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Document 4689- [Revision V12 160826 / proof for balloting]
SPECIFICATION FOR POLISHED MONOCRYSTALLINE SILICON CARBIDE WAFERS
The prior edition of this standard was approved for publication by the global Audits and Reviews Subcommittee on December 20, 2007. Originally published March 2003.
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1  Purpose

1.1  These specifications cover substrate requirements for monocrystalline high-purity silicon carbide wafers of crystallographic polytype 6H and 4H used in semiconductor and electronic device manufacturing. 

2  Scope

2.1  A complete purchase specification may require the defining of additional physical, electrical, and bulk properties. These properties are listed, together with test methods suitable for determining their magnitude where such procedures are documented.

2.2  These specifications are directed specifically to silicon carbide wafers with one or both sides polished. Unpolished wafers or wafers with epitaxial films are not covered; however, purchasers of such wafers may find these specifications helpful in defining their requirements.

2.3  The material is Single Crystal Silicon Carbide (SiC) existing in many crystallographically different polytypes. For the most common polytypes the following properties in Table 1 are listed for use as guidelines.
2.4  This standard addresses three main application areas for SiC substrates:
· High power applications (in this document referred to as “HP”) employing homoepitaxy on conductive substrates

· High frequency applications (in this document referred to as “HF”) employing heteroepitaxy on semi-insulating substrates
· Opto-electronic application (in this document referred to as “OP”) employing heteroepitaxy on conductive substrates

2.5  For referee purposes, SI (System International, commonly called metric) units shall be used.

2.6  Dimensional requirements are provided for the following categories of polished wafers:

· 50.8 mm ROUND POLISHED MONOCRYSTALLINE 4H AND 6H SILICON CARBIDE WAFERS

· 76.2 mm ROUND POLISHED MONOCRYSTALLINE 4H AND 6H SILICON CARBIDE WAFERS

· 100.0 mm ROUND POLISHED MONOCRYSTALLINE 4H AND 6H SILICON CARBIDE WAFERS

· 150.0 mm ROUND POLISHED MONOCRYSTALLINE 4H AND 6H SILICON CARBIDE WAFERS

NOTICE: This standard does not purport to address safety issues, if any, associated with its use. It is the responsibility of the users of this standard to establish appropriate safety and health practices and determine the applicability of regulatory or other limitations prior to use.

3  Referenced Standards and Documents

3.1  SEMI Standards
SEMI M1 ( Specification for Polished single crystal Silicon Wafers 

SEMI M59 ( Terminology for Silicon Technology

SEMI M81 ( Guide to Defects Found on Monocrystalline Silicon Carbide Substrates

SEMI M83 — Test Method for Determination of Dislocation Etch Pit Density in Monocrystals of III-V Compound Semiconductors

SEMI M87 — Test Method For Contactless Resistivity Measurement of Semi-Insulating Semiconductors
SEMI MF26 —Test Method for Determining the Orientation of a Semiconductive Single Crystal

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

SEMI MF523 —Practice for Unaided Visual Inspection of Polished Silicon Wafer Surfaces

SEMI MF533 —Test Method for Thickness and Thickness Variation of Silicon Wafers

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

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

SEMI MF847 —Test Methods for Measuring Crystallographic Orientation of Flats on Single Crystal Silicon Wafers by X-Ray Techniques

SEMI MF928 —Test Methods for Edge Contour of Circular Semiconductor Wafers and Rigid Disk Substrates

SEMI MF1390 —Test Method for Measuring Bow and Warp on Silicon Wafers by Automated Noncontact Scanning

SEMI MF1530 —Test Method for Measuring Flatness, Thickness, and Total Thickness Variation on Silicon Wafer by Automated Non-contact Scanning

SEMI MF2074 —Guide for Measuring Diameter of Silicon and Other Semiconductor Wafers 
SEMI T5 — Specification for Alphanumeric Marking of Round Compound Semiconductor Wafers
3.2  ASTM Standards

ASTM E122 ( Standard Practice for Calculating Sample Size to Estimate, With a Specified Tolerable Error, the Average for Characteristic of a Lot or Process

ASTM F1404 — Test Method for Crystallographic Perfection of Gallium Arsenide by Molten Potassium Hydroxide (KOH) Etch Technique
3.3  Other Standards
ANSI/ASQC Z1.4 — Sampling Procedures and Tables for Inspection by Attributes

NOTICE: Unless otherwise indicated, all documents cited shall be the latest published versions.

4  Terminology

Many definitions and terms not given in this section can be found in SEMI M81, SEMI M81 and SEMI MF154.

4.1  Definitions
4.1.1  crystallite — any part of the wafer, having an arbitrary orientation of its crystallographic axis in respect to the monocrystalline part of the wafer.

