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ABSTRACT: GaN nanowire (NW)-based hybrid structures have attracted attention for optoelectronic applications due to their high
surface area and efficient carrier transport. However, the optical transparency of GaN NWs is often limited by unintended residual
species accumulated on the surface and in the inter-wire regions, as well as defect-related absorption, leading to reduced light
transmission. In this work, we demonstrate that thermal annealing significantly improves the optical transparency of GaN NWs grown
on indium tin oxide (ITO)/glass substrates. The transmittance increased from 47.9% to 78.5% at 550 nm after rapid thermal annealing
at 800°C for 3 min, while a comparable value (~75.5%) was achieved at 600°C for 5 min. CsPbBr; was deposited onto the GaN NWs
to form hybrid structures, and temperature-dependent photoluminescence (TDPL) measurements revealed enhanced emission
stability with suppressed peak shift and reduced spectral broadening. Arrhenius analysis based on a two-channel model revealed that
the activation energy of the dominant non-radiative recombination pathway increased from 62 meV in the as-grown sample to 85 meV
after thermal annealing, while its relative contribution remained nearly unchanged. In contrast, the shallow trap-assisted pathway
exhibited a similar activation energy of approximately 6 meV in both samples, but its contribution decreased from 0.35 to 0.17 after
annealing. As a result, the internal quantum efficiency (IQE) improved from 75.9% to 87.4%. These results show that thermal annealing
improves optical transparency by removing residuals and suppresses defect-related recombination, leading to enhanced carrier
dynamics and improved optical performance of CsPbBrs-based hybrid structures.
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1 M2

GaN HI-2to]o](nanowire, NW)= W= =Y, 93t A%
g, 183 w2 ¥4 9 3ok S 7INte R Iga
2L, BHE7), SRR & oFRr FAA axjo] AE 7
gt FE2E AFHIL Aok [1,2]. 53] NW 2= 33
AT 22 HEHES B9 F55 2 Aot &%
HAZ % Slos), theket 7|3 YoIAY olF HAo] 7
St olH 88 715A40] 2o} [3]. GaN Nwsi BAA
of 3 & A](molecular beam epitaxy, MBE)2} Z+-2 E8]Z2HH &
ol +32E 5 oH, 3 Y E £37 A HAUE
H| WA 2 o|gfEo] Qlo] F& A7} -golsttt [4,5]. o]
3 B2 g3 Yikeolo] I AEE Y= 3 T
dofl fst, FAA a4 AEZ 9% 7|8 £2E &&
g 3 Ut [6].

Ty A4E GaN NWs= A4 olF ¥ 2 Ao &7
stk Eoud 2% AHE s F8d 54 sk UE
9 £ Qloh &3] NWs EHIF NW Afo] F7tof] ZH 5 H]
gu/A HE2 AHY S35 fEstH, 7HE FFAY
FEHNEE HaA7le F8 aRlog Z-83itt (7). ol
Bk gk ot 2 AR aael EEY, AA|
BEa 719 4 £A4E olojXih. E3E, olgt A AH
= &5 BZolA Urbach tail2 WEh= Blo|A4a] 33t
AsS FEdtH, ols #+2F FAALL 48k oA A
Blo] EAE Wttt [8]. AT o g, olet E4L A
LA A QAR AEE Asfista, @S oIAY Fe5
9 2 582 ARtsts 8908 g3tk webs GaN
NWsE FH=; 2440f A-85H7] fJefiA= 8% olF zhgFst

E
=
S

L B4E 9 AY AU Aolsty, BRI 54 AN
L 4ol Basht. AXY TP B AW vEy
HEe AASI 724 2% WSk Yo B8
% glou, aXe Ao B Wby B4 wsjel 1 9
of e YA BHL 33| olRolAA] Yttt
gh, Hzols Yelol= MmmAiolEo] 94 Fob4
42 RAFHAE, WSt S % 7] L AM]
Qe TR Sloluels o] g ATt sl A
A

o

Qltt [9,10]. £3], GaN 7|8t A= =51 3}5H4 oA
A, w2 84 ¢4, 181 Hojd AR olsE FAll
7H]E HFEA|ZA], CsPbBret 22 HEHATIO|EQL Zjt
H FZRo|A HAR<4Z(electron transport layer, ETL)O. 2 &
€ 7Fs7dol AA=EAL At [9-11]. o9t &2 HTS <
3t Ui-ofolof xR ofyet "M GaN, Hhdh, 9 et
et PeHE mgste] = glon, E3] GaN NWs

