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 Motivation
 Background
◦ Structure Property Relations

 Current Work
◦ SEM Characterization
◦ Fracture Analysis

 Summary and future work
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 Commercial sensors capable 
of up to approximately 600
 Uses SOI technology

 Alternative material sapphire: 
potentially capable of up to 
1600

 Laser machining to cut 
specimens
◦ Hard 
◦ Chemically Inert
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Kulite Pressure Transducer

Conceptual Design



• Sapphire crystallographic 
structure
• Complicated by hexagonal cage & 

internal rhombohedral structure

• Anisotropic elastic behavior
• Rhombohedral—not hexagonal

• Melting temperature 2030 
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 Fracture 
characterization
◦ Virgin vs. laser 

machining
 Crack opening 

quantified
◦ Intrinsic crack tip 

toughness measured
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Crack opening displacement



 Equilibrium
◦ ∙ 0

 Constitutive Relation
◦

	
	

,
 Boundary Condition
◦

 Generalized Stress Potential
◦ 2∑

 Generalized displacement potential
◦ φ 2∑
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o K1c 2.3 MPa*m1/2

o Gc 11.65 N/m
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• K1c 2.65 MPa*m1/2

• Gc 16.22 N/m

Indentation at ∼0° Indentation at ∼45°



 Preliminary Vicker’s indentation characterization
 No visible cracks
 Laser machining parameters
◦ 10 kHz rep rate, 10 mm/s scanning speed, 3.8 J/cm2 fluence, 3um stepover
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 Correlated crystal structure with anisotropic 
elastic properties

 Quantified crack tip toughness in virgin 
sapphire specimens
◦ Good correlation with data in literature

 Laser machining effects on fracture
◦ Unusual toughness enhancement

 Hypothesis: Laser induced dislocations
◦ TEM characterization and dislocation/fracture 

modeling currently underway
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 Basal dislocations associated with a 100-g 
indentation on a (0001) basal plane section

 Specimen polished with abrasive paper.
 How does laser machining affect the 

properties of sapphire?  Are dislocations 
induced during the process?
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