4.1.2  dopant ( a chemical element, usually from the third or fifth column of the periodic table for the case of IV-IV compounds, incorporated in trace amounts in a semiconductor crystal to establish its conductivity type and resistivity.

4.1.3  edge contouring ( on wafers whose edges have been shaped by mechanical and/or chemical means, a description of the profile of the boundary of the wafer joining the front and back sides.

4.1.4  edge exclusion (EE) ( the distance from the FQA boundary to periphery of a wafer of nominal dimensions. See definition of fixed quality area below. 

4.1.5  fixed quality area (FQA) — the central area of a wafer surface, defined by a nominal edge exclusion, EE over which the specified values of a parameter apply. Because the nominal edge exclusion relates to the nominal diameter of a wafer, the size of the FQA is independent of wafer diameter and flat length tolerances.
4.1.6  lot ( for the purpose of this document, (a) all of the wafers of nominally identical size and characteristics contained in a single shipment, or (b) subdivisions of large shipments consisting of wafers as above which have been identified by the supplier as constituting a lot.

4.1.7  micropipe ( small hollow tube basically parallel to the crystallographic c-axis and extending typically through larger parts of the crystal boule and thus affecting several neighboring wafers. Micropipes may be generated at bulk defects e.g. inclusions, polytype defects or crystallites. (See SEMI M81 for examples).
4.1.8  orthogonal misorientation ( in {0001} wafers cut intentionally “off-orientation”, the angle between the projection of the vector normal to the wafer surface onto the {0001} plane and the projection on that plane of the specified direction of tilt in the {0001} plane (see Figure 2).

4.1.9  planar defect ( small cavity in a SiC bulk crystal with large width-to-height ratio roughly parallel to the {0001} lattice plane. The lateral boundaries are parallel to crystallographic directions. Often one or more micropipes are connected to a planar defect. (see SEMI M81 for examples)
4.1.10  polytype ( one possible crystallographic modification of a substance which shows the phenomenon of polytypism. All polytypes of a substance have the same lattice layers with nearly the same lattice constant in common. However the stacking sequence of these layers differs between different polytypes. Most commonly polytypes are named after a suggestion of Ramsdell
: A symbol like 6H gives the number of layers in one periodic stacking sequence (2, 3, 4, ... ) and the symmetry of the resulting crystal (H = hexagonal, R = rhombohedral, C = cubic). The most common polytypes of SiC are 6H, 4H, 15R, 3C.

4.1.11  off-orientation (  the tilt angle between the crystallographic c-axis and the wafer surface normal (see Figure 2)

4.1.12  total thickness variation (TTV) — the difference between the maximum and minimum of the thickness of a wafer within the fixed quality area. Remark: also known as GBIR (see SEMI M1 Appendix 1, Flatness Decision Tree)
4.1.13  warp ( of a semiconductor slice or wafer, the difference between the most positive and most negative  distances of the median surface of a free, unclamped wafer from a reference plane. Remark: also known as GMLYMER (see SEMI M1 Appendix 3, Shape Decision Tree)
Abbreviations and Acronyms
4.1.14  GBIR — Flatness property. See SEMI M1, Appendix 1, Flatness Decision Tree. Formerly also known as “total indicator reading (TTV)”
4.1.15  SBIR — Flatness property. See SEMI M1, Appendix 1, Flatness Decision Tree. Formerly also known as “local thickness variation (LTV or LTVmax)”
4.1.16  HP - High Power applications employing homoepitaxy on conductive SiC substrates 

4.1.17  HF - High Frequency applications employing heteroepitaxy on semi-insulating SiC substrates

4.1.18  OP - Opto-electronic application employing heteroepitaxy on conductive SiC substrates
5  Ordering Information

5.1  Purchase orders for silicon carbide wafers furnished to this specification shall include the following items (see table 11 for a list of possible specifications):

· Polytype,
· Dopant and conductivity type (see table 11),
· Nominal diameter (see Table 6 and Table 7 and Table 8),
· Thickness (see Table 6 and Table 7 and Table 8),
· Primary Flat length (only 150mm diameter, see table 8),
· Polarity of the Front (device) Surface,
· Surface Orientation (see table 10),
· Primary Flat Orientation Tolerance (only 100mm and 150mm diameter),
· Orthogonal Misorientation Tolerance (only 100mm and 150mm diameter),
· Edge shape template (only 150mm diameter)
· Resistivity (see Table 2),
· Etch pit density,
· Micropipe density,
· Lot Acceptance Procedures (see § 8),

· Certification (see § 9), and

· Packing and Marking (see § 10).