=

TolA= MBEE o]8sto] d&E GaN NWsof tfs]
%2 (rapid thermal annealing, RTA) 54-& Z-85}1,
A7 2% 9 Ago] e BEI} 54 s Z4H 2
SHow waslon. w3, HYsky A 1S 48
GaN NWsE ETLE 2-85t3l, 71 9]o] CsPbBrE A¥A
sof solnIE RS Y4 olg Jes L
ol&4 33 (temperature-dependent photoluminescence, TDPL)
54, Arthenius 4], 718|311 WHFAFF S(internal quantum
efficiency, IQEy& H7Igo 2, FXF o] W& GaN =2}
oloje] Feral sjxo] B W BAo] VAL Age
AT 2 AFoAs EAEE 3 GaN Hieetolof
9] FEN 543 4% HHE FAl9l /MAdstal, o]E ETL
2 g8alo] CsPbB BARS WY B4, AF A, 1
A3 URYREE FHE TR ol Aok Nw
T£9| FoHH AL FHHCE AojstL, o5 A FA
A 47 A5 e AAT & ULe HolEh

b 2
e

ol o R i rfe

10 oM

2 M Y

2.1 ITO/glass 7| FHx{2| 2

2 Ao AREE ITO BHeh2 RF HIIHEE AHEY(RF
magnetron sputtering) 7]¥H-S ©]-&5}9] fused silica (glass) 7]
o 9ol A FEEUS. S22 5740 dA, 71T obAlE
I olamayd IFASE oS HE &1 A FHE &
3 EES AASHAH ITO k2 204 of23 &2t
Z0kE o]gsto] oF 100 nm FA= F2E o, ojuf <17}
= RF 3E 60 W, ¥ 4FL 2.5 mTorr, o2 7kA &
L 25 sceml. 2 GA|5H9 ).

Zzto] &a¥ 291X 379 ITO/glass 7|2 o]%F GaN
NWs 4845 98 14 27|=2 dd=Qdnh. dgd 7|32 &
HEGog FAHE 1T0 T 2RSS FI7I7]1 Ash
RTA 374 A&sIqltt. GA 2= RTA A|AH UoA] At
2 89171 stoll 650°C7HA] 7Fgsto] = Ut olnf 52
Eh= 200028 AAstglon, did =4 s&E 5 &
Agt &, AlEe g oA A Y= ]l
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22 MBE &%

Sio] = #-g GaN NWs= ITO/glass 7] 9o MBE
AEE o] gsto] AAE I Y Y A, 7|HE ®ZE
W} Al 7RSSl EwES AASHIH olF 7|
Hof| dstal, #HO 7 4 UF o 48 AASHI
Qs et geel FH| oA 242 200°C 9 650°CE
I AL SASIAL. GaN NWs 4FL 2H57] 99, 2
A 718 2EF 500°CE AAste] 302 52t -3 GaN A
2Z(wetting layer)= FAJ5IA . Wetting layer 437 0|5, 7]
o 25 750°CE F25t0] 2/ 5% 24Z »n-d
GaN NWs g2 Jgstct. ojnff 2E 7|# == 44
s o]&sto] AUstA SAHEHIUT. A4 FFHeEs 4
4 EG20RE ARSI oW, Ga 449 /¥ 57F 4 (beam
equivalent pressure, BEP)2 1.0 X 10-7 TorrZ -3-A|3}9t}t. &
Sl n-d TP Y3 Si EHE A9 2L = 1,180°CE 117%
So] AL

>

® oo

2.3 GaNNWs &99xd| 24

GaN NWs9| gota 54 7fde s RTA 342 2835
Hot. @A2l= RTA FHIE o]&sto] Ak £917] stelA
PO, AW W 7kA FEF2 100 scemO 2 F-A|5HS
o} AJHLS 20°C/29] $2 £E=E 600-800°CY BEH 2%
7HA] 7vdet &, ZF 270 wet s 2&oA 1-102 57t
FABkAT. olF A7 SrE AHS ¥ WA Ad
Y=k 2 T2 NWs EH Z NW Aojo] ZF3sh=
v AES AAst, £ AH % AW E45 A
st7] f1s A-8= A

