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SEMI M92-0423
SPECIFICATION FOR 4H-SIC HOMOEPITAXIAL WAFER

‘This Stndard wes technically approved by the Compound Semiconductor Materials Global Technical
Commitie. This edition was approved for publication by the globul Audits and Reviews Subcomm tiee

Ocober 12,2022, Available 31 wuw semiviews.on and www semi org in Ageil 2023,
NOTICE: The section symbol (§) is used o reference a numbered section, paragraph, or header and all subordinate
pamgraphs, headers, and embedded material (1., EXCEPTIONS, lists) therein. The paragraph symbol (9 is used 10
reference a particulsr pumbered paragraph and embedded material ferein. When duplicated (ic., §§ and 19) th
symbals are used tareference more than one scetion or pargraph, respectively.
NOTICE: Paragraphs entifled "NOTE:" are not an official part of this Standard or Safety Guideline and are not
intended to modify or supersede the official Standard or Safety Guideline. These have heen supplied by the global
technical comminee to enhance the usage of e Standard or Safety Guideline.

1 Pupose

LLT AHSIC walers used in power

|2 This spmnm.m pvwh a uniform standard of 4H-SIC bomospitaxial wafers for the supplicrs and the
in the industrial chai

2 Scope

2.1 “This Specification specifies the parameters of 4H-SIC lnm\mpmxn\ wafers with a single epitaxial layer grown
‘on an n-type substrate, up 1o and including 30 um total thick ness.

22 Dimensional requirements are provided for the following categories of epitavial wafers:
© 100.0mm 4H

iC cpitaial wafers
* 150.0mm 4H-SiC epitxial wafers

NOTICE: SEMI purport to address all safety with their use.
Histhe ofthe users of the and health practices, and determine
i i 10 use.

3 Referenced Standards and Documents.
3.1 SEMI Standards and Safety Guidelines

SEMIMI for Polished Single Crystal Silicon Wafers
SEMI M40 — Guide for Measurement of Roughness of Planar Surfaces on Polished Wafers
SEMI Polished ilicon Carbide Wafers

SEMIM59 — Terminology for Silicon Technology
SEMI M&I — Guide to Defects Found on Monocrystalline Silicon Carbide Substrates

SEMI M83 — Test Method for Determination of Dislocation Etch Pit Density in Monoerystals of LV Compound
‘Semiconductors

'SEMI MF26 — Test Method for Deiermining the Orientation of a Semiconductive Single Crystal

SEMI MF95 — Test Methad for Thickness of Lightly Doped Silicon Epitaxial Layers on Heavily Doped Silicon
‘Substrates Using an Infrared Dispersive Spectiophotometer

SEMI for Unaided V isual Insp
SEMI MF533 — Test Method for Thickness and Thickness Varation of Silicon Wafers

Polished Walker Surfaces

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

1 SEMI M92-0423 © SEMI 2023
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SEMI MF673 — Test Method for Measuring Resistivity of Semiconductor Wafers or Sheet Resistance of
witha

SEMI MF47 — Test Method for Measuring Crystallographic Orientation of Flats on Single Crystal Silicon Wafers
by X-Ray Techniques
SEMI MF13%0 — Test Method for Measuring Bow and Warp on Silicon Wafers by Automated Noneoniact Scanning

sEM[ MF1392 —Test Method for um-mmug Net Carrier Density Profiles in Silicon Wafers By Capacitance-
hage Measurements with a Mercury Prol

SEMI MFI530 — Test Method for Measuring Flatness, Thickness, and Towl Thickness Variation on Silicon Wafer
by Automated Noncontact Scanning

SEMI MF2074 — Guide for Measuring Diameter of Silicon and Other Semiconductor Wafers
3.2 ASTM* Siandands'

ASTM E122 — Standard Practice for Caleulating Sample Size to Estmate, With a Specified Tolemble Emor, fhe
Average for Characteristie of a Lot or Process

3.3 ASD® Siandards®

ANSI/ASQ Z1.4 — Sampling Procedures and Tables for Inspectionby Atributcs

NOTICE: U indicated, be the latest published versions.
4 Terminalogy

NOTE 1: Many definitions and terms not given in this section can be found in SEM1 M1, SEMI MSS, and SEMI MS9.
4.1 Abbreviations and Acranyms

411 GBiRt — global flatness back surface ideal range

412 SBIR — site flamess back surface ideal range

42 Definitians

421 on the surfac in under the inspection
lighting ‘mattied, or P resulting from smudges, stains or waters, ete.

