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Hexagonal Lattice System

Real Space
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Hexagonal Lattice System
Reciprocal Space
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“Shuffle” and “Glide” set dislocations

Dissociation of unit dislocation

Shockley partial dislocation
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Frank Sessile Dislocation

(1) Intrinsic




Surface morphology of wafer surface
before and after epitaxial growth

CDIC
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CMP processed surface
Before epitaxial growth After epitaxial growth

Surface morphology of wafer surface
before and after hydrogen etching

CDIC

X-ray topograph

CMP processed surface
Before hydrogen etching  After hydrogen etching




Surface morphology of wafer surface
after hydrogen etching and after epitaxial growth

After hydrogen etching  After epitaxial growth
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Threading Screw Dislocation

b=+[0001] 7= [0001]

Effect on devise performance:

« low breakdown voltage
« reverse bias leakage
- short life time

but not all ‘

Threading Screw Dislocation

TSDs — Which is Killer?

- “Pure:scrgw dislocation
h=1b;

- Mixed dislocation
5 = gs"‘ g{?

by = +[0001]
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Burgers vector of edge component




Threading Screw Dislocation

Three types of TSDs — Which are Killers?

«  “Pure” screw dislocation

i b [1100
+ Mixed dislocation (1)

b = b+ b
+ Mixed dislocation (2)

b=bs+1b,

l’ —
be —

———

11{)0} Burgers vector of edge component

X-ray Topography

+ To identify character of TSDs

TEM or X-ray topography

» wide field of view

« nondestructive analysis
a number of samples

subsequent device check




Burgers vector determination

g-b invisibility criterion

Contrast in X-ray topograph is

maximum if §-b= gb (G15)
zero if 5=0 (GLB)  ooo8 reflection
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Experiment
Double-Crystal X-ray topography

X-ray: A=0.069 nm

Collimator: Si 331

Asymmetry factor: ~1/30
Specimens: 4H-SiC; 4°-off (0001)
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Weak-beam Method
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Dislocation Images

- ; double crystal
single crysta weak beam

P, b=bs+b,
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Character Identification of TSDs

Sample
High quality 4°-off 4H-SiC wafer
Experiment
X-ray: A=0.069 nm
Collimator: Si 331
Asymmetry factor: ~1/30
Specimens: 4H-SiC; 4°-off (0001)
Reflections:
1120,2110,1210
2200,2020,0220

Character Identification of TSDs

g=1120
A = 0.0001°

»H




Character Identification of TSDs

Pure screw or mixed dislocation

pure screw 105
mixed 140
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