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SYNTHESIS AND PHOTOELECTRIC DETECTION
PROPERTIES OF ANTIMONY BASED
SEMICONDUCTOR NANOMATERIALS

ABSTRACT

Antimony-based semiconductor materials with high mobility, narrow
bandgap, strong spin-orbit coupling and high g-factor have a wide range of
applications in the fields of thermoelectric conversion, lithium-ion/sodium-
ion batteries, photodetectors, lasers and sensors. Among them, indium
antimonide (InSb) is an antimony-based I1I-V semiconductor. Because of
its very narrow band gap (0.17 eV), big carrier mobility (~ 80000 cm?V-'S"
1), low resistivity and environmental protection and non-toxicity of the
characteristics of a wide range of attention. It i1s commonly used as an
important material for the fabrication of infrared detectors and other
optoelectronic devices. Nanomaterials have different physical and
chemical properties from macroscopic materials due to their size at the
nanometer level. Aroused the interest in tuning the structure of antimony-
based semiconductor nanomaterials. InSb nanomaterials of various
morphologies have appeared one after another and are classified into three

categories according to their dimensionality: two-dimensional, one-
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dimensional and zero-dimensional. Among them, one-dimensional InSb
nanowires have been developed by various synthesis methods, including
chemical vapour deposition and molecular beam epitaxy and other vapour-
phase synthesis methods, due to their advantages of higher specific surface
area and higher anisotropy. However, conditions such as high temperature
and high pressure limit their wide application. This dissertation delineates
a methodology for synthesizing InSb nanowires via a low-temperature
liquid-phase synthesis approach, noted for its environmentally
conscientious attributes. Subsequently, these nanowires were seamlessly
incorporated into photodetectors to discern their photoelectric
characteristics. Below, a succinct overview of the primary components of
the thesis 1s provided.

(1) InSb nanowires with a twin-crystal structure were prepared using
a solution-liquid-solid (SLS) model in a liquid-phase synthesis method
under a low-temperature green environment, and the physical and
structural characteristics of the products were confirmed by means of
characteristic such as SEM, XRD, TEM, HRTEM and XPS. The
photoelectric properties were tested and it was found that there was a wide
band of positive optical response in the visible to near-infrared region. And
this phenomenon was tested and obtained without any external power
supply. After simple heat treatment InSb nanowires showed switching

behaviour from positive to negative photoconductivity. Conformal
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characterization results revealed that thick oxide shells and In,Os;
nanoparticles grew on the surface of the heat-treated InSb nanowires, and
these components acted as surface trap states and scattering center, which
reduced the density and mobility of free carriers. The UPS test results
demonstrated the relationship between the surface states of the InSb
nanowires and the surface energy band bending, which proved that the
calcination treatment induced a higher surface energy band bending,
accelerating the depletion of photogenerated hot electrons and thus
reducing the photoconductivity in the absence of light excitation. This
work provides a reference for novel photodetectors with convertible
photoconductivity properties.

(2) In order to further improve the optoelectronic properties of the
above prepared InSb nanowires, a strategy of loading Au nanoparticles
with localised surface plasmon resonance effect onto InSb nanowires for
enhancing the optoelectronic properties in the visible-NIR region is
proposed. The fabrication of Au NPs@InSb NWs nanostructured materials
was carried out in a liquid phase environment. They were integrated into a
photodetector for optoelectronic performance testing. The results show that
the switching ratio under the excitation of 980 nm light is improved by
three orders of magnitude after loading Au nanoparticles. In addition to this,
the maximum values of responsivity and specific detectivity at an optical

power density of 36 mW c¢m™ reached 0.68 mA W-! and 1.03 x 10'° Jones,



TR IERFMLTFMIEX

and the devices also exhibited more sensitive rise and fall times of 20.4 and
41.5 ps, respectively. These devices inherit the self-powered as well as the
wide-band characteristics of previously measured InSb photodetectors.
The spatial electromagnetic field distribution verified that the
electromagnetic field enhancement induced by Au nanoparticles as well as
the hot electron transfer improved the photovoltaic performance. This work
provides an effective way to enhance the optoelectronic performance of
antimony-based semiconductor nanomaterials.

