CHAPTER 9: APPENDICES
  APPENDIX A

MATERIAL PROPERTIES OF SINGLE CRYSTAL 4H-SiC, POLYCRYSTALLINE CVD-SiC AND QUARTZ

	Common Name
	4H-SiC Wafer

	
	Value
	Units

	Moms Hardness
	~9
	-

	Crystal Structure
	Hexagonal
	-

	Energy Bandgap
	3.26
	eV

	Electric Field Breakdown
	2E6
	V/cm

	Thermal Conductivity
	3.4
	W/(cm.K)

	Melting Temperature
	1700
	oC

	Electron Drift Velocity
	2E7
	cm/sec


Table A1: Material properties of 4H-SiC wafer

	Common Name
	CVD-SiC (SuperSiC-2)

	
	Value
	Units

	Hardness, H
	27
	GPa

	Young's Modulus
	466
	GPa

	Density
	3.18E6
	g/cc

	Fracture Toughness, Kc
	3E6
	Pa.m0.5

	Thermal Conductivity
	129
	W/(m.K)

	Melting Temperature
	2500
	oC

	Poisson's Ratio
	0.26
	 


Table A2: Material properties of 3C (β) CVD-SiC

	Common Name
	Quartz(Spectrosil 2000)

	
	Value
	Units

	Hardness, H
	9.8
	GPa

	Young's Modulus
	73
	GPa

	Density
	2.21
	g/cm3

	Fracture Toughness, Kc
	4E6
	Pa.m0.5

	Thermal Conductivity
	1.38
	W/(m.K)

	Melting Temperature
	1700
	oC

	Poisson's Ratio
	0.17
	- 

	Specific Heat Capacity
	728
	J/(kg.K)

	Refractive Index
	1.4585
	 -


Table A3: Material properties of Quartz

APPENDIX B

DUCTILE TO BRITTLE TRANSITION DEPTH CALCULATIONS

Based on Equation 2.4, the critical depth of a material can be calculated using the relation:

dc ~ 0.15 . (E / H) . (Kc / H)2
where:

dc = critical depth of cut

E = elastic modulus

H = hardness

Kc = fracture toughness

Substituting the material properties from Appendix A into the above equation, the critical depth of the material can be calculated. 

Sample critical depth calculation for CVD-SiC

dc ~ 0.15 . (E / H) . (Kc / H)2
E = 466 GPa

H = 27 GPa

Kc = 3 x 106 Pa.m0.5
 Substituting the values:

dc ~ 0.15 . {(466 x 109) / (27 x 109)} . {(3 x 106) / (27 x 109)}2
dc = 3.8673 x 10-8 m or 38.672 nm
Sample critical depth calculation for Quartz (Spectrosil 2000)
dc ~ 0.15 . (E / H) . (Kc / H)2
E = 73 GPa

H = 9.8 GPa

Kc = 4 x 106 Pa.m0.5
 Substituting the values:

dc ~ 0.15 . {(73 x 109) / (98 x 108)} . {(4 x 106) / (98 x 108)}2
dc = 1.785 x 10-7 m or 178.50 nm

APPENDIX C

HEIGHT AND FEED PROFILE OF MACHINED REGION
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Figure C1: An optical microscope image taken at 1000x showing the machined surface of SiC. 

The feed marks at this point are visible and can be measured. In this case the feed marks measured corresponded with the programmed feed rate (1µm/rev). The rough area seen around the feed marks are above the smooth (where the feed marks are obvious) area. The feed marks and profile height was picked up by the surface profilometer. 
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Figure C2: The 1µm/rev measured feed marks. 

These feed marks were measured (measurement seen on the x-axis) on the surface of the workpiece using a surface Profilometer. These feed marks are also seen in Figure C1. 
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Figure C2: The high spots measured on the SiC surface.

The height measured is approximately 145nm which is shown on the y-axis of Figure C2. This confirms that the rough areas seen in Figure C1 are higher than the smoother areas (where the feed marks can be seen).  

APPENDIX D

6” CVD-SiC SURFACE IMAGES
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Figure D1: Machined surface of CVD-SiC

Figure D1 compares the machined surface after pass 11 (right) and pass 12 (left) at a 400x magnification. The image shows a more reflective (indicating a smoother surface) surface after pass 12 was carried out on the 6” CVD-SiC
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Figure D2: Smooth machined surface of CVD-SiC
 The image (1000x magnification) above shows a smooth and reflective surface after the final machining pass was carried out on the CVD-SiC (Ra = 83nm.

APPENDIX E

FEED MARKS MEASUREMENT ON SURFACE PROFILOMETER
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Figure E1: 1µm/rev feed marks measured on CVD-SiC using a surface profilometer
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Figure E2: 5µm/rev feed marks measured on CVD-SiC using a surface profilometer