6  Requirements 
6.1  General Characteristics

6.1.1  The crystal growth method shall be agreed upon by customer and supplier.
6.2  Electrical Characteristics 
6.2.1  Electrical requirements are shown in Table 2. 
6.3  Structural Characteristics 

6.3.1  Standard Defect Limits 

6.3.1.1  The material shall conform to the crystallographic orientation details as specified in Table 10.

6.3.1.2  Flats and notches shall conform to the requirements of § 6.4.1 

6.3.2  Surface Defects
6.3.2.1  The material shall conform to the requirements of Table 4 (see also Figure 3).
6.3.2.2  Minimal conditions or dimensions for surface defects are stated below. These limits shall be used for determining wafer acceptability; anomalies smaller than these limits shall not be considered as defects.

6.3.2.3  Surface Defect Definitions:

6.3.2.3.1  Edge Chip and Indent — Any edge anomaly including saw exit marks conforming to the definition 
[SEMI MF154] and greater than 0.25 mm in radial depth and peripheral length.
6.3.2.3.2  Orange Peel — Any visually detectable roughened surface conforming to the definition [SEMI MF154] and observable under diffused illumination. Pits with a spacing of less than 2 mm are also treated as orange peel.

6.3.2.3.3  Particles — Distinct particles resting on the surface which are revealed under collimated intense light as bright points.

6.3.2.3.4  Pit — Any individually distinguishable depression in the surface with a length-to-width ratio smaller than 5:1, visible when viewed under intense illumination.

6.3.2.3.4.1    This definition is different from SEMI MF154 in so far as the slope of the sides of the depression are not taken into account.

6.3.2.3.5  Scratch — Any anomaly conforming to the definition [SEMI MF154] and having a length-to-width ratio greater than 5:1 and visible under intense illumination. 

6.3.3  Bulk Defects 
6.3.3.1  The material shall conform to the requirements of Table 4 (see also Figure 3).
6.3.3.2  Bulk Defect Definitions

6.3.3.3  Crack — Any anomaly conforming to the definition [SEMI MF154] and greater than 0.25 mm in total length.

6.3.3.4  Crystallite — Any anomaly conforming to the definition (see § 4.1.1) and having a misorientation of more than 1° to the main (monocrystalline) part of the wafer and having a maximum width larger than 0.20 mm.

6.3.3.5  Micropipe — Any anomaly conforming to the definition (see § 4.1.7) and visible by microscopic inspection in transmission mode at a magnification of 100× or after etching in molten KOH, which will reveal micropipes as hexagonal structures. (see also SEMI M81)
6.3.3.5.1    For microscopic inspection the use of crossed polarizers is recommended. However not all micropipes will be visible under crossed polarizers.

6.3.3.6  Planar Defect — Any anomaly conforming to the definition (see § 4.1.9) having a maximum width larger than 0.20 mm.

6.4  Wafer Preparation Characteristics

6.4.1  Wafer Flat System

6.4.1.1  For silicon carbide wafers with the surface normal close to the crystallographic c-axis (small tilt angles, see Figure 2) one primary orientation flat and depending on the application and diameter one secondary flat is specified. For high-frequency applications a notch replacing the primary flat may also be specified. The primary flat always has a greater flat length compared to the secondary flat, if present (see Figure 4).
6.4.1.2  The angle between primary and secondary flat is always 90° (see Figure 5). For the tolerance see Table 10.

6.4.1.3  The polarity of the wafer surfaces is indicated by the relative flat positions of primary and secondary flat as shown in Figure 5. In the case of no secondary flat or of a notch the lasermark on the backside indicates the polarity.
6.4.1.4  The edge of the primary flat is always parallel to the [11-20] direction (or, equivalently, parallel to the (1-100) lattice plane), the line from wafer center to the notch is always parallel to the [1-100] direction, respectively. For tolerances see the Table 10.

6.4.1.5  For the exact dimensions of the flat length and the tolerances see Table 6, Table 7 or Table 8 respectively. Notch dimensions are specified in Fig. 10.
6.4.2  Wafer ID Marking

6.4.2.1  The wafers supplied under these specifications shall be identified by an individual laser marking consisting of the supplier assigned lot-number on the backside of each wafer. See SEMI T5 for the standard criteria for alphanumeric marking of SiC wafers.
6.4.3  Edge Contouring

6.4.3.1  If edge contoured wafers are specified on the purchase order, the profile shall conform to the following requirements at all points on the wafer periphery and given by Table 5.
6.4.3.2  When the wafer is aligned with the SEMI Wafer Edge Profile Template (see Figure 6) so that the x-axis of the template is coincident with the wafer surface and the y-axis of the template forms a tangent with the outermost radial portion of the contour, the wafer edge profile must be contained within the clear region of the template (see Figure 7 for example of acceptable and unacceptable contours). 