KEY WORDS: InSb nanowires, Liquid-phase synthesis, Photodetectors,

Negative photoresponse, Self-powered
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Fig.1-2 A demonstration of nanowires growth model
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Fig. 1-3 Characteristics of Pd-catalyzed GaSb nanowires were analyzed, encompassing
morphology, crystal structure, and tip length statistics. (a) Transmission electron microscopy
(TEM) images, (b) high-resolution TEM (HRTEM) images capturing the catalyst/body region of a
representative nanowire, accompanied by corresponding fast Fourier transform (FFT) images. (c)
Statistical data was presented on PdsGa4 catalyst tip lengths for nanowires with tip lengths of 26

and 107 nm. %!
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Fig.1-4 InSb NWs synthesis diagram(?]
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Fig.1-5 (a) Representative TEM image for the InSb NWs, (b) magnified TEM image, (c) HRTEM
image, and (d) corresponding SAED pattern, recorded along the (011) zone axis for a typical
singular nanowire with twinning superlattices. Short arrows in (b) indicate the locations of twin

planes in the nanowire(*®!
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Fig.1-6 Diagram of the growth process and SEM images of the InSb nanosheets. (a) Schematic
demonstration of the growth process of the 2D InSb nanosheets. By tailoring the Sb/In BEP ratio,
the 2D InSb nanosheets were epitaxially grown on free-standing InAs nanowire stems that were
first grown on Si (111) substrates using Ag as catalyst. (b-g) and (h-1) Top and side view SEM
images of the InSb nanosheet epitaxially grown on 1D InAs nanowires with an Sb/In BEP ratio of

80, respectively!?3
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Fig.1-7 Ethylenediamine/water ratio diagram of ZnSb nanomaterials with different
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Monodisperse Colloid Growth (La Mer)
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Time ‘
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B 1-8 (a) HELabFISAZ A A KM B8 I La Mer BIRAEZE ch i 0 BB 7 4. BT AR
~F B I 1) PR TG K, T LASER 3ot 5 ST S 22 R R R 4 B — i R IR T
Moo (b)) il g v i FH ) 7 B B B P R s R B 20 SRR 1 s B i
Fig.1-8 (a) A diagram illustrating the processes of nucleation and growth in preparing
monodisperse nanocrystals within the framework of the La Mer model. As nanocrystal grow with
time, a size series of nanocrystal may be isolated by periodically removing aliquots from the
reaction vessel. (b) Illustration of the basic experimental setup used for synthesizing monodisperse
nanocrystal samples
MR X LEHHE 75, Nizamoglul* V55 NS H T — P& i iA AISb & s 7%
B, TE THF fENFE RGO, 8 = R R e A &L B 2 (R A8
o ML B TR IE = (= FRIEREIL) REILER. B, 1F 280 °CHEIE R =2
EMENEAET, BEEN = (ZHEER REERA LMK AlSh &1
o = CHEE AR — Pl J5 5], w] DAEEAIRIR T (R B 34 S B AN B R BT Aot
TR Al (0) A1 Sb (0) @bfh. B b R IR A BE NS T, 7
Vi e e Em e, MAERT 200 CHIR MR TR, PP Sls iz AT
REE GRS, RMIRAEYIWINFAZ 280 °C, Hr4k 20 %P, m&MS R4S Lt
VA5 RRLE [ S2BL 5-10 nm ) AISb & F s[4 A . [Flf, Crisp & AHUR{E
TR A R AR InSb BT AR . N T HiREAN, ZI R T E R AE A
BARY R E—ANIARE T, KA I CBRAE 110 °C R AEE T FRRrZ:
1 /NS o FEXTERIE AT AR, K SR A MR AN ) \JRTE 110 °CH = kel
FA AN, SRS AE 170 °CTN RS R BR A o J8 i SEge Xy b, RILIE T 5
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1.3 BHEFFEGRM R

