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Indium nitride (InN) has the smallest effective mass, the largest mobility, the smallest
direct-band gap energy and a high Seebeck coefficient among IlI-nitride semiconductors. Thus, it is
a very promising material for various applications including high-speed electronic, long-wavelength
optoelectronic devices, high efficiency solar cells and thermoelectric devices. However, high
crystalline quality InN is the most difficult to be obtained due to its low dissociation temperature and
lack of lattice-matched substrate. The hetero-epitaxial InN films have an extremely high density of
threading dislocations (10°-10'* c¢cm?). These threading dislocations contribute to non-radiative
recombination centers, dominant scattering centers limiting electron mobility and probably one of
the origins of residual electrons in InN. Therefore, the objective of this research is to reduce
threading dislocation density in InN to clarify its material performance and pursue its applicability.

In this study, we propose a new approach which provides a simple but effective growth
process for threading dislocation reduction in InN film with in situ surface modification by
radio-frequency molecular beam epitaxy (RF-MBE). In this method, we apply nitrogen radical
irradiation to modify surface morphology of InN template in situ in MBE growth chamber before
regrowing InN film on the template.

Transmission electron microscopy (TEM) revealed that threading dislocation density in InN
grown with this method reduced by a factor of 3 from 2x10° cm™ to 6x10° cm. We clarified that
the mechanism of the threading dislocations reduction was due to the inclination, fusion, and
annihilation of edge dislocations at the regrowth interface. In addition, the repeatability of this
method was also investigated. TEM showed evidence that the threading dislocation density was
successfully reduced step by step from ~2.8x10%° cm in the first irradiated layer to ~2.0x10° cm
in the second irradiated layer, and to ~1.3x10° ¢cm in the top regrown InN film. If this technology
is established, high-quality InN with low threading dislocation density can be achieved with an easy,
simple and repeatable growth process. Furthermore, this method might also be applicable for
threading dislocation density reduction in other Ill-nitride semiconductors and contribute to the

realization of future electronic and optoelectronic device applications.
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ZlhA YU A (InN) 1T I REYEHERO T T, b/ SRAENERE, Kb RER
BEIE, kb/NSRAVEFYy vy 723X — ZLTERVWE—_y 7 @Z&KE2H L, @
BT A A, RERIET AA A @b R KGEM, BGEEHT A 270 Ehkx I &I
BOCTHERICHERMETHSL, LHrL2aNE, ROREHEER X O FEE LI &Ko
KRINDT=DOIZ, mdh'E InN fifm x50 2 IR TH L5, ~T R XX v LR LTz
INN EEFRIZ X, FEEICEBE O E@isA, (1010-101M ecm?) AFEET D, Z O E BT IESE
JEEREE L, BETBEERELT OB LOREE O L 2 D720, INN OF /A AHE
b & BT KO ER L 72> TW 5D, £ 2 TAMIETIX, InNN O EiEisr % EIK % B 45
L7z InN Oftds R FERRBEE B & Lz,

INN HF O BRI BB O 00 LT 7a—F L LT, @mERS ey
— (RF-MBE) 2 X% in-situ ZZEME % AV 72 InN RE L LT-, ZOHFIETIEH, MBE
METF v NNICTERT VNV EZBEALTCINN 77— OREBE T+ V—%
BHEL, 07 7 L— |k EIZ InN RZ R S5, AFEE, insitu TESITHRD IR
ZENHEETHY, LRI COBMRBZIRIYHFTEL22L, w27 T nER%
MEL LW EORMbHET 5,

AARRFIECHE S W72 InNN OB @R % 2 F il - BiEE (TEM) BL82 TR L 7=
FEOL K 2x100em2 B 6x10°em2 E T3 D LICHA LTS Z & 2R LT, £72 TEM
BERICB W TERETSIE 2 HE9 5 2 & CERAEE 2 3 T, Blisir o fE (X
WHEAT, DRAEENL) Z20BEL. THUENDEAL ORI AT 72, ZORE, FREERALH
FAE R E T, ma . WHIROMEZRD 2 & TIRABERBAEIIN TS A=
ALEH LN LTz, BHFT VN E—LBHIZ L S in situ SCE OMOR LHFIZHONT
a7z, TEMBIZRIC LY, Emisir % E NS 1 O E O 2.8x1010 cm2 /2555 2 DR
K D) 2.0x100 ecm2 123 L, EEREAR INN I T3k 1.3x1020 cm2 £ TREPSH I Hishr 2
FERWAD SHDZ LTI LT, Z O SiuE, EiEEAE E O L 7R
INN ZfiffB L OB LAERKRE v A TEEATHZENTE S, 61T, 20K
EIEL A N EZEAC -8RI T D ERBIC b E A FTRE TH D | FRkOE B &
OHT A ZAHBOFEBIC L FETE L LD,