6.4.3.3  Cosmetic attributes of the edge contour are not covered by this specification. They shall be agreed upon between supplier and purchaser.

6.5  Dimensional Characteristics – see Table 6 and Table 7 and Table 8.

7  Sampling

7.1  Unless otherwise specified, ASTM E122 shall be used. When so specified, appropriate sample sizes shall be selected from each lot in accordance with ANSI/ASQC Z1.4. Each quality characteristic shall be assigned an acceptable quality level (AQL) or lot total percent defective (LTPD) value in accordance with ANSI/ASQC Z1.4 definitions for critical, major and minor classifications. If desired and so specified in the contract or order, each of these classifications may alternatively be assigned cumulative AQL or LTPD values. Inspection levels shall be agreed upon between the supplier and the purchaser.

8  Test Methods

Note 1:  SiC wafers are extremely fragile. While the mechanical dimensions of a wafer can be measured by use of tools such as micrometer calipers and other conventional techniques, the wafer may be damaged physically in ways that are not immediately evident. Special care must therefore be used in the selection and execution of measurement methods.

8.1  Test Plan for Crystal Quality within One Crystal ( Determine by a method agreed upon between the supplier and purchaser.

Note 2:  The assessment of the crystal quality is a problem of great practical impact as it can be very time consuming and costly or even impossible in the case of destructive test methods to test every wafer. However in general crystal quality does not change abruptly in a crystal. The evaluation of a subset of all wafers from a given crystal will give sufficient information about the quality of the whole crystal.

8.2  Polytype ( For nominally low doped or undoped material (n < 1017/cm3) determine by visual inspection at 77K (liquid nitrogen) under UV excitation. For doped material (n > 1017/cm3) determine by visual inspection of the colors of the doped material under diffuse lighting conditions – see Table 9.
8.3  Test Methods for SiC Wafer Specification and Order Entry – see Table 11.
9  Certification

9.1  Upon request of the purchaser in the contract or order, a manufacturer’s or supplier’s certification that the material was manufactured and tested in accordance with this specification together, with a report of the test results, shall be furnished at the time of shipment.

9.2  In the interest of controlling inspection costs, the supplier and the purchaser may agree that the material shall be certified as “capable of meeting” certain requirements. In this context, “capable of meeting” shall signify that the supplier is not required to perform the appropriate tests in §6 to §8. However, if the purchaser performs the test and the material fails to meet the requirement, the material may be subject to rejection.

10  Packaging and Marking

Special packing and marking requirements shall be subject to agreement between the supplier and the purchaser. Otherwise, all wafers shall be handled, inspected, and packed in such a manner as to avoid chipping, scratches, and contamination in accordance with the best industry practices to provide ample protection against damage during shipment. 

10.1  The wafers shall be identified by appropriately labeling the outside of each box or other container and each subdivision thereof in which it may reasonably be expected that the wafers will be stored prior to further processing.  Identification shall include as a minimum the nominal diameter, conductive dopant, orientation, resistivity range, and lot number.

10.2  The lot number, either (1) assigned by the original manufacturer of the wafers, or (2) assigned subsequent to slice manufacture but providing reference to the original lot number, shall provide easy access to information concerning the fabrication history of the particular wafers in that lot. Such information shall be retained on file at the manufacturer's facility for at least 10 years or as negotiated between vendor and user after that particular lot has been accepted by the purchaser.

NOTICE: SEMI makes no warranties or representations as to the suitability of the standard(s) set forth herein for any particular application. The determination of the suitability of the standard(s) is solely the responsibility of the user. Users are cautioned to refer to manufacturer’s instructions, product labels, product data sheets, and other relevant literature respecting any materials or equipment mentioned herein. These standards are subject to change without notice.

[image: image9.png]By publication of this standard, Semiconductor Equipment and Materials International (SEMI) takes no position respecting the validity of any patent rights or copyrights asserted in connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of any such patent rights or copyrights, and the risk of infringement of such rights are entirely their own responsibility.