1.3.1 i
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K, T ORE, p AHER, k e SRR AR, MR R4 SR MER
s Blhn,  RBH AR BRI H A RE R S AR BN IR ZT B A D
N 2 A REIE BT ML bW A Mk, (H el i danis 1R 5 2 a) ) o 2R AR
PE, $Ewn ZT FEAS IR . H A5 e i FA F A R 5 ] (0 7 B 4K
AT RE AT LK R i ML, RN AS S 25 B2 L A% o 3B SR PR REIA R 25 1F
BRI R 2k SR ZO0FT I~ AT g S AR LU )2 ik o MR L FH R VB
IEAEREFEANFIRB R RL . Ferb, B2 SARGRAD R BAT B m i f P g, BT
FAT e (R A L S R AR ) 26 DL 70 3 88 T 3 R UUE T MR S R e
MK 28 DU 5w R BCR R AR RS 7 A2 BE R [ A L 35 22 o SR B 75 ) AL Ik e Ao
FHURIE A PARGK AT R RES A ROt A RE R BN FERE . (RN, JEIL I ) Bk 3
RGURM R S5 R, Al DO RERT 454, AL A e . fan, @&
ERIB AR S EGK RSTRON, w] DL RETT (TS M REL o0 A, 4 v 3
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132 $BEFANSEFHED

HAT, SE 7 AB RE. BICA NG AR A5 o A R 4
A, FRB R T OB T s . AR A f s T RAR S pe IRl U T
T & L R B AR, EATIAAAE — S ] R, A5 s S B RROAS PAJZ L
Co 1 Ni LR 52 RIS, 4n 4, B (U 750 FBIRZE LRI
RE FELIY 1) = it e R 4t ) 2 A IR 75 3R, 38 1) 75 0] A B 1 H B AR B AR R
HATHE R IR R . ik, T Na's Mg?'. AP, Ca?. K'. FH CI 5 BB
JUR R R E SIS BB 7 . TEFTA IXEE R G0 rh, VST I E
BT HIBHBRAT B A, BB T R RE AR, IR 35 a5t
U8 AR A 4 TRV B A B 240 5 3 AR T 4% 52 R o I TAN S8R T R Hh [R])— e
TOE, BAMCLRERRIA BT, 0 AR A R AL SRTAT, BRI
JRF RS (102 A) KRTFHEET (076 A, FEEAIEBRIE S HFEZER.
5B, BTSSRSO, TN RS Rk, SR U
R IR [RGB 3 Al BAT v 25 B AR 5 0 0 1 B 6 SR AR A R
b, JET BRI BHE AL BUA T AR th R DL AL e (PR RE, PTRAEZ IR
PEIR R FREELRFE 500 & 800 mAhg ! PRI AEEM-0, ik T8 (Sb) K& )&
WEVME, X844 A BEENE ST Bt Ry Es 1 s b FHAR L A DA
SnSb & &AL A Y& SAENE R T I A FIP2, B &SN AR R
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fr, HRAE, RIFFRENELEREREFE NI R RERXERIFRVERERE
FRELTEURM BHE Y BB R 32 50, (EAE L B 1k B8 It b 1 A S PR s
EBAEAME REAE A A IE AL A vh S BRI I 5L, 18 1-9 ek
TBREEGKAARHE Y B ) S SEALEE o (B ARE R, B TAEE el 1
ZRhPUREER, ARETDIRIE . PURE/PUKRE PRk Z UK ALK 5
SRR B, B AL S LA TR AR 45 0 £ B AR A e I & 42
BRI e 1AL S VIR AR AL A PR RE RO RO& AT

3 =p Charge (\7\ Discharge o
X/
Discharge +
e - Li/Na
v L=
Charge

B 1-9 BRFEANRAA BT B AR IS ) S AL ERS3)

Fig.1-9 Reaction mechanism of antimony based nanomaterials as anodel?]

