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Recently, it was reported thet the bandgap energy of InN isnat 1.95 eV [1] which had was bdieved by many researchers, but
near 0.8 eV [23]. It isimportant for sdence and industry to determine the native bandgep energy of InN and to understand the
gructurd difference of INN films with bandggp energies of 0.8 eV and 1.95 eV. We andyzed the locd dructures around the In
aoms of MBE-grown InN which has an opticd absorptiont and emission-edge near 0.8 €V, usng X-ray absorption fine sructure
(XAFS) of In K-edge [4]. The messurement had been difficult because there was no useful fedility which could generate abright
x-ray around an energy of 28 keV such as SRing-8. The XAFS measurements were performed a BL16B2 and BL19B2 of
SPing-8. From In K-edge XAFS ostillation, the inter-atomic distance of In-N and In-In was estimated to be dj,n= 0.214 nm and

Oru= 0.353 nm, respectively. din= 0.353 nm is dose to the aaxis ldtice condant of
a=0.3536 nm meesured using x-ray diffraction (XRD). The c-axis lattice condant was dso

esimated to be c= 05701 nm. Because the radid dructure function was Smilar to that ¥

obtained in a Imulaion based on the ided Sructure of wurtzite and zinc-blende InN, as
shownin Fig.1, we condude that the In-N atomic bond isdoseto an idedl sp*hybridization
in InN film. Moreover, we found thet this INN sample has a wurtzite structure because the
equivdent sgndsof InN [1011] were observed usng the polefigure of XRD. Wetherefore
condudethat the MBE-grown InN film, which hasabandgap energy of 0.8 eV, had anided
wurtzite sructure [1] K. Osamuraet ., Solid Sate Commun. 11.(1972) 617. [2] VDavydov et d., physstat .
() 229(2002) RL[3] Y.Sstoet ., physstat . (b) 234 (2002) 796. [4] TMiygimaet al., physsiat.sol. (b) 234 (2002) 801
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Fgl The redid sructure fundion around In
aomsfor InN film (thick sdlid ling). The thin
olid and broken lines show the Smuleted deta
for wurtziteand zinc-blende INN., respectively.
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Bandgap Energy of InN

Previous reports
Eg=1.9 eV

K.Osamura et al.(1972)
T.L.Tansley et al. (1986)
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Recent reports
Eg=0.8 eV

T.Inushima et al. (2001)
V.Y.Davydov et al.(2001)
J.Wu et al. (2002)
Y.Saito et al. (2002)
T.Matsuoka et al. (2002)
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Lattice constant of a-axis (A) )\p: 360nm  1.55um ?
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Sample structure

MBE growth

Source: In metal
INN (d=1.5um) Nitrogen plasma (RF)
LT-InN Tg=530° C

(0001) sapphire

LT-InN: Tg=300 ° C, 30 nm

Y.Saito et al., Jpn. J. Appl. Phys. 40 (2001) L91.
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Photoluminescence spectrum

Excitation
, Ar ion laser
n=4.9x 101 cm3 A =514.5nm
Power
P=2.2 W/cm?2

Temparature
T=77K

Detector:
Photo multiplier tube
(InP/InGaAs)
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Electron yield spectrum

EXAFES oscillation is clearly
observed above E=27.92 keV
of In K-edge.
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Radial strulE:ture function around In atoms

® (R) = (211 ) (;g?xk)kgexp(—ZikR)dk

Peak A - N atom

Peak B - In atom

atom

X-ray diffraction
(0 -20 ) measurement
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T. Miyajima et al., phys. stat. sol. (b) 234 (2002) 801.
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X-ray Diffraction (0 -26 scan)
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Conclusion |

(1) InN with 0.8 eV-PL peak

In-N bond - sp3 hybridation

Local structure around In atom

—ldeal structure of hexagonal InN

(2) Inter-atomic length

di,n(INN) = , Qi (INN) =

XRD meas. a-= , C =
dyy.in(INN) ~ a(XRD)

(3) Main phase - hexagonal InN

Cubic InN and In metal was observed in some

sample.

hexagonal InN (0001) // cubic InN (111) // In (101)
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Conclusion I

(1) Bandgap energy of hexagonal InN
-~ Eg 0.8eV

(2) What Is the origin of Eg=1.9 eV

(a) High background carrier density
- Burstein-Moss shift —

T.L. Tansley et al., J.Appl.Phys. 59 (1986) 324.
D.Y.Davydove et al., phys. stat. Sol. (b) 230 (2002) RA4.

(b) Crystal structure (hexagonal & cubic)
(c) In,, Oz, (Eg(IN,0O3)=3.1eV)
D.Y.Davydove et al., phys. stat. Sol. (b) 229 (2002) R1.
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