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Conversion from p-type GaN to n-type by Complexes of Screw Dislocations and Mg:
First-principles Calculation and Atom Probe Tomography Analysis

BRREH, BABET 2, nkmﬂﬁ%iﬁzf/7+U>z4O%%%m REF 5 2
RINEK, a2 WLz | &EB3, PEERE? ALRCY FA —B4Y
Hf Bz ! KB &R XEFiE!2
IMaSS, Nagoya Univ.!, Grad. Sch. Engineering, Nagoya Univ.2, RIAM, Kyushu Univ.?,

Toshiba Nanoanalysis Corp.* ©Yosuke Harashima', Takashi Nakano?, Kenta Chokawa!,
Kenji Shiraishi!?, Atsushi Oshiyama', Yoshihiro Kangawa>!, Shigeyoshi Usami?,

1,2

Norihito Mayama*, Kazuya Toda*, Atsushi Tanaka', Yoshio Honda'2, and Hiroshi Amano

E-mail: yosuke.harashima@imass.nagoya-u.ac.jp

GaN (387 =YK TN 2R e U TEWRT Vo v V2R (LEMTH 50, RIEHAEL
BOEIIKEREES T DBH UL, TORT VU Y LV EFIT 572DICIERED & 5 72 HR
MG OYINEDBRE X CHIHANEECTH 5, FHZEKD 55 k1N 2 BB ) — 2 BHRO
FHRE7m->THED, T1 AMES LOEEERETIETWS, T3 AMERECEHEM: % (5
THITIE, V- BRFERMEZIHS N T H2H0ELND D, BE, LI NTWS, Bald
3IRGTT N LT v — TN S EEALEA AN D Mg Al O ENHRE I NT WS, £ T, e
Mg & DESEROYINEZFE L, ) — 27 BHRFEL OBBREHS T B I ARDSENT NS,

AMFZE TR —JFBE R 2 > T GaN H D 5 AFEA-Mg EERDBEFIREEZH ST L, 7
AT a—=T %Mo TY —ZBRMEL B 5FAMEMAD Mg DEEZFART (1], £THXLIES
VAN Z2 GOEKF2HBEL, TOHD—D0D Ga % Mg TESL 72 2DEFIREZ KDz, Mg
OEMMNEZZEZ TIRIVF—E2HRI2E ZAK 1(a) D& 512 Mg DEALIZTR Ff X b Z &8
Dol £z, Mg LHRALDNE K 705 & im G AEERLMEERITED K 2B bh o7 [ 1(b)],
ZHIFERAL & Mg DBEERA R F—2 UTE< 2 &, 2% 0 p BIRKYI O Mg HHshL & DEEK
2725 LRt E n BISHIE 2 E U S B 2 L 2 RIBLTWS, —Fi. GaN D p-n XA A — R T
)= BRPBBH SN TGO %27 bAT =T THHELTAD L [M1(c)]. SHARMDRA

DIz Mg BHEL TWB Z EDbh ot TR

— RO R L EELTWD,

(a) (b) ()
2.0f -40-20 0 20 40
' D(02) I . D(0[2) :
= S06) 2.0 Conduction band = S(0[6) 4 Screw dislocation _101(\)/{g Condensation
sl —— 5(03) > 15} —— S(0[3) l _
- < | 50
% % N ‘\k‘\\‘—__‘ 300 | | I8 ?-
—Lor o ol T
= 2 05) 4
g !
0.5 501 -
= 0.0
Valence band
100 % -
‘ ‘ ‘ -0.5 : : : SE o
0.0g 5 10 15 20 0 5 10 15 20 - 20nm

Mg-dislocation distance (A)

Mg-dislocation distance (A)

© 2020%F ISFRYEES

1: (a) Binding energies of the Mg—dislocation complexes of the core structures: D(0|2), S(0|6), S(0|3).
(b) Highest occupied levels of the complexes. (c) Scanning transmission electron microscope and atom
probe tomographic images. The purple dots represent the isoconcentration surface of 0.4 at. % of Mg.
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