1.3.3 FEEIRNES

(1) RN Z LR

TR A5 L — R RS ROLE SR BN S 5 1A EIEH dot i —ARE
SOGBUE A CBUT R, 2GRS B LT F BN, 6 TR T P
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PRy TARRA T TS50 BEE BT RHIR IR TRERR E, e LRI &%
IR B AR AT TN Z FEA AL AL o BT, (RAEGKALRE (1 5L 9K 20
(I 51 N AT LA e 't HL e R S0CR R S, AT e SR 0 s B PR R« Ot FE AT 4%
RIS HRAEART LI, BREEHE TAE . e R IAE . D I E S AR R
RLFRIIRIN G o Tl ] 8 B ) B PR ASE AR 25 45 M SE AR B A 2%, sy 1 Ak
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REAREE E o B AR 8 1E BE R I ANT 3R iRy, D6 FERI A5 1R RABUE Wi B3
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BB BHABOR AT, St RIS MR BE D7 TR HAS 1 52 1)
Ko RUEMNE, JeRIRN AL REUE, R DL B i v S U5 R i
[TEiwN7 0%

(2) YRR A2 B da by

LRI A5 I VE RESR br BRI R, MR, AR, A ETRCR,
M 2 ] [ AL P 75 25 T R S5 S

JFKEL (switch ratio, ) A JGHUERIIE TG LR FRAERRIE TARIRE T,
o H A (R B R AT i /ML 8] R LR AR 9 BUAE 3 FH R A Bl 2% A A IS 5
FEFP BN ASVEEE R, o m] USRI &5 1) R BRI A5 e LL SR g o T AT An T
1A R IRP,

Iphoto

(1-1)

Idark

o, Tonowo ARG RIS TARRGE NG S, Taanc ARG IRINEE R TAF
RETHIHRFUE T o Iphoto 5 Laark FIERAZIY N Ao B0 BT IR0 LE RS 2RI 245 7T A
ARAIX 7 H b SR RS, AT RS SRR EE. A, JF
R LU AT DL ER I & 45 B PR BE T A& BLRE JT, X /5 BAEAN DG s a6 T L
((EEDINAEERZ5 =9 WA -

Wi ML (responsivity, R FH T HEIR G5 0 fy NG5 5 HOBBURRE B2 () — A
EESHL, W N AT PAE SO A 5 5 S AL E 5 2 I EGIR R, €
TR AT A CT AR 51 F e R B A . AT BU IR 2 SRR
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Horr, I, A1 Ta 73 0A Tohoto 5 Laan FIZES, P AANGIGINE, AL W. S AH R
SOGPETIAR, AL em?e PRIL, e A I L B8 R R R 38 % A5 5 B8 Bk,
RN S 5Nk 1 VA A8 @7 R 7L e v T AN O (23 S e
SR SR R

FLERINZE (detectivity, D*) FH T EARMI &8 76 AL I DGAS S IR R 5082 Atk
RE, & S Ree,

. RS

b= ,/ZGId (1_3)

Hop, RZ ESCRBIMMNEE, e AICHMAIHEMAE (L8 1.6x107C). K
MR 2R B, LA SRS e 37 JEE DA K i LA PSP 7 AR I B o TR,
B3 e P LR 0 23 T A S RN 88 E e D' A5 5 i LA B s 1) RS A e 7E S B
LA A, BRI A VTl ' PRI 2L A 25 I B F R AR 2 —, R AE R A
MFGHAZ 5 3CE BRm REUEIS AT, ORISR I 5 TOH BB i 2R I 2% 1 1k
RER I .

I HLARI 28 A A T80  (External Quantum Efficiency, EQE) &% —4 HE
TTERES L, H TR KOLIE SR BN HBAE 5 IRCE . SME T RCRIE R
FE 43 P B 7 B3R, B R AN B e i o 2 /3l e e
NHET . SMETFRRGEHEKA R, W AR KR Lm . ST R
Lhadid LT A 2k 587,

Al hv _ hc Rx1240

EQE= —x —=Rx —=

100° 1-4
7T 7 x100% (1-4)

Hr, h=6.626x1034J/s, ¢=3.0x 103 m/s, A RAFEIK, HAL nm. FhET
BOERIME R, R RSO E 5 MR .

