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Influences of growth interruption on InN
Islands grown by MOCVD

Student : Tzu-Te Yang Advisor: Prof. Wei-Kuo Chen

Institute of Electrophysics

National Chiao Tung University

Abstract

We introduced. repetitive: growth interruptions for successfully
growth of InN dots without-In-droplets-at 700 °C once.interruption time at
each cycle exceeds 15 seconds. -Total amount of “indium atoms at
droplet-existing and droplét-free regime.are valued at3.96+0.38 and 4.38
+0.69 mol/cm® Although a~20% of volume of the hollow dots might be
overestimating at droplet-free regime,.it.is probably suggested In convert
to InN rather than evaporation. We observed not only the conversion
process, long enough interruption times results in a PL peak energy at
0.7eV rather than 0.75eV. Temperature-dependent PL measurement
showed the S-shaped behavior below 220K that indicates a strong
localization effect. Results of time-resolved photoluminescence reveals
the localization energy about 20meV, and we probably believed the 0.7eV

emission involves a deep level.
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Before etching I
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After etching

n NI(OO(I)Z) |

/\

N

l . I . I . I . I
30.5 310 315 32.0 32.5 33.0 335

0 — 260 (degree)

Normalized Intensity(a.u.)

] 4-1-3 X-Ray 5% L2 o ¢ S A 5 5 () 0 4 ~ (b) 5 4 ~
(©) 10 #5 ~ (d) 15 %5 ~ (€) 20 Fy£2(f) 40 F) -
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4.
lpm JEOL
X 7,000 6.0kV SEI SEM WD 10mm

Bl 4-1-4 SEM T 6 8 - (a) 4%
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Growth Inbarruption Hme 0 5 10 15 20 40
(eac)
Height {nm) 267 80 238 +123 197 +102
Diameter (nm) 2300 560 1195 650 2131 715 -—- --- -
Droplet
Single Vol. (nm?3) 1.9+1.2x10° 7.1+9.5x10°% 1.6+1.1x10° -—- --- -
Density (1fcm2) 4.2x10° 3.1x106 7.5x106 -—- - ---
Height {nm) 6l +19 135 +32 78 23 -—- --- -
Diameter {nm) 1000 +108 839 +156 1033 +180 --- --- ---
S(;‘:)at” Angle (M 17.6 2.9 32.846.5 17.9+4.0
Single Vol. (nm3) 2.2+1.1x107 3.4+2.3x107 3.1+1.9x107 --- --- ---
Density {1fcm2) 1.3x10° 1.6x10% 1.3x107 --- --- -
Height {(nm) 254120 660 +140 380168 356153 398150 395165
Diameter (nm) 1690 +93 2224 +135 23651338 13081193 1927150 1777
+110
Large I o + + + + +
dot Angle (M) 23.91.3 35.319.4 18.9+5.3 28.8+2.0 24.512.2 29.214.8
Single Vol. (nm3) 2.1+1.2x10° 9.4+2.4x108 6.2+2.0x10¢ 1.8+0.7x 4.3+1.0x 3.610.8x
108 10% 108
Density (1/cmZ) 4.9x10* 5.5%107 g./x107 5.1x107 9.1x10° 1.8x107
Fo4-1-1 i3 R ET CHPEE B IRTT R R £ R

=4

B o
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\]

i ° 'dropllat l .
6Lk o small dot i
i o large dot ]
B NE 5 - -
c o |
o o4} T
e} f O_ - - — -
c '78 3F < 4
I /
2F i
| /
1F / i
O =y =l
0 10 20 30 40

Interruption time per cycle (sec)

Bl 4-1-5 &= 2tk 55 of f74F ) + 5 2 o
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4.2 Rk cE sk sk

e =% (TMIn) @ 7B 52 04 ~ S~ 1045 ~ 15 45 ~ 20 ) »
40 Fyefiz— kAl BRI AR (13K) Terskpey ek > 3 2%

% 77 BB 4-2-1 o

d £ 422nm > # F % B (power density) 7 ~22W/em e13 48 %
S ( He-Cd ) i e % 3 ) @ AF P S A 15 2 %0 2 %

AT IR A H,e_dé Ajy(asymmetric line shape).» % 3% (% @ §_B 0§ i
¥ 0.75eV¥tiT > £ % B (FWHM)+ 5 2 70-80 meVe % iii &