422 buffer layer — a transition layer epiti d and the first epi layer

423 cruck fracture wafer.

424 dislocation — a line imperfeciion ina crysal lattice thatis characterized by a closure failure of Burgers” eireut
that may form the boundary between slipped and non-slipped occur at the edge
or around precipitates.

423 dis hpit — by apr B ‘where a dislocation meets the surface of a wafer.

426 downfall — 3 macroscopic size pantick: existing within or exending beyond the epitaxial layer. The erystal
structure of the particles s usually 3C.

427 ip has been removed from the edge of the wafer.

428 edge exclusion (EE) — the distance from the fixed quality area (FQA) boundary to periphery of a wafer of
‘nominal d imensions

429 fived quality area (FQA) — the central area of a wafer surface, defined by a nominal EE, over which the
specified values of a parameter apply. Because the nominal EE mnsna- ‘nominal diameter of a wafer, the size of
the FQA s independent of wafer diameter and flat length tolerance:

! ASTM insernsicraL, 100 Basr Harbor Deive, West Conshobacken, PA. 194242999, USA; Telepbome: +1. 6108329585, P +1 81022 9555,
Eeloftunise x0m g, ASTM smdemark s oumed by AST lserma il

£ The Amesican Sacicty for Qusl y, 600 Narth Plarcinion Averne, Milwasikee, W1 S1203, USA; Telephane: +1 800245, 1946, Fax:
STy,

.
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4210 ideal range (GBIR) — a par flatness

42101 Discussion — Refer to SEMI M1, Appendix 1, Flatness Decision Tree. Formerly also known as *total
thickness vanation (TTV)',

a2 ial layer — film ially- formed on a substrate of the same material and
crystallogaphic orientation, nheriting the stomi order of the substrak.
4.2.12 micropipe — smallhollow tube basically parallel © through

langer pars of the crystal bouke and this affecting several neighboring wafers, Misropipes may be generated at bulk
defiects, for example, inclusions, polyty pe defiects or erystallites. (Refer to SEMI M1 for examples.)

4213 polynpe — one of the of ‘material polytypism.

4214 pm)l}pm — phenomenon where amaterial occurs in several stuctural modifications, each of whichcan be
regarde: upby stacking layers of dentical structure and ehemical composition.

4215 site flatness back surface ideal range (SBIR) — a parameter of flatness.

42151 Discussion — Refer 1o SEMI M1, Appendix I, Flatness Decision Tree. Formerly also known as “local
thick ness variation (LTV or LTVmas)"

4216 serach —a shallow groove or cut below i o a wafer, with
alength 1 widih ratio greater than 5:1

4217 silicon carbide (SiC) — semiconduetor erysial composed of silicon and carbon, which will exhibit a lrge
number of polytypes suchas 3C, 41, 6H, and 15R.

NOTE 2: A symbol like 4H- gives the number of 34 symmeny
Ca cubic, and R= m.m.am:..uﬂ.,..l,m

4218 substrate —. the
devices or cireuits that may be fabricad dircctl in the subsizate or n a film of the sam or another matcrial grown
or deposited on the substrate.

4219 surface kifler defict — suface killer defects of 4E-SIC epitaxial wafers caused by epitadial growth are
triangular

4.220 iotal usable area — fhe propartion of the area of the wafer without surface killer defects 1o the area of e
entire wafer

4221 trianguiar defect — a triangle-shaped defect on the 4H-SIC epitaxial layer surface, which is a lamellar
inclusion with a cubic { 3C) stacking sequence, so-called *3C inclusion’, extending toward the epitaxial layer surface.
5 Ordering Information

51 for 4H-SiC epit i i include the following tems from
substrate, buffer layer and epitaxial layer. In addition, the purchase order must indicate the testmethod 1o be usad in
evaluating each of the specified tlems for which aliemate test procedures exsst. Speeial requirements of ordering
information shall be agreed upon between the supplier and the purchaser

5.2 Substrate

521 Substrate Vendor,
522 Crystal Polytype,
523 Conductivity Type,
524 Dopant
525 Diametr
526 Thickness,

5.27 Wafer Surface Orientation,
528 Resistivity,

3 SEMI M82-0423 © SEM 2023
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529 Primary Flat Length,
5210 Primary Flat Orientation,

