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SILICON CARBIDE MATERIAL PROPERTIES*

Property 4H-SiC, Single Crystal
Lattice Parameters 2;5695563'&,&
Stacking Sequence ABCB
Mohs Hardness ~0.2
Density 3.21 g/cm?
Therm. Expansion Coefficient 4-5X10°/K
Refraction Index @750nm 2:2 ggé
Dielectric Constant c~9.66

Thermal Conductivity (N-type, 0.02 ohm.cm)

a~4.2 W/icm-K@298K
c~3.7 Wicm-K@298K

Thermal Conductivity (Semi-insulating)

a~4.9 W/cm-K@298K
c~3.9 W/cm-K@298K

Band-Gap

3.23 eV

Break-Down Electrical Field

3-5X108V/cm

Saturation Drift Velocity

2.0X10°m/s

% Silicon carbide material properties is only for reference.

APPLICATIONS

[1I-V Nitride Deposition
Optoelectronic Devices
High-Power Devices
High-Temperature Devices

High-Frequency Power Devices
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GENERAL DEFINITION
WAA4CDE-XXX

W — Standard

A — Diameter
2 —50.8 mm (2 inch)
4 —100.0 mm (4 inch)
6 — 150.0 mm (6 inch)

4 — 4H-SiC

C — Dopant
N — Nitrogen
S — Semi-insulating

D —Orientation
0 — On-axis
4 — 4° off axis

E — Grade
Z —Zero MPD
P — Product
D — Dummy

X— Silicon face polish
L — Lapping
P — Optical polish
C — CMP, EPI-ready

X — Carbon face polish
L — Lapping
P — Optical polish
C — CMP, EPI-ready

X — Thickness
E — 350 um
F—330 um
B — 500 um
X — Other thickness
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PRODUCT DESCRIPTIONS

Silicon Carbide (SiC) Substrate Orientation

Surface Orientation

The tilt angle between the crystallographic c-axis and vector
normal to wafer surface (see Figure 1).

Orthogonal misorientation

In {0001}wafers intentionally cut “off axis”, the angle between
the projection of the surface normal onto a {0001} plane and the
nearest <1120 > direction.

Off axis (for 4H-N)

4.0° toward <1120 >+0.5°

On axis (for 4H-SI)

<0001>+0.5°

Crystallographic C-Axis Vector Normal to
<0001>

{0001} Plane

Tilt Angle

{0001} -Plane

f Wafer Surface
|
‘u/ /

\

- Tilt Angle

Spegified Direction of Tilt
<1120 >(in {0001} -Plane)

_________ ;I’r * _Orthogonal

\i Misorientation

Projection of Wafer Surface
Normal on the {0001} -Plane

— e —— T

Figure. 1 Orthogonal Misorientation



| _‘___;-E.LLIE

4H N-TYPE SIC SUBSTRATE

The linear dimension across the surface of a wafer. Measure the diameter of wafer

LA SSRGS SR with qualified digital caliper(see Figure 2 and 3).

The flat of the longest length on the wafer, whose crystal surface is parallel with the

PRIMARY FLAT {1010} lattice plane.

The primary flat orientation is always parallel to the <1120 > direction (or, which is the
PRIMARY FLAT llel to the {1010} lattice pl M d with XRD back reflect
ORIENTATION san;e, parallel to the {1010} lattice plane). Measured wi ack reflection
technique.

A flat of shorter length than the primary flat, whose position with respect to the primary

SSSOL AR A flat identifies the face of the wafer. Not applicable to 150mm wafers (see Figure 3).

SISO R/ M AU Silicon face up: The secondary flat orientation is 90° clockwise from the primary flat.

ORIENTATION
MARKING For silicon-face polished material, the carbon face of each individual wafer is laser-
marked with OCR-compatible font (see Figure 2 and 3).
Wafer Wafer
Diameter Diameter -

Y

Secondary
Flat
0000000 \ 00R0EO0OT N
Primary Flat Primary Flat
Figure.2 Diameter, primary and secondary flat Figure.3 Diameter, primary flat locations and
locations and marking orientation of 100mm SiC marking orientation of 150mm SiC wafer (4H-N)
wafer (4H-N) (silicon face up for SiC). (silicon face up for SiC).

4H SEMI-INSULATING SIC SUBSTRATE

WAFER DIAMETER ;’Sglhl:ggzzrigoilgir;s”iggr(zgrg's:sighhri Zuar:%cg).of a wafer. Measure the diameter of wafer with
The flat of the longest length on the wafer, whose crystal surface is parallel with the {10:10}
lattice plane.Not applicable to 150mm wafers.

