI M1) substrate category 1.15 (300 mm)hné.1 (450 mm)
2-6.1 Diameter 300 £ 0.20 mm or 450 + 0.10 mm
3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS
3-1.1 Conductivity Type/Structure plp” | p/p* | p/p*™*
3-1.2 Layer Dopant Boron
3-1.3 Silicon Source Gas As agreed between suppligicustomer
3-1.4 Layer Growth Method As agreed between supaplid customer
3-1.5 Layer Net Carrier Density Range As agreed/ben supplier and customer
3-1.6 Net Carrier Density Variatiéh Net carrier density must be within range at alhpoin the FQA
3-1.7 Layer Thickness, center point Target: Custdpecified; Tolerance: < +5%
3-1.8 Layer Thickness Variation < +10% per Equatfion
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Previous SEMI Reference:

None

Epitaxial Wafer Category:

11141 11.14.2 11.14.3

Technology p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)
3-1.9 Transition Width As agreed between supplietr @ustomer
3-1.10 Flat Zone As agreed between supplier and customer

3-2. POST-EPI DIMENSIONAL CHARACTERISTICS

3-2.1 Bow As agreed between supplier and customer

3-2.2 Warfi® <50 um for wafers without backseal

3-2.3 Sori As agreed between supplier and customer

3-24 Total Thickness Variation, GBIR <3um

3-25 Flatness, Global, GFLR <3um

3-2.6 Flatness, Site, SFQR <22 nm, 26 mm x 8 mm sites, PUA and partial siteBigion As agreed
between supplier and customer

3-2.7 NanotopograpH <6 nm (2 mm x 2 mm)

3-2.9 Flatness, Site, SBIR As agreed between sermpgotid customer

3-2.10 Edge Profile As agreed between supplier and customer

3-2.11 Edge Roll-off As agreed between supplier and customer

3-3. POST-EPI FRONT SURFACE CHEMIST

RY

3-3.1.1 | Sodium <1 x 10%cn1?

3-3.1.2 | Aluminum <1 x 10°cnt?

3-3.1.3 | Potassium <1 x 10°cnt?

3-3.1.4 | Chromium <1 x1@%cnr?

3-3.1.5 |Iron <1 x1@%cnr?

3-3.1.6 | Nickel <1 x 10°cn1?

3-3.1.7 | Copper <1 x 10°cn1?

3-3.1.8 | Zinc <1 x 10°cnt?

3-3.1.9 | Calcium <1 x 10°cnt?

3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS

3-4.2 Slige None

343 Dislocations None

3-45 Localized Light Scatterers <0.19 cm? @>32 nm LSE (Measurement sensitivity and dependenapi
(LLS)#? surface condition may need to be verified)

3-4.6 Haze None

3-4.7 Scratches — Macro None

3-4.8 Scratches — Micro As agreed between supgtidrcustomer

3-49 Edge Chips and Indents None

3-4.10 Foreign Matter None

3-4.11 Dimples None

3-4.12 | Orange Peel None

3-4.13 Contamination/Area None

3-4.14 Edge Cracks None

3-4.15 Edge Crown None

3-4.16 Cracks, Crow’s Feet None

3-4.18 Saw Marks None

3-4.19 Dopant Striation Rings None
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Previous SEMI Reference:

None

Epitaxial Wafer Category:

11141

11.14.2

11.14.3

Technology p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)
3-4.20 Stains None
3-4.21 Misfits As agreed between supplier and customer
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS
3-5.1 Contamination None
3-5.2 Scratches — Macro None
3-5.3 Scratches — Micro Cumulative lengttD% of wafer diameter
3-54 Localized Light Scatterers (LLS) Not spedfie
3-5.5 Edge Chips None
3-5.8 Stains None

#1 Unless otherwise agreed upon for a specific charatt or test method.
#2 Resistivity of substrate shall be chosen to magsiistivity of epitaxial layer.
#3 Only process control data is required. Data natired on Certificate of Compliance.

#4 Oxygen level in itself should not be specified kather is only a control parameter that may givénaitation of the amount of precipitatio
that will occur after some thermal process thateates and grows Bulk Micro-defects generated etipitates. Addition of nitrogen or carbo
(above the background level) to the crystal caraeoé the growth of these precipitates. Measurenoéiotsygen level on lightly doped substrat
should be made by SEMI MF1188, JEIDA 61, or DIN 384. Measurements of oxygen level on heavily dopdustrates should be made
SEMI MF1366 or Gas Fusion Analysis, as agreed bstvseipplier and customer. Practical nondestruatiggology for oxygen measurements
heavily doped substrates did not exist at the thieedocument was approved.

#5 Test in accordance with SEMI MF951, Plan A1, A2A8r, as agreed between supplier and customer.

#6 If a choice is listed, selection must be made.

#7 Subject to measurement capability near the edge.

#8 Larger warp value may be appropriate if an oxigeras deposited on the back of the substrate.

#9 considered challenging. If desired, different napography specifications may be agreed upon betawgplier and customer.