5211 Secondary Flat Length (or none),

5212 Secondary Flat Orientation (or none),

5213 Micropipe Density,

5.2.14 Dislocation Eich Pit Density,

5215 GEIR,

5216 SBIR,

5217 Warp, and

5218 Bow.

5.3 Bufer Layer

5.3.1 The conductivity type and dopant of buffer layer, and

532 The ‘bufer layer and & the test method wsed 10 measure &
andlor calibrate the growth conditions of that layer.

5.4 Epitaxial Layer
5.4.1 Conductivity type and dopant of each layer,

542 Carrier concentration of cach epitaxial layer and a description of the test method used 1© measure it andlor
calibrate the that layer ( Vafer Uniformity /Test PatternTest MethodEE),

5.4.3 Thickness of cach cpitaxial layer and a description of the test mefhod used to measure it andfor calibrate the
‘growth conditions of that layer (Tolerance/fntra-Wafer Uniformity/Test Pattem/Test Method/EE),

5.44 Surface killer defect and a description of the test method used tomeasure i (Total usable area/EE),
545 Suface roughness, and a description of the test method used to measure it,
546 Suface scrtch,

547 Edge chip,

548 Crack,

549 Area conamination (surface/backside),
5410 GBIR,

5411 SBIR,

5412 Warp,and

5413 Bow.

6 Requirements

6.1 The foﬂﬂwmg specified parameters of the epitaxial wafer in §§6.2, 6 1, and 6.4 are recommended, final
and process shall b agreed upon between the supplicr and the custome

6.2 Substrare
621 Polytype: 4H.

622 Condudtivity type: niype.

623 Dopant nitrogen.

6.24 Surface orientation; (0001) face 4.0° toward {11Z0).

SEMI M82-0423 © SEMI 2023 4
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625 Other gpecific technical mest "SEMI MS3, or shall meet the Table 2 Test Points Coordinates Table 3 Carrier Concentration Specification Table 7 Surface Roughness Specification
requirements of the specification agreed by the supplier and the customer.

A ha geod by the suppl Test Paint vy Specificaion ‘ Paramerer ‘ Specicarion ‘ Test CondisiontTechuigue ‘
63 Bugbr Laver bt TR 2 I A A O N2 R N T Porameter Test Y Pr— T
631 Conduction type: n-type. ameter Average fem™) Talerance (%) Uniformury (%) ‘ Surface roughness (waler center, scan size 10 um x 10 um) ‘ 0.5 nm ‘ REMI M40