APPENDIX 1   Tables

Table 1 Common Properties
 
	Polytype
	4H
	6H

	 Lattice
 Parameter
a
	
3.076 Å
	
3.073 Å

	
c
	10.053 Å
	15.117 Å

	 Stacking
 Sequence
	ABAC
	ABCACB

	 Density
	3.21 g/cm3
	3.21 g/cm3

	 Melting Point
	chemical decomposition above ca. 2800°C
	chemical decomposition above ca. 2800°C

	 Dielectric
 Constant
	9.7
	9.7

	 Energy Gap
	3.27 eV
	3.02 eV


Table 2 Electrical Requirements (all diameters)
	Property
	Dimension
	Tolerance
	Units
	Application

	Specific Resistivity

(all points of multi-point measurements, see table 3)
	0.020
	( 0.005
	Ω•cm
	High-power application (HP)

	
	> 105
	
	Ω•cm
	High-frequency application (HF)

	
	0.080
	( 0.025
	Ω•cm
	Opto-electronic application (OP)


Table 3 Definition of Electrical Measurement Positions

	Position
	Application
	Diameter

	Grid
	Center
	Radius 1 [mm]
	Radius 2 [mm]
	HP
OP
	HF
	50.8
mm
	76.2
mm
	100
mm
	150
mm

	3 points #A
	●
	15.0
	n/a
	●
	
	●
	
	
	

	5 points #B
	●
	25.0
	n/a
	●
	
	
	●
	
	

	5 points #B
	●
	37.5
	n/a
	●
	
	
	
	●
	

	9 points #B
	●
	25.0
	50.0
	●
	
	
	
	
	●

	“Full” area map #C
	
	
	
	
	●
	●
	●
	●
	●


#A: only points at secondary flat and opposite are measured

#B: each radius with 4 points (towards primary flat, towards secondary flat, opposite primary flat, opposite secondary flat)

#C: dimensions of grid elements: recommended 1x1mm2 or 2x2 mm2

Table 4 Surface and Bulk Defect Limits
	Item
	Characteristics
(property type)#6
	50.8 mm wafers
	76.2 mm wafers
	100 mm wafers
	150 mm wafers
	Test Condition / 

Region #1
	Note
#4

	0
	edge exclusion
	1 mm
	1 mm
	3 mm
	3 mm
	(definition) (see § 4.1.4)
	#2

	Front Surface
	

	1
	visible scratches (number/length)
	none
	none
	(5 scratches, cumulative length 
< 100 mm
	cumulative length 
 < 150 mm 
	high intensity, unaided eye / FQA
	#1

	2
	pits (area) 
(individual pits + orange peel)
	Treated as area
	Treated as area
	Treated as area
	Treated as area
	high intensity + diffuse, unaided eye / FQA
	#1

	3
	surface and crystal imperfection (area) by applying a border of 2mm around each defect
	(10%
	(10%
	(10%
	(10%
	unaided eye / 
FQA
	

	4
	particles (number)
	4
	6
	10
	15
	high intensity, unaided eye / FQA
	#1

	5
	edge chips and indents (number)
	(3 with maximum length and width 1.0 mm
	(3 with maximum length and width 1.0 mm
	(2 with maximum length and width 0.5mm
	(2 with maximum length and width 0.5mm
	unaided eye
	

	6
	surface roughness (rms)
	Defined by customer and supplier
	Defined by customer and supplier
	Defined by customer and supplier
	Defined by customer and supplier
	Defined by customer and supplier
	

	Back surface
	#3

	7
	edge chips (number)
	(3 with maximum length and width 1.0 mm
	(3 with maximum length and width 1.0 mm
	(2 with maximum length and width 0.5mm
	(2 with maximum length and width 0.5mm
	unaided eye
	

	8
	visible scratches (number)
	defined by customer and supplier
	high intensity, unaided eye / FQA
	

	9
	visible surface inhomogeneity
	defined by customer and supplier
	defined by customer and supplier
	#2

	Bulk
	

	10
	cracks (number)
	none
	diffuse, unaided eye / full wafer
	

	11
	micropipes (mean density) 
/
pinholes
	(100/cm2
	defined by customer and supplier
	defined by customer and supplier
	defined by customer and supplier
	defined by customer and supplier / FQA
	#4

	12
	planar defects, 
spacing
	(10%
	(10%
	(10% 


	(10% 

	diffuse, unaided eye / FQA
	#1

	13
	crystallite (area)
	(5%
	(5% 
	(5%
	(5%
	diffuse, polarizers / FQA
	#1

	14
	foreign polytypes (area)
	(10%
	(10%
	(2%
	(2%
	Diffuse / FQA
	#1

	15
	Etch pit density: all etch pit types (EPD in 1/cm2)
	Not specified
	Not specified
	To be defined by customer and supplier
	To be defined by customer and supplier
	
	

	16
	Etch pit density: basal plane dislocation density (BPD in 1/cm2)
	Not specified
	Not specified
	To be defined by customer and supplier
	To be defined by customer and supplier
	
	

	Cumulative Defect Area
	

	17
	Total of all listed defects of type “area”
	(10%
	(10%
	(10%
	(10%
	
/ FQA
	#1


#1  The measurement of defect areas is to be conducted by a grid method, grid size to be defined by customer and supplier, recommended grid size is = 2mm x 2mm

#2 The Edge-Exclusion X (see Figure 1). Valid for all items marked FQA.