#10An etch depth <100 nm is acceptable when testirag@ordance with SEMI MF1726. The metrology usedsfip determination is a majo
factor in determining the presence or absencepfisés. X-ray Topography is much more sensithant the etching and microscopic inspecti
method given in SEMI MF1726, but no standard testhmd currently exists. X-ray topography can deséptthat may not penetrate to the n
surface region where the device is fabricated. &fs8SIS equipment set 400 nm can also reveal slip lines on epitaxial wafart again no

standard test method currently exists. Surfaceloegs may interfere with SSIS measurements. Howenttr the thermal cycles employed i
<90 nm technology thermal processes, slip propagatiould not be a problem.

#11ITRS 2009 recommends a count of 126 for 22 nm @dd@2 nm sensitivity. This count may be transformed tmunt at another size usi
ISO 14644-1, which uses the equation: count peemafk nm = (count per wafer gtnm) x ( nmx nmy-%. The counts for 22 nm and 150 n
Latex Sphere Equivalent (LSE) sizes may includekatg faults of different scattering intensitiedasther structural epitaxial defects that are
correctly sized by current generation SSISs.

Table R2-10 Guide for the Specification of 16 nm D  esign Rule Epitaxial Wafers with DSP Substrates

Previous SEMI Reference: None

Epitaxial Wafer Category: 11.151 11.15.2 11.15.3

Technology p/p** (for Logic)

2. SUBSTRATE CHARACTERISTICS

p/p(for DRAM Logic) | p/p (for DRAM, Logic)

2-1.1 Growth Method Supplier option of Cz or MCz

2-1.2 Use of Refined Polysilicon Permitted

2-1.4 Conductivity Type p

2-15 Dopant Boron

2-1.6 Nominal Edge Exclusiéh 2 mm (300 and 450 mm wafers)

2-1.8 Wafer Surface Orientation {100} off orientati (0.6° + 0.4°)

221 |Resistivity, Center point 08-15Q-cn? |  001-00XQ-cm |  0.005-0.01@-cm
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Previous SEMI Reference:

None

Epitaxial Wafer Category:

11.15.1 11.15.2 11.15.3

Technology

p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)

2-2.2 Radial Resistivity Variatidh

<10%

2-3.1 Oxygen Concentration, Cerfter

As agreed between supplier and customer

Tolerance

As agreed between supplier and customer

2-3.2 Radial Oxygen Variatiéh

As agreed between supplier and customer

2-3.3 Carbon Concentration,
Backgrountf: #

<0.5 ppma

2-5.1 Wafer ID Markingf

Per (SEMI M1) substrate category 1.15 (300 mm); SER(450 mm)

2-5.3 Denuded Zone

As agreed between supplier and customer

2-5.4 Extrinsic Gettering

As agreed between suppliel customer

2-55 Backseal

As agreed between supplier and customer

2-5.6 Annealing

As agreed between supplier and customer

2-5.7 Edge Surface Condition

Polished

2-5.8 Back Surface Condition

Polished

2-6. Wafer Dimensional Characteristits

Per (SEMI M1) substrate category 1.15.1 (300 mmd) 6.1 (450 mm)

2-6.1 Diameter

300 + 0.20mm or 450 £ 0.10mm

3-1. GENERAL EPTIAXIAL WAFER AND LAYER CHARACTERISTICS

3-1.1 Conductivity Type/Structure

p/p- | p/p* | plp™

3-1.2 Layer Dopant

Boron

3-1.3 Silicon Source Gas

As agreed between suppligicustomer

3-1.4 Layer Growth Method

As agreed between supalie customer

3-1.5 Layer Net Carrier Density Range

As agreed/ben supplier and customer

3-1.6 Net Carrier Density Variatiéh

Net carrier density must be within range at alhpoin the FQA

3-1.7 Layer Thickness, center point

Target: Custopecified; Tolerance: < +5%

3-1.8 Layer Thickness Variation

< +10% per Equafion

3-1.9 Transition Width

As agreed between supplietr e@ustomer

3-1.10 Flat Zone

As agreed between supplier and customer

3-2. POST-EPI DIMENSIONAL CHARACTERISTICS

3-2.1 Bow As agreed between supplier and customer
3-2.2 Warfi® <50 um for wafers without back seal
3-2.3 Sori As agreed between supplier and customer
3-24 Total Thickness Variation, GBIR <3um

3-2.5 Flatness, Global, GFLR <3um

3-2.6 Flatness, Site, SFQR

<20 nm, 26 mm x 8 mm sites, PUA and patrtial sitefusion as agreed
between supplier and customer

3-2.7 NanotopograpH

<5 nm (2 mm x 2 mm)

3-2.9 Flatness, Site, SBIR

As agreed between srpgtid customer

3-2.10 Edge Profile

As agreed between supplier and customer

3-2.11 Edge Roll-off

As agreed between supplier and customer

3-3. POST-EPI FRONT SURFACE CHEMIST

RY

3-3.1.1 | Sodium

<1 x 10%cnt?

3-3.1.2 | Aluminum

<1 x 10%cnt?