ondu 1000 mm (50 [=300 [0 [ 100 | (00 | 045 [ 650 @5 - CapasiEmnce-voliaze (C-VP!
6.32 Dopant nitrogen. 150.0 mm =100) =650 [i=2.01 [i=3.0) [(=26.0 [ =130 | 100r [ 052 |52 [w052) e o |17 10% 305 % 107 #15 <1t ‘meosurementSEMI MF1392 1 An iocinmneod for mess wing mico ughoess.
6,33 Thickness and Carrier Canceniration o oquivakent
#1 & mathod for mering e e comsermmion o fepkada lyer 647 Edge Chip
6.33.1 The buffer layer Table 1 6433 Calculation Method
647.1 The edge chip of epitaxial layer. Table &
64331 Average of camier coneeniraiion: average value of cach test point, and e caleulation formula is shown as 544 Thicknoss
Table 1 Buffer Layer follows
L " 6.44.1 The test patiern, coordinaie of test poinis and calculafion meihod of thickness are consisient with the fest of Table & Edge Chip
‘ Paramerer ‘ Targer ‘ Test Condision/ Technique | Nore | s Bt m carier cancentration, referring to §§ 6.4.3.1 through 6.43.3. ‘ . ‘ ‘ P - | o ‘
n anneser Spectication et CandiondTechmsgue
[ Thickness | =05um  |Dewmmineby between| . where: 6442 of meet Table 4
I pom— - oot | thespphernd e cosm: | Gdgechp | Nome with lensth 1.5 num or degth >1.0 man | High intensity light, unsided eve/SEMI MFS23
Ny = concentration value of the i-4h fest point, unit am™, wo s i 3
n > y - Table 4 Thickness Specification
number of all iest points, the number of test poinis for wafers with diameters of 1000 mm and 150.0 mm is 8 and
6.4 Episxial Layer 10, cespertively, and Parasier Specification 648 Crack
2 Tes Ci
- -
641 Conution type: s ypalpype. = awerage of carrier concentration, nit: e [ dverogs Goud | Tolwase (%) ‘ Uhaiomaity (5%) 648.1 The crackaof epitaxial layer should meet the requirements of Table 9.
642 Dopmt nitrogeanalumimm. 64332 Tolerance of carrier ion: The deviation and i ion, and 0 o P Fouries transform mfrred (F TR P
pent: nitmg the calculation formula is shown as follows: MF%8 Table 8 Crack Specification
643 Carrier Concentrtion olerance = =PI 100 » #1 & meod ox mesmring e ickoess ofepisasisl yer. I o I faton I Fex ConduionsTechmiqne |
= Sarger e Bed
6431 Test Pattern ) o [ Crack | None | High imensiy light, unsided eyesSEMIME 23|
6:4.3.1.1 The test pattern of carmier concentration of epitaxial layer is shown in Figure 1. where: 645 Swface Defect
average of carrier concentration, unit: cm?, and 6451 Suface Killer Defect 649 tren Comumnarion
- 1, Targer=target of caicr concentration for epitaxial growth, 6.45.1.1 The surface killer defect of epimial layer should meet the requirements of Table 5. 6490 The piesid ayer able 10
“ 64333 Uniformity of carrier concentration; the caleulation formula is shown as follows:
. Table 5 Surface Killer Defect Specification
Uniformity =5 x 100% 3 Table 10 Area Contamination Specification
[ Parcmeter | Spwcsicanon | Test ConditionTechnige [ hoe | ‘ P [ e [ P ‘
3 arumeser feanim est Candiiontl chigre
f;: ) "
R a — “) Totsl ussble area (%) | 290 ‘ mins by 3 o " e ‘ " ‘ [ [ | High intensiny light unaided eve the entire walier surfsce/SEMI MFS23 |
where: #1 The s a7 xal matle awa s cefied i § 4220, and 5 cakuiacd by 2mm ¥ 2 mm g7 sz The measmpement arc 1 e et
R > Uniformity = uniformity of carrier concentration, vakr sl e for dmm e 6410 Flamess
[E——— “ = standard deviation between carrier concemration values at all test poinis, 6452 S Soruich 64101 The flamess of epitaxial layer should meet the requirements of Table 11
( o - s E
=13 X morgs of curier cancentration, wnit: o', 6.452.1 The surface scratch of epitaxial layer should meet the requirements of Table 6. Tabe 11 Flatness Specification
Figare 1 Ny =concentration value of the i-th test point, unit cm™, and
e . Pammeser Speeificanan Test ConchsonTechmigue
Carrier Concentration Test Pattern mumber of all test points, the number of test points for wafers with diameters of 100.0mm and 130.0 mm is 8 and Table & Surface Scratch Specification o n SEMI MEI530
GBIR (o) =t SEMILME
6432 Coordinate of Test Points ;“;r;:: :1“1: ificati i i “Table 3. | foramer ‘ Srectiton ‘ Tes Conduallmie ‘ e ‘ SBIR (um) = SEMIMELSIO
) - the g I | lstive length <1+ walir dismeter | High imtensty hight,unsided ey o/SEMIMFS23 | # Warp (m) =50 “SEMI MF1390
6432.1 The coordinate of each test point should meet the requirements of Table 2. e —————————— o o) = FEEYEE
645 Surface Roughness 7 TestMethods.
64561 The surface roughness of epitaxial layer should meet the requirements of Table 7.
i be the n Table 12,
or where choices are given, the supplier and the cusiomer shall agree in advance.
5 ‘SEMI M92-0423 © SEMI 2023 ‘SEMI M82.0423 © SEMI 2023 5 7 ‘SEMI M92-0423 © SEM 2023 ‘SEM| M32.0423 © SEMI 2023 8
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7.2 Given thelack of standard reference materials, it is advisdble that the supplier and the customer exchange samples 8 Sampling
”' &1L STM E122 shall be the sampling plan., W ified, appropriate
sample sizes shall be selected from cach kot in accordance with ANSYASQ Z14. Each quality chamcteristic shall be