- R e A LM R R 15 fo2 S H ke i B R LY o

‘30\4

i B B BA D 071eVigiTs 2L 55 (FWHM)~ £ 5 55meV >

\

TR A AE A

AL ¢ TR RIS fy2 8 o B RERE £ 28 9 5 0.71eV
AV - R TR IS HAHE R E i N5
0.75¢V e @ ¢ SEM T # A 5%K > B 4-1-1> 7 nF &40 5k
SR U IS fy2 T o0 3 Rk g BRGS0 A
B1Sfy2 o Rl o N iA= G g2 g » X H k&
M A Mo
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=

A ER Webersivzh = 00 35 51 F) 5 & B4R F 2 & F 3 $05ta 18 Lk
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(Garich) eP%EE T > 2 £ § 45 (GaN) @ ¥ ¥ 446 252 £ 4

g% (Gadroplet) o & PR L H4gRFT > 5 F Mafeng £k

»g/

5+ (yellow emission ) o 4 % #-i%. ”’%frp? F3t o & RRE T
he§ 74+ (Nvacancy ) # BE4k 15 (point defects) %> @ H 8 37 12 e
2 ¢ L R o &t fp s iE (stacking faults) F BE o ot Yh > & B 4FED
#» 3 d#ch 411eVa § V4FENT 3 BArd A3 6eV o 30 b & BéFcE
CAFFRf e b € 5 A F % che T $0 4 (downward bended) > F] gt f sk
BrF EEH P g T oA IR B g Bk R B o

0 REE DR FR RS TR ET G R
B At L 0 g (36%) K B E L 3R EA R 0 A Y] e
BT REE Y REEER R AKFITE A (dome) VR 4FE Y & Y &3
A E S SR 4 b RICGIRE IR S5 S R (13K) kg E
Xk el 4-2-3 0 W LRAE T F RV Oseentk S en k6 A i tE
TR, Hag g F i) BAe e ioe B %ﬁ%ib om & ¥ %?Syf/’/‘ ~ 10
Frefg s B a5 el (13K) Ry sk Lom pigecsy o &

FIE of Rk E BRBEE 4 .

AT
>
fagd
g
X
=4
i
B
ﬁ

b MR kR Rk Bl 4-2-1 B P ETRER A IS 0 Bk
Wt B E ARG R 0.75eViiT o A P ETEERY A 15 2 (s H Sk en
HE AT MR 0.71eVHIT » 28 - L ORF MFEh R Y A~
0.69eV'™4 gL B > gL B 7 4 & p **Burstein-Moss > fls o @

“73} fBurstein-Moss»T fis 3 AR + Uk & o 0 g 2 ok AR
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BenEE# (blue shift) » & ¥ kit e F i BH B o aF MR ALY
Burstein-Moss < Jis #_4& ¥ A3 H Pl I § 0 R F] a3t § LAFEH e
FAZNABRAOFERETF (>10%m?)» ¥ 3 § L4 HT S §
PR (%L

MRMNEFFEEIRB g o R ok ai i

9% 0.042~0.070m, > #F0L BEA P T 3 8RR R

ﬂ@%%ﬁ°ifw¥?4%§ﬁﬁﬁ’ﬁﬁﬁ%#g%gﬂg,%u
kg B B B RFHPLF R EFTFIRA TR A R (7
PR+ kRO d X g L3RR EHR > 47 2B 2-22) %
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foR kR ER A B 2R I B ® A 4 (band structure >
E (k)) 7 B o I Wutd "F 27 7 3% win i § MR RS
%ﬁé—%wﬁaﬁﬁa’ﬁ%*%4%§ﬁ&ﬁ%%£¢%¢?§ﬁ
PRI 4-2-3 0 VP BRI E T ORARH B Tk A
e BRI ER N RN PR R e B A B A S o ki ok R enii B 2 kit

k3 i Beobg GdeT !
()~ [ [ 9,(E)F.(E ~E.)g,(E)T (E, ~E.)
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On(En) % T+ it & B> B EF T 3 i 5 % & (density of states )
Op(Ep) % T i i & GEpRF » 4 T Pt i B R 0 EpnBEpptt 2 B
B A hE g i FF (quasi-Fermi levels ) » f 22,8 & B T fren g of -1
F 5 I # (nonequilibrium Fermi-Dirac functions ) » Eg % it [4 o 2% -7
+ Rk R R E AR YA B A TRy, T A T - Bl4-2-4 -

d 3 g Y4 R FERGE AT R R O T R Y
W FH A EXT I RREL G

P00 ARl A SRR AL B ik o ¥ kA B
¥ ( peak energy )0.75eV > ¥ ik + -4 kTR 1 B
% T F F % (near band edge ) sf5 ST 8 o @ F K5k R 33 ch=t & S
£ (peak energy )0.71eV » ¥ 50T F puk R 2ot 5 H T A 1)L
DR AL X 88 2 FF (deep acceptor level )& 17 7 i ( deep acceptor level )
e A2 iR SRR o LT - Hamdie o MAtiE 43 507 o