#3 The back side finish properties are not specified.

Target value for all properties is 0% or 0 respectively, if not stated otherwise. Upper limits are included in permitted range, i.e..”lower or equal” is implied
Table 5 Dimensions and Coordinates of Points A to D for edge profile template - see Figures 6 and 7 (all diameters)
	T/3 Template
	
	T4/ Template

	Point
	x
	y
	
	Point
	x
	y

	
	m
	m
	
	
	m
	m

	A
	  76
	0
	
	A
	  76
	0

	B
	508
	0
	
	B
	508
	0

	C
	 50
	#6 T/3
	
	C
	 50
	#6 T/4

	D
	   0
	76
	
	D
	   0
	76


#4 Cosmetic attributes of the edge contour are not covered by this specification. They shall be agreed upon between supplier and purchaser.

#5 The y-coordinate of point C is 1/3 the nominal wafer thickness, execpt for 150mm diameter high power application with thickness 500µm where it is 1/3 or 1/4 the nominal thickness, see table 6, table 7 and table 8 for the appropriate value.
Dimensional and Tolerance Characteristics of 2-inch and 3-inch Silicon Carbide wafers with Secondary Flat 
	Nominal Diameter
	50.8mm (2 inch)
	76.2mm (3 inch)
	

	
	Property
	Dimension
	Tolerance
	Dimension
	Tolerance
	Units
	Note

	
	Diameter
	50.8
	(0.25
	76.2
	(0.25
	mm
	

	
	Primary Flat Length
	15.8
	(1.6
	22.0
	(2.0
	mm
	

	
	Secondary Flat Length
	8.0
	(1.6
	11.0
	(1.5
	mm
	

	
	GMLYMER (Warp)
	0
	( 25
	0
	( 25
	µm
	

	
	GBIR (Total Thickness Variation)
	0
	( 10
	0
	( 15 
	µm
	

	
	SBIR (Local Thickness Variation)
	0
	( 5
	0
	( 5
	µm
	

	
	Thickness
	250
	(25
	n.a.
	n.a.
	µm
	For opto-electronic applications (OP)

	
	
	380
	(25
	350
	(25
	µm
	for high power and high frequency applications (HP & HF)

	
	Edge profile Coordinate Cy

(T/3 template) (see table 5)
	83
	
	83
	
	µm
	For 250µm thickness

	
	
	126
	
	126
	
	µm
	For 380µm thickness


Note: Edge profile Coordinate T/4 Template is not specified

Table 6 Dimensional and Tolerance Characteristics of 100-mm Silicon Carbide wafers with Secondary Flat

	
	Property
	Dimension
	Tolerance
	Units
	Note

	
	Diameter
	100.0
	+0/-0.5
	mm

mm
	Option 1

	
	
	
	(0.5
	
	Option 2

	
	Primary Flat Length
	32.5
	(2.0
	mm
	

	
	Secondary Flat Length
	18.0
	(2.0
	mm
	

	
	GMLYMER (Warp) 
	0
	( 40
	µm
	

	
	GBIR (Total Thickness Variation) 
	0
	( 15
	µm
	

	
	SBIR (Local Thickness variation)
	0
	( 5
	µm
	On 10x10mm field,

edge exclusion to be agreed by customer and supplier

	
	Thickness 
	350
	(25
	µm
	for high power applications (HP)

	
	
	500
	(25
	µm
	for high frequency applications (HF)

	
	Edge profile Coordinate Cy

(T/3 template) (see table 5)
	116
	
	µm
	For 350µm thickness

	
	
	166
	
	µm
	For 500µm thickness


Note: Edge profile Coordinate T/4 Template is not specified
Table 7 Dimensional and Tolerance Characteristics of 150-mm Silicon Carbide wafers
	
	Property
	Dimension
	Tolerance
	Units
	Note

	
	Diameter
	150.0
	(0.20
	mm
	

	Option 1
	Primary Flat Length 
	47.5
	(2.5
	mm
	Lasermark is left-aligned within marking window 

Only for high power application (HP)

	
	Secondary Flat Length
	“No flat”
	( 0.25
	mm
	

	Option 2
	Primary Flat Length 
	57.5
	(2.5
	mm
	Lasermark is centered within marking window

Only for high power  application (HP)
Use of this option is depreciated for new developments

	
	Secondary Flat Length
	20.0
	(5.0
	mm
	

	Option 3
	Notch
	See Figure 10
	Only for high frequency application (HF)