Table 12 Parameter and Recommendad Test Mathod

SEMI M92-0423 © SEMI 2023

assigned an acceptable quality level {(AQL) or lot total percent defeetive (LTPD) value in aceordance with ANSIASQ

. 1.4 definitions for eritical, major and minor chissifications. If desired and so specified in the contract or arder, each
Caiegory Pammenr Test Metlnd of these classifications may altematively be assigned cumulative AQL or LTPD values Inspection levels shall be
Palype None &6 yet agreed upon between the supplier and the customer.
Conductivity Type( Dopura) None a5 vet 9 Contification
Dismcter SEMIMF2074
9.1 Uponrequest in ord or supplicr’s certification that the material
hiknes SEMIMPAS or S MELSY tesed it hi together with a report of the test resulis, shall be
Sur face Ori SEMI MF: A furnished at fhe time of shipment.
ey SO 9.2 The customer and suppl that the material shall be certified as ‘capsble of meeting’ certai
e customer and supplier may agree rial centified as ‘capable of meeing” certain
Pringary FlatLength SEMIMF671 requirements. In this context, ‘eapable of meeting’ shall signify fhat the supplier is not required io perfom the
Primaary Flat Orientut SEMIMFS47 appropriate tests in §§ 6 and 7, bawever, i the customer perfoms the test and the material fals to meet the requirement,
Secondary it Lengh, SEMIMEGTT the material may be subjeet to rejection.
Subsrate Secontary Hlat On SEMIMFSA7 10 Packing and Labsling
— Dictermine by 3 sacthod agreed upon between the
Mictopipe Density supplier and the purchaser 10.1 Special packing and marking requirements shall be subject to agreement between the supplier and the cusiomer.
KOH Bxched Surfce, SEML MS3 and SEMT M1 ory Otherwise, allthe vafers shall be handled, inspected, and packed in such @ manner as o avoid chipping, ssraches,
Dishcation EichPi Density amethod aeed tyan between the surpl and contamination inaccordance with the best indusiry praciices to provide sample protection against damage during
purchaer shipment
GBIR SEMIMF1S30 10.2 The wafers shall be Mentified by appropriately labeling the outside of cach box or other container and cach
SEIR SEMIMF1S30 subdivision thercof in which it may reasonsbly be expocted that the wafers will be stored prior to further processing.
SEMI MF1390 Wentification shall include as a minimum the nominal diameter, conductive dopant (structure), quantity, and lot
SEMIMFL00 number
None &5 yet 11 Related Documents.
B layer :msyu VL1 SEM Standards and Guidelines
lore = yet
v— SEMI MF154 — Guide for Identification of Structures and Contam inants Seen on Speeular Silicon Sufaces
None s et SEMI MF928 — Test Method for Edge Contour of Circular Semiconductor Waférsand Rigid Disk Subsirates
None =5 yet SEMI TS — Specification for Alphanumeric Marking of Round Compound Semiconducior Wafers
SEMIMF 302 o equivalent
SEMIMEDS NOTICE: SEMI makes 1 Warrantics or representations s 1o fie suitability of fie Staxdards and Safety Guidelines
Determine by 3 M‘:‘.}ﬁ“ upon between the set forihherein for any particular application, The determ ination of the suitability of the Standard or Safety Guideline
supplier S is solely the responsibility of the user. Users are cautioned to refer 1o manufacturer’s instnetions, product labels,
SEMIMFS23 product data sheets, and literature, materials or i in. Standards
Epitaxial laver SEMI M40 and § o change
SEMIMES23 By publication of this Standard or Safety Guideline, SEMI tkesno position respecting the validity of any paientrights
SEMIMFS23 or copyrights in connection with any items mentioned in this Standard or Safety Guideline, Users of this
SEMIMES23 Sundard or Safety Guideline are ex pressly adv ised that determination of any such patent rights or copyrights and fie
GBIR SEMIMF1530 sk of
SEIR SEMIMF1S30
Warp SEMIMFI1300
Baw SEMIMFI300

SEMI M32-0423 © SEMI 2023 10 Copyright by SEMIE, 675 5. Milpins Hhal, Milpius, CA
95035, Reproducion of the camenms in whole o in purt is
fhidden withoun express writtn comsers of SEML.
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