2.4 CsPbBr; HIX Y AH FE

CsPbBr; A1A] &N CsBrit PbBrE dimethylformamide
(DMF)2} dimethyl sulfoxide (DMSO)2] &3} Zujjo]] &-3f5}
05 M 52 ARSIk AFAl= 2004 308 3¢ o
wstol 98] BelNZOn, Bolo] FAHE st I
o 045 um syringe filterS o] §5te] ojzsgict ZvE §
B2 GaNNWs7} FAE 713 Yol 2F 50 uLE drop casting

3 %, 3,000 pmolA 30% F9F 28 TYsho] Lhizslo]o]
B9 % thieglolo] Alo] Flo] FUSH] REHES 59
o} olF AL 3t SOl YA 100°CAA 60 B
HeE SYsto] guiE AAST CsPoBr AYAE =

Stgitt o] BAollA HFA &AL Hiegtolo] Ato] FIto
2 HEst] thAA(polycrystalline) CsPbBrs ¥HaH-g P AJ519)
o} [12].

25 PL EM &4

PL 5/J-& 325 nm He-Cd F[o|AE FUOR2 AREsIo] &
SkQith. FlojAle AlHo Ao ® FAFEGIOH, of7] &
(excitation powery2> 2F 1.0 mW=Z F-A|3}%itt. TDPL &%
H<3t FF(closed-cycle He) F&to]Q AB(cryostat)S ©]-&
sto] Esklon, 54 2= W= 10Ko|A 300 K7HA| =
Akt = Ao71E ol&sto] AUkl 2= HEA
2 AolsdT. 4 £E AN PL AMEZS 5
excitation power % 335+ A H(optical alignment) 7] 4]

Hstol dole AAe shuslg. S¥E PL %
(intensity)= 2o W& B4 43 (quenching) 752 4
317) A3 Arhenius 41 olgsto] WEsleh 10EE AL
(10 K)T}F AF2(300 K)OJ 4] PL intensity H]Z o]-83to] A4k
steick

1% o2

rlo

F1 e ol

3 Zu} gl =k
3.1 GaNNWs M%

A GaN NWs 72 918l 1TO/glass 7]9o] tisf 242
segoto] 71w AARAES MAdotdth 19 1(a)ol YEr
vl9} Zro], dAa A ITO EHLS =33t AA o] T
2] = v HEst FHE EHolth v, 1™ 1(b<t

= b A= gEst 299 2
4 ok A" 1To o] B+

= ot o

Eulo] 24T oF GaN Uiglololo] o 44 X 4%
AGol R 7% 2AS AFUL 1 I AN

ITO/glass 717 Qo] MBEZ ©]-83}0] A&%E GaN NWs9]
SEM o|u|Z & YERd Zo]th GaN NWsi= 750°Cofl 4] 2417k
B BAENCH, A 271 wetting layer P4 ©]F Ll
Stoloj7} P AU AFE hieloloj= B A7 <F 80
nm, °] 9F 300 nm9] F4T FAS UEhlH, 7| gt
of 24 HnH Y3t BXZE HQlth E3, Lpelojo] T
Ze 710 2 BRFo g ek e UEhH, o=
MBE 374042] A7} £ (self-assembled) 4d S HF
@it
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GaN NWs grown on ITO/glass

Fig. 1. SEM images of (a) an ITO/glass substrate before thermal
annealing, (b) an ITO/glass substrate after thermal annealing, and
(c) GaN NWs grown on the annealed ITO/glass substrate by MBE

QA2 A% AEe FEA UIE BYS] A Xy
diffraction (XRD) 24& 43513 tt. 18 2= GaN Y=}
oloj7} FAHH 1TO/glass 7|2 AT HF XRD HeS
e Zojth dA 7 A AJHlA= ITO (222), (400) 52
3d T 37t AiFoR 2 intensity?} Y- peak widths
ZHA ™ veRdtt ol ITO BfEte] ZA4do] &0 WEE
A k2 S oulgitt. Hhd, A o]FoE FY I
A 139 intensity”} Z7}5t10 peak’} ET} sharpstA UER
U, o]x= ZAXIHcrystallization) L AFH AA(grain
growth)o] XY= Hojrh Egh AT oA It
B9 In ¥ Sn /o] grain boundary FHOE o|F5LAL}
S (segregation)d 7Fs/dol 3o, o2t 54 B &
544 AEL e FHeE 28 & oot o3t 4