	
	GMLYMER (Warp)
	0
	( 60
	µm
	

	
	GBIR (Total Thickness Variation)
	0
	( 15
	µm
	

	
	SBIR (Local Thickness Variation)
	0
	( 5
	µm
	On 10x10mm field,

edge exclusion to be agreed by customer + supplier

	Option 1
	Thickness
	350
	(25
	µm
	Only for high power applications (HP)

	
	Edge profile Coordinate Cy (see table 5)
	116
	
	µm
	T/3 Template

	Option 2
	Thickness
	500
	(25
	µm
	Only for high power applications (HP) and high frequency applications (HF) 

	
	Edge profile Coordinate Cy (see table 5)
	125
	
	µm
	T/4 Template


#6 Lasermark is always within marking window defined in SEMI T5.
Table 8 Identification of polytype and dopant by appearance

	Polytype
	Dopant
	Conductivity type
	Appearance

	4H
	nitrogen
	n-type
	brown or dark green-brown

	6H
	nitrogen
	n-type
	green 

	4H
	aluminum
	p-type
	blue or gray-blue

	6H
	aluminum
	p-type
	blue or gray blue

	4H
	vanadium
	s.i.
	colorless

	6H
	vanadium
	s.i.
	colorless

	4H
	high-purity undoped
	s.i.
	colorless

	6H
	high-purity undoped
	s.i.
	colorless

	3C (cubic)
	
	
	yellow or yellow-orange

	3C (cubic) 
	none
	s.i.
	colorless

	15R
	nitrogen
	
	yellow 


Please note, that the mere appearance does not allow a safe identification of polytype and dopant in all cases.
Table 9 Orientation and Flat Location Requirements

	Application
	Property
	Dimension
	Tolerance
	Unit
	Applicable for Wafer diameter

	HP
	OP
	HF
	
	
	
	
	50.8 mm
	76.2 mm
	100
mm
	150
mm

	
	
	
	Surface Orientation #8, #9,
	
	
	
	
	
	
	

	
	●
	●
	
	 Option 1: ”on axis”
	0.00
	+0.25
	deg
	●
	●
	●
	●

	●
	
	
	
	 Option 2: “off axis [11(20]”
	4.0
	( 0.5
	deg
	●
	●
	●
	●

	●
	
	
	
	 Option 3: “off axis [11(20]”
	8.0
	( 0.5
	deg
	●
	●
	
	

	●
	
	
	Orthogonal Misorientation #8
(only applicable for off axis)
	See figure 2 and 8
	(5
	deg
	●
	●
	●
	●

	●
	
	
	
	
	(10
	deg
	
	
	●
	●

	●
	●
	●
	Primary Flat Orientation#10

	Flat parallel to [11(20] direction
	(1
	deg
	●
	
	
	

	●
	●
	●
	
	
	(2
	deg
	
	●
	●
	●#12

	●
	●
	●
	
	
	(5
	deg
	
	
	●
	●#12

	
	
	●
	Notch Location,  #11
	Centerline through notch parallel to [1(100] direction 
	(5
	deg
	
	
	
	●

	●
	●
	●
	Secondary Flat Orientation#10
	Relative to Primary Flat 
	(5
	deg
	●
	●
	●
	● 


#7 [image: image10.png] See figure 2 for definition: The frame of reference is the (0001)-plane of the crystal. It is the wafer normal on the silicon-face that is tilted parallel to edge of primary flat away from secondary flat towards the given crystallographic direction. That means that the crystallographic c-axis is located between the secondary flat and the silicon-face surface normal vector (see figures 8 and 9). 

#8  Measured at the center of the wafer.

#9 See figure 5 for definition. Only applicable if Secondary Flat is present (see table 8).
#10 See figure 5 for definition, see figure 10 for dimensional requirements
#11 not for HF Application
Table 10 Test Methods for SiC Wafer Specification and Order Entry

	Item (* = required ordering Information)
	Order Entry Options
	Test Method

	Growth Method
	As agreed by supplier and purchaser
	

	Polytype *
	· 4H

· 6H
	

	Dopant *
	· N (n-conductive)

· “semi-insulating” – dopant as agreed by supplier and purchaser
	

	Diameter *
	· 50.8mm

· 76.2mm

· 100mm +0.0-0.5mm

· 100mm (0.5mm

· 150mm
	SEMI MF2074

	Thickness, center point *
	· 250µm

· 380µm

· 350µm

· 500µm

Please refer to tables 6 to 8 for possible combinations of thickness, diameter and application.
	SEMI MF533 or SEMI MF1530

	Primary Flat length*
	Only 150mm: 

· 47.5mm without secondary flat

· 57.5mm witt secondary flat

· Notch (only HF application)
See table 8 for possible applications
	SEMI MF671 (flat length)