R P TR 15 fr2 S & 0 k¥ kg £ (
energy )0.71eV ¥ it £+ p kR R Mo g T F DM RIFL
XM G TR E AL PFHESR c HREISEFRF 15 fi2 8
otk & AeBl 4-1-1(d) (o) (D) > At 5 < = & {A5F H4F)7 34 g
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2okR TR Y R R 0.71eV o ek B £ T fHiR S £
PR IS fjzm k& & FRFEa E 071eV o » kppt A3 &
S ) F 4R A R A Nk 0 @ kA R N E ( peak
energy )0.75eV » ¥ i K p R & H A5 F V4FR KR o
0 BE- BB R VAR R Bk F 0 VPR IR Sk sk
L opE 47 ek kg g o
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Interruption time_
per cycle

0 sec 1
=
8 5 sec ]
> | )
= i
c 10 sec
St )
= -
_ 15 sec |
o

40 sec

;_’,,x///ﬁ\\\; 20 sec |
A (7S

0.607  0:65 070 0.75 “ 080 .0.85 0.90
Energy (eV)

®14-2-1 SR (13K)k g ki o B9 dpdi > & & ¢ ST RIS, 2 = 4k
Seo HOGRIHM O BB 50.75eV 0 SR P SRR 1542 18 R

Fo Bk 5 0.71eV o
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© before etching
o after etching

PL intensity (a.u.)

13K Osec | 15sec ;
55ecf Er | ZOsecE
10secq{t 40sec

0.6 0.7 0.8 0.6 0.7 0.8
Energy (eV)

B14-2-2 PGR(13K) ke sk sk 2 o i3 K70 A b @ SRR S

H a8 OR (13K) R g % k3 o
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1.2

E (eV)

= X
ak%%i%%m%”°?ﬁ{¢%# m®%%*ﬁmﬂ
Wi E o A ARG E

B 4-2-3 31 JWu'ehe % > @l R @D 3 ER X ] 2
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= o Hgh A 2 Hph LB
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R (Epn<Egno ) ° L Eb) REA T KR IFRB
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4.3 iR Ky kLH

B AB- B fRF Y EFR N Bk B AR R R ok
KFNTR o ERIEARKIBKIIZ R RE i g T HP I BR > &
2.0 P sk el kK F P - A ~22W/em® o ez %A K T o
T kPR & kP E Ea £ ERNE R OB R &7 BB 4-3-1

BRI R kRN R Y o AT UG D] Ar & AR
RF o T K TR RIS 0f) S0 RS 0§ R K
denk g B € oA 13K B @ ~30meV e 45 (red shift) o 4o %
i BRI R AL T s e F e R B he 3 e g
= 5 4 ﬁ"ﬁ/)é\‘ AT 0 VIR A F Varshind 735 5 2550 0 8 kR ok
K eE Eae £ 8 & PR RGBT B

- _ozT2
E(T)=E, 54T

BLaSE > a~3.5<10"V/K " p~800K - izt hit % kgt > 2 £ ¢ ¥
PER 1S Fy 2o m ek Sdo L d s ey 1 4FFE - % 4 F B8 (band

to band transition) °

B AP G- AP RS LY SRR R f 8 B

BEERFRFOREY (L7 SEFAYE 15420440 F)) >

£ ipi8 & 13K ) 60K > 7 ‘él”%é%%&mﬁﬁﬁg’ﬁ—%i
iz # (red shift) X 5 15meV 1 k¥ B0 £9 5 0.7eV i ¥ = F
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i# A& P>t Varshini e05 8 58 ¢ 5o @ 60K T| 140K > 7 11 g 7 % 3#
g B A 0 7 8 e S (blue shift) X 5 7TmeV e 2 {64 140K I %