3-3.1.3 | Potassium

<1 x 10%cnt?
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Epitaxial Wafer Category: 11.151 11.15.2 11.15.3
Technology p/p(for DRAM Logic) | p/p (for DRAM, Logic) p/p** (for Logic)
3-3.1.4 | Chromium <1 x10@%cnt?
3-3.1.5 |Iron <1 x10@%cnt?
3-3.1.6 | Nickel <1 x 100 cnr?
3-3.1.7 | Copper <1 x 13°%cnt?
3-3.1.8 | Zinc <1 x 100 cnt?
3-3.1.9 | Calcium <1 x 100 cnt?
3-4. POST-EPI FRONT SURFACE INSPECTION CHARACTERISTICS
3-4.2 Slig© None
343 Dislocations None
3-45 Localized Light Scatterers <0.18 cm? @> 32nm LSE (Measurement sensitivity and dependencept
(LLS)*1! surface condition may need to be verified)
3-4.6 Haze None
3-4.7 Scratches — Macro None
3-4.8 Scratches — Micro As agreed between supgtigrcustomer
3-4.9 Edge Chips and Indents None
3-4.10 Foreign Matter None
3-4.11 Dimples None
3-4.12 | Orange Peel None
3-4.13 Contamination/Area None
3-4.14 Edge Cracks None
3-4.15 Edge Crown None
3-4.16 Cracks, Crow’s Feet None
3-4.18 Saw Marks None
3-4.19 Dopant Striation Rings None
3-4.20 Stains None
3-4.21 Misfits As agreed between supplier and customer
3-5. POST-EPI BACK SURFACE INSPECTION CHARACTERISTICS
3-5.1 Contamination None
3-5.2 Scratches — Macro None
3-5.3 Scratches — Micro Cumulative lengttD% of wafer diameter
3-54 Localized Light Scatterers (LLS) Not spedfie
3-55 Edge Chips None
3-5.8 Stains None

#1 Unless otherwise agreed upon for a specific chariatit or test method.
#2 Resistivity of substrate shall be chosen to magsiistivity of epitaxial layer.
#3 Only process control data is required. Data natired on Certificate of Compliance.

#4 Oxygen level in itself should not be specified kather is only a control parameter that may givénaitation of the amount of precipitatio
that will occur after some thermal process thateates and grows Bulk Micro-defects generated etipitates. Addition of nitrogen or carbo
(above the background level) to the crystal caraeoé the growth of these precipitates. Measurenoéiotsygen level on lightly doped substrat
should be made by SEMI MF1188, JEIDA 61, or DIN 384. Measurements of oxygen level on heavily dopdustrates should be made
SEMI MF1366 or Gas Fusion Analysis, as agreed bstvseipplier and customer. Practical nondestruatiggology for oxygen measurements
heavily doped substrates did not exist at the thiedocument was approved.

#5Test in accordance with SEMI MF951, Plan Al, A2A8:; as agreed between supplier and customer.
#6 If a choice is listed, selection must be made.
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#7 Subject to measurement capability near the edge.
#8 Larger warp value may be appropriate if an oxigeias deposited on the back of the substrate.

#9 Measurement Method SEMI M78. The nanotopographyesgenerally follow ITRS using node values for DR# pitch. These values ar
considered challenging. If desired, different napography specifications may be agreed upon beta@gplier and customer.

#10An etch depth <100 nm is acceptable when testiragaordance with SEMI MF1726. The metrology usedsfip determination is a majo
factor in determining the presence or absencepfisés. X-ray Topography is much more sensithant the etching and microscopic inspecti
method given in SEMI MF1726, but no standard testhmd currently exists. X-ray topography can detéptthat may not penetrate to the n
surface region where the device is fabricated. &fs8SIS equipment set @00 nm can also reveal slip lines on epitaxial wafart again no
standard test method currently exists. Surfacelmoess may interfere with SSIS measurements. Hoyenttr the thermal cycles employed i
<90 nm technology thermal processes, slip propagatiould not be a problem.

#11ITRS 2009 recommends a count of 127 (300 mm wafied) 286 (450 mm wafer) for 16nm node>&82nm sensitivity. This count may b
transformed to a count at another size using 1IS&144., which uses the equation: count per wafgmah = (count per wafer gtnm) x f/ nmk
nmy %, The counts for 32 nm and 150 nm Latex Spherev&atgnt (LSE) sizes may include stacking faults iffedent scattering intensities an
other structural epitaxial defects that are notexily sized by current generation SSISs.

NOTICE: SEMI makes no warranties or representations teeteuitability of the standard(s) set forth hefeinany
particular application. The determination of thé@aility of the standard(s) is solely the respbilgy of the user.
Users are cautioned to refer to manufacturer'sueibns, product labels, product data sheets,athdr relevant
literature respecting any materials or equipmenntioeed herein. These standards are subject togehaithout
notice.

By publication of this standard, Semiconductor Bguent and Materials International (SEMI) takes psifion
respecting the validity of any patent rights oryrights asserted in connection with any item membin this
standard. Users of this standard are expresslged¥hat determination of any such patent rightopyrights, and
the risk of infringement of such rights are entirileir own responsibility.
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