	GMLYMER (Warp) 
	
	SEMI MF1390  #13

	GBIR (Total Thickness Variation)
	
	SEMI MF1530

	SBIR (Local Thickness Variation)
	
	SEMI MF1530

	Surface Polarity *
	Si (fixed)
	Determine by a method agreed upon between the supplier and the purchaser #14

	Surface Orientation *
	· 0 deg (on axis)

· 4 deg off

· 8 deg off 

See table 10 for possible diameters and applications
	SEMI MF26

	Primary Flat Orientation *
	Parallel to [11-20] (fixed)

for diameter 50.8mm: Tolerance ±1deg (fixed)

for diameter 76.2mm: Tolerance ±2deg (fixed)

For Diameter 100mm and 150mm:

· Tolerance (2 deg
· Tolerance (5 deg
	SEMI MF847

	Orthogonal Misorientation#15 *
	for diameter 50.8mm and 76.2mm: Tolerance ±5deg for  (fixed)

For Diameter 100mm and 150mm:

· Tolerance (5 deg
· Tolerance (10 deg
	Determine by a method agreed upon between the supplier and the purchaser

	Surface Defects and Contamination
	
	SEMI MF154, SEMI MF523 or by a method agreed upon between the supplier and the purchaser

	Edge Contour 
	For Diameter 150mm:

· Edge shape template T/3

· Edge shape template T/4
	SEMI MF928

	Resistivity *
	conductive wafers
	SEMI MF673  #16

	
	high-resistivity or semi-insulating material
	SEMI M87 #16

	Etch Pit Density *
	As agreed by supplier and purchaser
	ASTM F1404 or SEMI M83 (etching procedure #17) and SEMI M81 (etch pit classification) or by a method agreed upon between the supplier and the purchaser

	Micropipe Density *
	As agreed by supplier and purchaser
	Determine by a method agreed upon between the supplier and the purchaser

	Crystal Perfection *
	As agreed by supplier and purchaser
	Determine by a method agreed upon between the supplier and the purchaser


#12 SEMI MF1390 is an automated, non-contact method which provides for correction of the wafer deflection due to gravitational effects. The scan pattern covers the entire fixed quality area. SEMI MF1390 employs a median surface reference plane and is not susceptible to interferences from thickness variations. 

#13 There are several destructive and non-destructive methods. Most common examples are a chemical etch of the surface (destructive), by comparing the differently reacting carbon and silicon faces, and wet oxidation (non-destructive) by comparing the different growth rates on both surfaces by measuring the oxide layer thickness.

#14 Applies to off-axis material only

SEMI MF673 is an eddy-current non-contact method and is limited to some 102 ·cm. SEMI M87 is a non-contact capacitive method suitable for the range 105 to 1011 ·cm.

#15 ASTM F1404 was intended only for use with gallium arsenide and SEMI M83 for III-V compound materials. Nevertheless they should serve as a guideline for determining the etch pit density of silicon carbide. 

APPENDIX 2   Figures
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Figure 1 
Fixed Quality Area
[image: image2.wmf]Vector Normal to 

Wafer Surface

Orthogonal

Misorientation

Crystallographic c-Axis

<0001>

Tilt Angle

{0001} -Plane

Projection of Wafer Surface Normal 

on the {0001} -Plane

Specified Direction of Tilt

(in {0001} -Plane)

Tilt Angle

{0001} Plane

Wafer


Figure 2 
Orthogonal Misorientation
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Figure 3 
Depth and length of edge chip and indent
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Figure 4 
Flat Length of Primary Orientation Flat and Secondary Flat
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Figure 5 
Relation of Lattice Sites, Crystallographic Planes and Flats (flat length not to scale)
The position of the secondary flat is shown for view on the Silicon face
If a notch is specified it replaces the Primary Flat.
For the exact dimensions and tolerances of primary and secondary flats see Table 5 and Table 6.




SEMI Wafer Edge Profile Template



Figure 6 
Examples of Acceptable and Unacceptable Wafer Edge Profiles

[image: image6.emf]Secondary flat

Si-face up

Normal vector to

wafer surface

Crystallographic

c-axis

C-face up


Figure 7 
Definition of the Direction of the Tilt Angle off axis (11-20)
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Figure 8 
Direction of tilt (11-20) 

[image: image8.emf]
Figure 9 
Notch Dimensions

NOTE: The pin shown in the outline on this figure is used to align the notched wafer in a fixture during use. The pin is also to reference the notched wafer during testing for notch dimensions and dimensional tolerances. The notch dimensions shown in the figure assume a 3 mm diameter for this alignment pin.
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