2 ARk,

GaN NWs on ITO/Glass
(After Thermal Annealing)

170 (222)

170 (211)
170 (222)

170 (400)
170 (440)

g
i

GaN NWs on ITO/Glass
(Before Thermal Annealing)
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Fig. 2. XRD patterns of GaN NWs on ITO/glass before and after

thermal annealing

3.2 GaNNWs EX{|0f OE Fit: g}

GaN NWs9| F5Hd a3t AQlS Hsta, FAHE B¢
5T B4 1A 7hsdS Brisk] el oheket 2704
RTA 342 48390} 17 3 A2 7o) 42 AW
of a4 WEE PHo= wwa] Ao BB o)y
ojth. 7] /g% E(as-grown) GaN NWs A|HE HAHOoZ
o] Fg MAZ YEH, o= NWs EH 9 NW Afo] Y
o EAct= x4y A&l Qs FE57t SUKE An=
SiAE W, FAYE YL AlHo A= ®Hol HF
ERoiAE AFS HolH, 53] @AY AlZto] F7HdE
ojF% FHo] HAastil Hry FUS TPt FHEH 2
T 270 4E v i, 52 2Efo 2= FUt £y
T gHs7| ofFal, FET AT ATto] FHE|ojoF &
o EFot= T4 FAol EFFOoE AARE= AoRE Y
Ebgttt ESH st 2% XA A= ITO/glass S32] &
WA} A4 (thermal expansion coefficient) x}o|o] 2]} AH =t
g 3o Aot IS 4 onz Aoz Yo 2
oA FEE AR S FAHE s o] Hof ¢t
AR Ho=2 gdd

% 3004 ERIE BEAE olFg A9 7] A% GaN
NWs AJH2 NWs EH 2 NW Ato] Fzho] EAfst= H|9|
T AR AT B F7HE wrgRtth ol FekH
B4 @ 12 ASdE R S5 S 93t
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800 °C, 1 min 800 °C, 3 min As grown
.\'&
g
700 °C, 1 min 700 °C, 3 min 700 °C, 5 min
' |
| ) N
{
| | A\
600 °C, 1 min 600 °C, 3 min 600 °C, 5 min

Fig. 3. Photographs of GaN NWs samples on ITO/glass substrates
under different RTA conditions

Aol 2 oujshe AoZ NHrt. OF 49 §
I AHEHS 53 ol HAH WSS HFHo=z I
Qe 4= Qlrt. lTO/glass 7]”&% 7HAI3S G Yol A 1:8 LS

£ HOlt}h W, GaN NWs7} FAE as-grown A|HOJA=
&Y oA FHETE oF 47.9% $EOE F43] FAagt
o} o] NWs o] o8 F71st F A& Zolet 3, &
A 2 A EAste AF % HY=A R0l e T
Ao g Agsto] FEAS F= Aol

FAP 2o wE Hla Ay}, 800°CoA 3% F9 EAE
@ RS T G S e FAEE Ui,
GOIA oF 78.5% SE7HA B, ol 1e
GRIE B Eeio] 248 §7) ARE Ex w9 4
o] AAHT, At Aut ol vt BE4L mRA
o od Anz spHEc. S, BA FHIA Wy
o= Aj8f L (reconstruction) L A ZA A SKrecrystallization)=
7Y A" 4EE AT FeH Fd8E P
g2 & 4 9t I} 800°CeF Te 1L FANA=
ITO/glass 7]} GaN Ato]o] FW3} Al Zolof ofsf A
2 Z=o| F7kslH, ol& AW ¥t Ei= = (delamination)
2 olold 4 gtk e 110 29 W74 © Fehy =4
Aot VAR EASER, B A4 ZHolN B 2
o,

1)

100}

80t

601

40t

=600 °C, 5 min
=700 °C, 5 min
=800 °C, 3 min
= As grown
= |TO/glass

Transmittance (%)

201

07300 200 500 600 700 800
Wavelength (nm)

Fig. 4. Optical transmittance spectra of ITO/glass and GaN NWs
samples on ITO/glass substrates under different thermal annealing

conditions

o 2 600°C ZAA BALY AWL R00°C =
2 ol oRh v B UehiAE, T 27 7 Aol
A fhodd Aom fuiat 429 F7