PRIMARY FLAT The primary flat orientation is always parallel to the <1120 > direction (or, which is the same,
ORIENTATION parallel to the{lOiO} lattice plane). Measured with XRD back reflection technique.

A flat of shorter length than the primary flat, whose position with respect to the primary flat
identifies the face of the wafer. Not applicable to 150mm wafers.

PRIMARY FLAT

SECONDARY FLAT

SIECONIRLRY I Silicon face up: The secondary flat orientation is 90° clockwise from the primary flat.

ORIENTATION
All 150mm (4H-SI) products have a notch with 1.0~1.25mm depth. The laser markings are
NOTCH . . )
offset right when looking at the carbon face (see Figure 5).
MARKING For silicon-face polished material, the carbon face of each individual wafer is laser-
marked with OCR-compatible font (see Figure 4 and 5).
Wafer Wafer </1_010I_> .
Diameter \ Diameter N ’ !
Secondary | \.
Fat | / TTTTTT . <1120>
QOXOKXRAT R : j‘ \:,\ / R
Primary Flat Bisector of notch
Figure.4 Diameter, primary and secondary flat Figure.5 Notch location and marking orientation
locations and marking orientation of 100mm SiC of 150 mm wafers (4H-SI) (carbon face up for
wafer (4H-SI) (silicon face up for SiC). SiC). 5
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6 inch diameter Silicon Carbide (SiC) Substrate Specification

WiE% (z 4 TWk% (P 40 WR% (D %
#:48 Grade ZeroMPD Production Standard Production Dummy Grade
Grade(Z Grade) Grade(P Grade) (D Grade)
B Diameter 149.5 mm~150.0 mm
_ i 4H-N 350 pm+15 pm 350 pm+25 pm
R Thickness 4H-S| 500 um=15 pm 500 ymz25 ym
e sl Wafer Orientation Off axis : 4.0° toward <1120 >20.5° for 4H-N, On axis : <0001>+0.5° for 4H-S|
) ] ) 4H-N <0.2 cm2 <2 cm? <15cm2

Yo et s =
T Micropipe Density AH.S| <1 cm?2 <5 cm2 <15 cm-2
MES Resistivity 4H-N 0.015-0.024 Q-cm 0.015~0.028 Q-cm

4H-SI 21E10 Q-cm 21E5 Q-cm
F LTI Primary Flat Orientation {10-10} +5.0°
N . 4H-N 47.5 mmz2.0 mm
FEfiiKE  Primary Flat Length 2HS| Notch
pUE. SN Edge Exclusion 3mm
a3 JE PR e A B AR A i G LTVITTV/Bow /Warp <2.5 ym/<6 pm/<25 um/<35 um <5 um/<15 pm/<40 um/<60 um
R L Roughness Polish Ras1nm

CMP Ra<0.2 nm Ra<0.5 nm
HEZL (64T W) Edge Cracks By High Intensity Light None Cumulative length < 20 mm, single length<2 mm
7NJ7 73R (06T M) 1 Hex Plates By High Intensity Light Cumulative area <0.05% Cumulative area <0.1%
Z T (3R] W) Polytype Areas By High Intensity Light None Cumulative area<3%
HWEZY) (A6AT FW) Visual Carbon Inclusions Cumulative area <0.05% Cumulative area <3%
RIJE (3T W) . .
Silicon Surface Scratches By High Intensity Light None Cumulative length<1xwafer diameter
134 (33064 W) Edge Chips By High Intensity Light None permitted 20.2mm width and depth 7 allowed, <1 mm each
FFEIENH; 2 (TSD) Threading screw dislocation <500 cm2 N/A
IS L4 (6T W) None
Silicon Surface Contamination By High Intensity Light
2k Packaging Multi-wafer Cassette Or Single Wafer Container
Notes:

1Defects limits apply to entire wafer surface except for the edge exclusion area.
2The scratches should be checked on Si face only.
3 The dislocation data is only from KOH etched wafers.
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4 inch diameter Silicon Carbide (SiC) Substrate Specification

WiEg (2% Taksk (P40 WiRZ (D 4
&K Grade Zero MPD Standard Production Dummy Grade
Production Grade(P Grade) (D Grade)