't ELER N S48 P ) 2B T 2 PR 28 RSB A5 5 3177 A i 2 14 B ] 18] B o
HARSRYL, —ANmaRE A B S IR . EFRRTT (o) 24RE S M BT
T 10% B T2 90%Fr & (IR, NRERE] (t6) 24815 5 MBI 90% T FF
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B 10%T 75 I B] o o S B [ 36 3 2 TR 28 MOAE SR B A A5 5
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XAE T AT PO AR S 3 G, WnGIEAE . WO TR IR, PRINEE
J B TR0 0 A B S o SR 7 1) A S R 88 R 0% B PRt 0] 15 5 A8 e Bz
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I 75 2 2 I % (Noise Equivalence Power, NEP) F TR £ 28 7E B0t 3%
5T N P AR R KT o NEP JRARERI A GTIZOY 1 TUReIS, R0 &4 15 5
SRS SN . Rk, NEP B/, FoRPRINEEEBOLIE 5 1 F= 4
(Mg BRSO TR N 55 D11 R SR v R RS B R R B . NEP I8 A LA
STEB UM/ /s v = AP

ﬁn (1-5)
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Hrfr, NEP A2 W/HZ'?, i fEDI%N 1Hz FIREH, H$A A/Hz'Y,
R AWHRIEE . NEP =2 &R e DG S S S -FIE S, B
(] NEP {8 &R BRI s AEAS DG AF 5 I H AT 58 ) R BB AL R
(3) S HERIZE 72
D' FELR I 28 AR ) 3 B 23 2R RT AR b R G ANZLAME A R B o 3X
LA [R] R B A LRI 25 £E % 1 UG AT A6 )02 ) S I FIRIE 5 o 46 B Bl 6 4
I RIEERAN (NUV)L 4L (MUV) FLEZEEAN (FUV) =ANFHi B KAMEH
I ERAEICZ) . FREE I AR S U G RN . H AT 7T 3 24
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AU B A0 B AR AT S5 D5 T . AT LG B Y R 20 4E 380 | 750 nm 2 [,
e NIRRT LR 1 B o A2 X AN B, W] OGO AR 28 a2 R A T35k
B AL, Wi RSO a0 F T A PR = BB R R0
SEAT TN I AR e 7 DA B BRI A R D AR 7 T o 21 A1 BOE 5 45 Rl 43 il 41 4b
(NIR). L4 (MIR) FZL A (FIR) =AN T B ZLANE IR B E 5
2B BRIT L ARSI A RN . S HT T AT A S AL AR
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1.4 REXHIEEERMEEAR
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BT A, IRFRIGURESHE4S InSb £33 7T Z BRI TERE . — 4GRS
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T InSb GHK R 1 FARIIH M I [r ey 7 21 67 i) i S (R 5GAT . PEA
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SRR TH A5 B TR IRAT A R T AR F AR RE 1 IR R IR . AT, XA
AR BN A5 T ) 3 T A5 B TR IR KRR R G T K e 1tk RE G FELAR I 25
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P, OFEAIR TS &8 &RAPAELAGHLERT®, REET
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BT, — PRI I R AR T OB TE G BT R, 7ESGIR G T B S 3 BRI,
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I RIB R FEABLS], X0 F it AL m PERE R &5 BT EEE
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Table 2-1 The list of experimental equipments
SHAL AR iR P
HLF K1 BSA124S L HHRHAA A IR A A
£ 3R oL H2-16K T AT A B A IR A 7]
HATIRAE DZF-6050 Fifg AR A IR A A
ERZIRVERLY s S793-1 BRI
P e KQ3200E AL A A IR A
HL B IR S TR A DHG-9036A IR R SR R AT BR A
SR TeisAX 12A AT e Y
59 R4 SDG2122X BRI 5 BH R B A A PR A 7
IR R S-2450 AEE B EREA R A A
L& 405-1310 nm K EARH IR A
JeThFR it CEL-FZ-A B R PR BRI A IR A 7
VA TR = 85-1 R R A A PR A
A E £ WRNK-301 FR =R ERAF
Hzh R E AI-716/716P JZ 175 o H S R TR A 7
X SRR R AT A SmartLab SE H 4 Rigaku 2\
1o S RO AR AR Talos F200X S [HFEBR W R B AT
Y & piin IR TA T G S-4800 H A Hitachi 2\ 7]
X AT REEAX K-Alpha 5 [ FEBR KRB A F
AN T RETE ESCALAB 5 [ FEBR KRB A F
FE AL KW-4AH-600 GRS D RE B A PR 7]
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2.2 SCIGER4y
22,1 LWHREILIGE