FANAE 74 A %
755% SE7P FIE, ol Yo
= 323 9HY Dbt a5 e Juid ol
¥ A @A Swuct @Rl Agel oA 25 A

g0l 9 A IFE T A AFgte},

Eiz /\‘LﬂlE‘D“Oﬂfﬂ Oﬂ 1JrE}Urh Qe 71e
7]%= Urbach tailo] 333 }11] ]~ FzA 2R 1 Al
sl B =43t ofvA HHE Wttt 2 AtolA
L EngNet $4415(e) Aole] Al aoc—ln(T)% 7|

0 2 Urbach tail 4L 7Fd&F o2 BA59T 27] A%
g AHo| AL kgt 71.2719] Urbach tailo] YehtH, o]
=0 A% o} njAA Ao ZA=S Ju|sict vid
A2 AJHof| A= Urbach tailo] 748k B} 22 o}
ZA7 349k ol @A #HAolA E 2 AW 73%}
o] Zastal, HYEA F4 FAol AAH wet o
(band edge) <-4 ] e W7t A AR oﬂﬁgq.

33 GaN NWs/CsPbBr; ZEM 24

GaN NWs 7|4t sfo]Ha]|= Lxo]A] CsPbBro] &4 A%
4 AW EA4E BAHop] A +x& B4 B7HE ot
Act. 39 5% GaN Yietolo] 9jof CsPbBr7} F4H +
Z 9 AW EAL Yehd Aotk 18 5(a)= GaN NWs 9
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of CsPbBrt 29 T8 $HE B9 WAHE 3PS 24
Moz e ol 89 34 Tl H CsPhBry AT
A= NW Ato] Fzro g XFshy, A olF NW 7
9 YR Il 2A A&l B4F= BT 19 5(b)
9] o EIAAFEU|H(transmission  electron  microscopy,
TEM) ofu|x|ofA &ele 4 %050, CsPbBrs= GaN NWs
ol AdstA FAE R ol NW Afo] I3+ &y}
Moz Al W B ol AU FRE FAI ol
St 3 F8o] opd, NW 7|9k 3349 32 Yo A9
b Ajgol oloiee elulgich. ojziet 72y By
g4 8 Ao WE AR B4 Qo] FR e T
a9 5= AR BAFE XA EFH(energy-dispersive X-
ray spectroscopy, EDS) U (mapping) ZAI}Z, GaN NW}
CoPbBrs 74 92:9) 7 BEE Lhehdl Zolch N 9 Ga
Ao = Yieeolo] oA FIsHA #EEH, Cs, Pb, Br
A o= Hieetolo] Afo] & AR o] FUstA Extt
ol CsPbBr7} Uhestolo] Ajo] 24t BeiiAl FEatol
BE U2, GaNT} CsPbBrs Ato]of] A&2]Q1 AHol P4

J

r
|

o)
~

©

)
=

Wi

Fig. 5. (a) Schematic illustration of CsPbBr; deposition on GaN
NWs via spin-coating process, (b) cross-sectional TEM image of
the CsPbBr;/GaN N'Ws hybrid structure, and (c) EDS elemental
mapping images showing the spatial distribution of Ga, N, Cs, Pb,

Br, and In elements

A2 9n]gtth

GaN NWs 7|5t CsPbBr; slo|B2|= FLRojA AT &3
o] FaHA A 9 AL B HA= FFE FEs5t
7] 98l 2% 9j&/4 PL EA B7HE 35Stk 19 6(a)
= &7] 47H GaN NWs 9o P4J% CsPbBrs A|HY] 2
= 9 PL AHERZ YEhH, 117 6(b)= 600°C, 5%
Z70|A EA2E GaNNWs fJo] B/ AlH 2=
it} 1% 6(a)9] 27] AE AlHAlAE =71 10 K
A 300 K& Z715to] whgl PL peak position®] 519.5 nmo]|
Al 5168 nm= FAHO = o]y, HwA & HM Ho
(blue-shift)7} 3= o]t W3 o|S(peak shift)S 2%
Z7lo s 2% D Z435E Ale(localized states)o] EE
HAH AFojso] & AHAE ¥ol Hoh w2 U &
Qe fgdo®E AREH wet et ASCE 4
"}, E3], A2o4= Nws B 2 Ade] A &9
43 H AEolso] FH o] 7osiAR, =7}
setol Wt o]E0] B3 H&(thermal escape)S & =4
3} oflvA] FHe FESAL didd A A Ao &

—_~
V)
~—

CsPbBrsy/As grown NW

—10K
—20K
—30K
—40K
— 70K
—— 100K
— 150K
——200K
—— 300K

PL intensity (a.u.)