B Diameter 99.5 mm~100.0 mm

) 4H-N 350 pm#15 um 350 um*25 um
JE Thickness 4H-S| 500 ym15 um 500 pm25 um
im 75 ] Wafer Orientation Off axis : 4.0° toward<1120 > +0.5° for 4H-N, On axis : <0001>+0.5° for 4H-SI
e p 1 Micropipe 4H-N <0.2 cm? <2 cm? <15 cm?
Density 4H-SI < lcm? <5cm? <15 cm?
L Resistivity 4H-N 0.015~0.024 Q-cm 0.015~0.028 Q-cm

4H-SI >1E10 Q-cm >1E5 Q-cm
FEENIA T ] Primary Flat Orientation {10-10} +5.0°
FEMLKE Primary Flat Length 32.5mm £2.0mm
UERLAKE Secondary Flat Length 18.0 mm + 2.0 mm
YEALIATT ] Secondary Flat Orientation Silicon face up: 90° CW. from Prime flat +5.0°
U S Edge Exclusion 3mm
JRI R JE BE AR A L JE B AR AL S W I LTVITTVIBow /Warp <2.5 um/<5 pm/<15 um/<30 um | <10 pum/<15 um/<25 um/<40 um
Polish Ras<1 nm

RIEHFERE T Roughness cMP Ra<0.2 nm Ra<0.5 nm
WL (6T M) Edge Cracks By High Intensity Light None Cumulative length < 10 mm, single length<2 mm
AN (BRI 1 Hex Plates By High Intensity Light Cumulative area <0.05% Cumulative area <0.1%
Z A (SEICJTHI) ¢ Polytype Areas By High Intensity Light None Cumulative area<3%
HaZEY) (HOEST ) Visual Carbon Inclusions Cumulative area <0.05% Cumulative area 3%
FETTRIR (G0 2 . .
Silicon Surface Scratches By High Intensity Light None Cumulative length<1xwafer diameter
JRI (BT ) Edge Chips High By Intensity Light None permitted 0.2 mm width and depth 5 allowed, <1 mm each
TEETHITS B (BEOGAT ) None

Silicon Surface Contamination By High Intensity

ZFIEWEAI4E 2 (TSD) Threading screw dislocation

<500 cm

N/A

2k Packaging

Multi-wafer Cassette Or Single Wafer Container

Notes:
1 Defects limits apply to entire wafer surface except for the edge exclusion area.
2 The scratches should be checked on Si face only.

3 The dislocation data is only from KOH etched wafers.
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2 inch diameter Silicon Carbide (SiC) Substrate Specification
Tk W% RA %
F4 Grade Production Grade Research Grade Dummy Grade
(P Grade) (R Grade) (D Grade)
HiE Diameter 50.8 mm+0.38 mm
JRRE Thickness 330 um+25 pm
i T 77 A Wafer Orientation On axis : <0001>+0.5° for 4H-N/4H-S|, Off axis : 4.0° toward <1120 > +0.5° for 4H-N/4H-SI
WE B Micropipe Density <5 cm2 <15 cm?2 <50 cm2
1% *Resistivity 4H-N 0.015~0.028 Q-cm
4H-SI >1E5 Q-cm
FENMILJ7H Primary Flat Orientation {10-10} #5.0°

FEAILKE  Primary Flat Length 15.9 mm 1.7 mm

VCEAIIAKE  Secondary Flat Length 8.0 mm +1.7 mm

VCGEAIILTTH  Secondary Flat Orientation Silicon face up: 90° CW. from Prime flat +5.0°
ik, SIS Edge Exclusion 1 mm

SRS G BE TTV/Bow /Warp

<15 pm /<25 pm /<25 pm

Polish Ras1 nm

SHH ik i X

R L Roughness CMP Ra<0.5 nm

WGELL (386 T W) Edge Cracks By High Intensity None 1 allowed, <1 mm
Linht :

FNT7 A (AT M) ¥ Hex Plates By High Intensity] Cumulative area<1 % Cumulative area<3 %

L inht

Z M (W) * Polytype Areas By High Intensity None Cumulative area<2 % Cumulative area<5%
Liaht

Si TR GRIGHT ) #
Silicon Surface Scratches By High Intensity Light

3 scratches to 1xwafer
diameter cumulative length

5 scratches to 1xwafer diameter
cumulative length

8 scratches to 1xwafer diameter cumulative

length

I (3T ) Edge Chips High By Intensity Light

None

3 allowed, <0.5 mm each

5 allowed, <1 mm each

FETHTYS e (36 AT W)

Silicon Surface Contamination By High Intensity None
(2 Packaging Multi-wafer Cassette Or Single Wafer Container
Notes:

XDefects limits apply to entire wafer surface except for the edge exclusion area.

# The scratches should be checked on Si face only.
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