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A SCE, InGaN FEHT /S A ZDFNFIKTHE ORI L 72 D4 FEITHE B L, IGEMIEEAER
- BAMREE (Cs—STEM) (& & 2 EMHTELAT OMENL & A 2 ¥ D A InGaN B FH 778 D E B & I HEK
TEDEHEIZONWTELDEEDOTH- T, BTETHBKINATND,

1 B CHEARZEO 5 & BE X OGRSCOMERRIZ DWW TEE L7z, InGaN FEHT /34 A THFEHFE L
TOERAMDRINTLAE, £ OmEE LR L O b~ E#MA B> Tiholz, ZL T, H 9 1
SOHELETE LT InGaN DA 7 MARA T 2 LIZ K D HPEO RIERAH Y | BEmIIC

SRIMRI DT IRAMRE COFNAIRETHD, L L, InGaN F DA V0 MREE 5 & @l
BHEDOIRTRIBE, 73 ARBA~DORERFERE L 22> T D, FOE & L THERET 5 InGaN/GaN
BTHPFREITEWVIERMME L © Y B R 24 D BIRROEEN 5208, 2 b OREIIR IR
ETFOFERTHY ., £/ 6aN & InN O ARNESITERT 2 FELRSBEEL TV D Z L vlmE
SNTWD, —J5, InGaN S+ I O LUt & U Codsith 3+ BRIEE (TEM) (358 7 72 gty 5 1k
ELTHWHNTEZR, EBFHREHOY T IHEREO A U F A =R T =T 4 777 R L72D
FEATAE RT3 DB RO R S LTz, £ 2 TARIFZFER L, KX XA — 72 TEM 7 v
VRSB ORI JOY Cs—STEM % W T2 BT BT OFESL Tdh ¥ (& L TEIN S DOHAfii 4 ff - 72 InGaN
BT NOEZER) & RERRINT & OBEMI L ED T,

2T TIX, BE R TEM Y TNV 2155 720 D GaN R PERIZBIT DK A — 2 TEM ¥ o 7 AT L
DG DN TIRAT, oD TIT-V AL S EARRE S T GaN SR EHIA A ANy 2 72 K
> TR 2SR BB S TERL S 4L, Zhuds TEM BRSO B 7 4V 7 4 2 E(L ST TV D Z & & R
L7z, 2B E5FE 2T, RINENEA 42 B — A (FIB) EMMEIEA 4 I U > ik ilAas b
TMBOY U TINAERT a0 22T 52 LIk, KR IH SNz A hAXT T 4w o7
YT IAERNFIRE L 2o T,

3 B TIE, TEM T L A48 F BT EIR OMESLIZ DUV TR 7=, i b FBOF O (o] F A & & T4 5

2 & W RFZENL AT % GPA (Geometric Phase Analysis) #ZERH L. Cs—STEM & #lA& b7z
BT FIEZ G LT, Cs—STEMBIE CTIIBIERF D T U F 0 ) A ARY TV R Y 7 M X 2 ERIER
IR T OMEN S T2, HBERICLD /A XV E T v a B LIZE A A XOMENZE)
R DT EMIMFES N, AFEZ InGaN \mF-FHFREICHET L& 2 A, ZEMOMED 2 nm IR T




BT R—t > NOEOBRHITKRL LT,

4 BIA PV T DR A B XN L S W7 InGaN/GaN &1 H i D EXEIC OV TR LT, 3l
JHOD InGar N (x=0.09, 0.15, 0.21) Z GPA FIETHMATZRER, A P07 MHBITIE e —k
Y NORTFEMNPEE X F T X LEEHFICET TWD Z b o 72, InGaN BNIZIZE nm 1 X

EORDL PR SNIE S TIRMEIEA > V0 DR E L 22 DIV L7z, £z, Blllshiz
InGaN @ c iR LFHEIZ Lo CTRDI-ELa L — Ly NEELEBAD cliEA T 2L 0Py