EFeE B £ .95 10meV chie# > IR RHS “ S - shaped "
ket B £ RE 0 o 4-3-2 0

FEUE AR P RTERR 1S f)2 (5 iR ke kA4 Ak

HEF WA B 19meV’J¢»,T*—«p»EJr19meVrTJ '3 - MBA

i fs < 88 = F¥ (deep acceptor level) &g 2 > @ i F ¢ X kg2 R
RS A A Rk ’Wﬁﬁjé(trap)“ RS RSB TR ) S

B 0 220K 1 bt R eng e RS ek il R 2

5w ok k¥ enig @ i # ¢4 Varshini (085 oV d

e
K2
=
1%
)i
f*fft

1 f# s s (ocalization effect ) » TR AP g K PO TR
FSHie 1S fia

ﬂ

el IR 17 L 3 % AR I (TRPL) -
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Nomualized intensity (a.u.)

13K to 300K ¥~
65 0.70 0.75 0.80

Energy (eV)

B 4-3-1 %8 ko o & k@
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Peak energy (eV)

077
0.76
0.75
0.74
0.73
0.72
0.71
0.70
0.69
0.68
067
0esg

Bl 4-3-2 % b F LB E N EApH R R W

i A& QA0 a
O™ .

&« 5 sec <& 20s5ec
A 10sec 40 sec

0 50 100150200 250 300

Temperature (K)
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4.4 PERF BTk ¥ % k3

FE TR S Fde 15 fr R S eniOR (13K) P P 347 5k g F % %
o 4oBl 4-4-1 0 B¢ o A d kT B H g (photomultiplier tube )& iR 7
it B Y KPR AT lidE > TH LRI NI I A G oo MY kph
B endicdy > Vol F R SRR BT R R DI R
I(ty=loexp(-t/1)' > 45 it > Bl 5 A hesi B 0 TE RRFEE K o T
A4 EH o B 442 5 2L SEERELS e 15 AR Sen R R T B
7 e ko ki B B S iy 0 T d InGaAs sk - &4 78 PIE FIEF
B o gy R L FHF R etk AT IR 44207 o B Bor oo &
£V 85 fide 15 F 5o s i ka8 £ Bl4gi8.0.76eV 0 0.71 eVEF
H % PR R ERE -

REE R moka Bl n 2 B IR 0 L A ik Uk
(localization effect ) g dh ¥ LiE /7 % % £ B » 4ol 4-4-2 (F > ¥ L%
FREEREH X PROFTFERZIEFRECEEH I M £
EFoadIAERETILRE c BB U RAL exp(-E /E) > RIH
kg ka2 i+ 2 G H(E) 4o

T(E) = Traa / {1+exp[(E-Ewne)/Eo)]} 4.4.1)

2Pty Z45H T 2 &9 ( radiative lifetime ) > By 2024 R
( mobility edge )it £ » § B ¥TESER S A P F A e S O <0
REF LTI > s TEABUF R ( localization depth ) » & £ 7 %

+ f.‘ifé e i’"% At :!é_ ° %%&(44 1)’\‘ P ¥ ijs‘%ﬁblrrad “Ene 2 Epe =

bl

PETERR S 4ok & H Tug ~Eme % Eo& % 5 410ps~0.78eV{r 6meV o
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oL R 15 # R EH Ty > Eme 2 Eo& B 5 450ps ~ 0.75eVir
19meV -
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Intensity (a.u.)
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&
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0TV
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58 Interruption

[ 1
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PL intensity (a.u.)
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/o

—l-l-_--h-" 1 A 1 1 A e senm b mens sl

055 080 065 070 0.5 080 085 0.00
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PL intensity (a.u.)

'] -
e
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-

A LRI RS 4 B (AFM) -~ 45 3 BcSL(SEM) £ Sk
¥k (PL) %3F3t= % (TMIn)® $rpF P 4§ (V42 Sk fchd & 2R
BREPFOPE gy Ld LB FF pAft (MOCVD)
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£ F CAFEDR N B o SINER A X P SRR 1S fiEfs 0 T E
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o &P ETESR 1S Mfs g o g LAFR R 0 MR (13K)
Kope kg £l 5 0.7leVeat B A prrie 7 Ft e R
Bk o

peek s d R R 13KE] 300K s R Ry Rk R R Y o IR A
£ 7 RTEER 15 (s ehfd 0 “s-shaped” Eck G L £ R 0 H2
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