460 480 500 520 540 560 580
Wavelength (nm)

CsPbBr,/600°C, 5 min

— 10K

PL intensity (a.u) £

460 480 500 520 540 560 580
Wavelength (nm)

Fig. 6. Temperature-dependent PL spectra of CsPbBr; deposited
on (a) as-grown GaN NWs and (b) thermally treated GaN NWs
(600°C, 5 min)
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B2 Hol=HA I U7t A5dte AsS Elth
ESE WEX|Z(full width at half maximum, FWHM)2 10.7 nmo|
Al 153 nmZ F7Fet 2% Aol mEt £3g AHEY
S (spectral broadening)?] YEFAT) o] A E-Z= AT
A2 (exciton-phonon interaction)?] &7}ql otuz}, ZAgH @
Eddst 24 FxE A% H|Fd  E7(inhomogeneous
broadening)o] S-Alo| 283t AtE sfAHt E9], +24
FAAZE & BF 09I AdA &9 27 EA6HA &
of &= F7F Al B W& o|A] &LojA EFo] YA
Heh ¥, 19 6(h)Y FAZE AlHoA= 2k W
T2 PL peak shift7} IEER] gow, 113 YX]|(position)=
10 KollA 300 K7HA] 517.5 nmE FA|Rte ol= @49 374
S 53 23 Urrt gasty, F4skE Aol 2xvt
a3l wret Aelole] RIS oY Az SHEC
FWHM ®3} E3F as-grown AlH ojv] dAS] ZFasto
142 nmoJ A 153 nm $EC0& A=Al F7INEE Heldh
ol EAEE B9 AWH T L AW Aol A
A, g0l 7]ofsh= ouA] AEie] £27F Hoh #AdsiA
=2 gttt Ao g, IXH AH A= AAE A
SH(exciton recombination)©] E.T} band gap 4|04 ¥AYs}H
‘g5 WEHdTE PL intensity] 2= &M E F Al
T5e Zol7h TEE As-grown AJHAAE 2%
7toll whe} PL intensity7} HA3] f4axch= W, IAH
Hol A& intensity Fa7F AiF o= eutstA UEhdt
o3t thermal quenching 75-9] Aol= HIAL 2% A&
o] &3t A& Zpolof| 7]RIgtt} &, as-grown A|HO|A= 2
o % EFY AH7E FEste] 2= 57 Al A olrt BlAL
AEE HE2A AgEes 9, G4 Ao = ol
£ b} asto] WAL A ARl AHo R fAE:
o9t gL Am 1Y 44 B Exw Py 9
Urbach tail ZH4-9} 22082 AZHT A7 34 Uk
ofojo] ¥ 9 Ao EAsk= H|AEA &5 SHS Al
Astal F2A FAAE HAACEHN, F43E oyA|
Ao 9 g HaAYs 982 3t O 33, *2%
Hsto] mhE 7fE]o] FHSK(carrier dynamics)0] Mok QMY A
o7 {AEY, FaHH EAJY 2k oEAo] AitEE= AL
= ol 4 Uk

250 whE PL intensity T4 A5 FFHor HA51a,
QA2 2ol WAL AAT B4l oA e Blet
7] {13l Arrhenius 412 485ttt 1% 72 TDPLZ 7]
wro 2 1/Tof| tfall A+-433St Arrhenius plote WeRH Zlo|tt.
Arrhenius 42 ol o2 FHEHI, AR thE FAs)
NUAE Z= F 79 HPA AEY FEE et 2-
channel Arrhenius 23S Z-2-5}c} [13,14].

fe
N B

—-

oN & rir m o

A

A

—_—

3 100 e

© r. \‘A'IOE'BSmGV A,:0.17, E;: 6 meV

~ 80' f 11 1.0, Ey: ,» A 0.17, Ep:

Q . A;: 1.0, E;:62 meV, A,:0.35, E;: 6 meV

D ;

c

8 60}

=

4 B CsPbBry/As grown

o ® CsPbBry/Annealed (600°C/5 min)
40

0.00 0.02 0.04 0.06 0.08 0.10
1T (K™)

Fig. 7. Arrhenius plots and IQE analysis of CsPbBr; on GaN NW

structures with and without thermal annealing

Iy

M= () + Azexn (122) (M
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