DHAEEAE K IR DITHEVERRD c BiRidsEe2at — L MREOEL DV /NS 25 Z ERHLMIT
ST, THUT. A VU LHARDOHEIMIAENET XL F—=MET L7 R LR EN 5,

5 HIS L UV6 FTIL InGaN JE~DA V0 MHRR DO E L X0 fEINZT % 72912 GaN AR _EIZ InGaN
H— 7 (SQW) ZFERL L 720 72N T A V0 AR & iR L OO Z (b AR~ T, %
BR L7 InGa, N SQW(x = 0.15, 0.24, 0.28, 0.30, 0.34) ORIL, 1 > 27 LFARLOHICIE LT
T4 PV IR B ABEPEGRIR T AR 2 x = 0.27T BLETIE b L F R L MR FRE
H 7ok R BN BRI T2 2 & CThHh D, £ 2 TRIFETIE b LU FRIBOTERL A 1 = X LRI 7
— WALt 2B 2R o7z, ML FRIGDIET RGN & 1Y — PV IRy B RTH D AN
7 MA A= TIRITICE YD . b L FRIEHEBO InGaN & LEHITRRIICER S R>TEY |
R ARFENBERTRAEL TS Z L2 /A L, ZRH0HRIZESNT, L FRIEERK

B L CTHDEFBGRICE DWW A D = A L2 E LT, ML TR, BRARUEEIZE L7 InGaN &
D ZRTRED D ZIR T E~B S TefER E LTBRENT D EEZBIL, ML U FREOFER
FEETIEEIC L > TR UIAD Y 2 X L7 SRR S R 22 B EER K E < Zeo 72 2 & 28
TR EERE LT,

IR CTH Y . KR THONIEHRICONTERN L, ADBFIZBIT 55 % OEEIZ OV TR
7oo AR InGaN FIT NSA ZA~DIREE LT, T/ uy R/ 74— D X 5 7 =k ek Hif
W2 L2 etk K OFEMMEm InGaN &1 H PG ~OMFRFE R~ LTz,

%« FSCELEIL, FI3L 2000 7 & 9532 300 354 1T ORET 57, b L <ITTEL 800 5% 1 FRH L T 7230y,
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InGaN quantum wells have been used in blue and green laser diodes, of which emission wavelength
being tunable by indium concentration. However, in the red wavelength range with high indium
concentration, the light emission is seriously deteriorated. This deterioration mechanism has not been
so far fully clarified. In this study, the nanostructural and optical properties of InGaN/GaN gquantum
well (QW) are investigated by lattice strain analysis and cathodoluminescence (CL) spectroscopy in
an aberration-corrected scanning transmission electron microscope (Cs-STEM). In this context, we
first develop low-damage sample preparation techniques using low-voltage focused ion beam and
low-voltage Ar ion milling techniques. Then, the strain analysis method optimized for InGaN/GaN
heterostructure was established by combining Cs-STEM and GPA(Geometric Phase Analysis). Using
these techniques, the violet, blue, and green emission InGaN/GaN QWs were investigated. The results
of strain analysis showed that all InGaN QWs are grown coherently on GaN under layer and the lattice
strain with indium composition appears in the growth direction. The strain was observed to increase as
the indium composition increased. The measured strains in the high indium composition range are
found to be below the calculated strains for fully coherent growth. This suggests that the strain
relaxation within the InGaN layer increases with increasing indium composition. In addition, the
influence of the defects in the InGaN/GaN structure had been investigated. To circumvent any possible
influence of the defects of the buffer layer or substrate, we used single QW structures fabricated on
c-plane GaN substrates. The trench defects were found when the indium composition exceeded 27%
(yellow emission) and even increased at 34% (red emission). From the Cs-STEM analysis, it was
revealed that the trench defect contained a stacking fault forming the zincblende crystal structure. By
CL method we also clarified that the light emission is suppressed at the trench defect area and that the
trench defects tend to occur in the region with locally high indium concentration. The emission
degradation in the trench defects was considered to be due to the quantum confined Stark effect
enhanced through the strain and greater spatial charge separation.
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