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Origin of black color in OVPE-GaN (heavily O-doped GaN) crystals
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Table | Crystal colors, carrier densities and impurity concentrations.
Lightly colored group Heavily colored group

Yellow Light gray Light brown  Brown Black

Carrier density (em?)  1.28X%10%° 957x10"  120x10*° 734x10"° 6.52x10"
Oxyeen(atoms/cm®)  1.9x10*"  7.1x10*° 72x10*° 44x10*°  43x10%

Silicon (atoms/cm?) 40x10"® 51x10"%®  §9x10"®  44x10"®  94x10'"

Carbon (atoms/em?®)  <2.1x10'% <6.0x10” <6.6x10"”° <1.1x10'% <2.6x10"
Hydrogen (atoms/cm®)  6.5%10"°  18x10"®  14x10"° <17x10"7 <12x10"

Crystal color

21000 —

£ E Eg — hv

2 o iimimme]  @(hv) = Aexp| — for hv<Eg --=(I)
g r Wwre {2t ] u

2100 ___--"" _.— T ] . »
é Boe . — " _ A~ 3 a: Absorption coefficient
= N~ . ] A: A constant

7] Yellow

5 10 & Light gray | o Eg: Band gap energy

=} — — — - Light brown | . n y

g t |II o ] E\: Urbach energy

= [ — Black i h: Plank’s constant

g 1

=)

<

""""""""""""""""" v: Photon frequency

1.2 1.6 2 24 28 32 36 4
Photon energy Av (eV)

Fig. 1 The absorption profiles of OVPE-GaN crystals.
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