SROG 24 -

MlZ (OLA,70%). 1—t+/\J# (ODE,90%). +75H4 (HAD,90%). — 3k
(DBE, 95%). Flked T HpE &4 (BTB,95%) FI=1E¥#BE (TOP,90%) ¥
T S AR T SR ERAR (IID) (In(acac)s, 99%) FI=Z%E4 (Sb(Ph)s, 95%)
M TCI R . 2. (EtOH,99.8%) FIIECHE (97%) M E E 25754 BR A 7 3K
%, SAES AN DEL TS UA G IR AR . B A BB R ATt — D 4t
ERIMEA

2.2.2 InSb #HKLZHIE B

FETEAAMNT, Ka & T —A 100 mL (- FEmE 7 5RE 15 i = 5k
rp . EMA A T, K ODE (10 mL)F1 HAD (0.121g, 0.5 mmol) JIAF| =5
THIBEM A . [FR, % In(acac);(0.0206 g, 0.05 mmol) 1 Sb(Ph)3(0.0176 g, 0.05
mmol)AfR7E DBE (1 mL) ', SRIGIEANZHREF . =IL T, Kebei b rnr ik
PRI L) 170 °C, INFABT TR 75 40%h . BT 45 20 8h £ BRK 73 3 &S 78 S
W HILEE, DL OLA (1 mL) 438G, K H BTB (0.109 g, 1.25 mmol)f! TOP
(1 mL)H B8 SR O o BB S SR A N e, TR 2. B2 Rk 30
SRR TE A IR N LAFRAS InSb KLk . kR M R GA I R =R g imA
TE O Al R T e 2 =), IR B O YR . A BoR B BIInE 2-1a Fir.

) b

') === Pristine INSb NWs
a | / = Calcined InSb NWs
> 1 ~  Hot-injection / .
_./ = l
J = 3 | L1l L%
Colloidal synthesis InSb NWs sl
T 1: f t
/ % EIV 2 S SR
L H - c
\ i 5 =
‘/I; /300°C,600min 9,
~: — 11—|
s 10 20 30 40 50 60 70 80
Calcined InSb NWs - 20 (degree)

B 2-1 (a) JRAGFBBER InSb KL & s & EIAT (b) XRD &3
Fig. 2-1 (a) Schematic illustration of the synthesis and (b) XRD patterns (b) of the pristine and

calcined InSb NWs, respectively
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223 BHHIE

ITO/InSb YHKZR/ITO Z34FHI& I~ B, K 1TO BIF MR, LBE
B TR I 23 BT VE 15 408h. SRS, FE 1TO B i) 3l R i b LA
800 rpm HJIE A JElR InSb 40K 4k, Jehels 10 7, 485 LA 3000 rpm Jiels 20 7 (H
FHIF J7 1M £ 1TO/Mn205/1TO #844 ). FALER ) ITO/InSb 44K Z:/1TO #3421t
FE T gy ep e 25 S A 300 CCIFIIREE HEAT 600 438 (138 K il 45117 1 o

A0 BB J7/InSb 4K LR /kE i EDRIN LR (PCB) St IR 38 FO i & VB W R
EE, B InSb GUKLII =Y e CBEh, RGP ARERR i b RERES
FrIONTy gk, fRERE 2 INAE 300 °C, F148E 600 204, RIEAHIERIE. b
JG, ¥e— EH SRR By BB AR, 25, KRR 58 E
(] PCB Z5&7E—ie, HARIERINT R BN, Rfa, 1 maERgiEs
AR HL 2 3 AR

2.2.4 FZEERAEFMN

FrAR 7= ih X BHEK K AT (XRD, HAFALZBTFT, Rigaku SmartLab
SE, Cu-Ka, A=1.54 A) 7£ 40 mA HLRA 40 kV HLE F#ETFRAE. HAZ S4800
W T ARMET 2 (SEM) EIE, HZ JEOL A Al JEM-F200 3 31]3% 5
TRME (TEM) Bl&. X HEm TR (XPS) #dli & 1E Thermo Scientific
K-Alpha EJER (B Al Ko 5855, JEHLAE 1486.68 eV, iHILHE 50 eV, 47
KN 0.1eV). BAMEHE TR (UPS) i /K i fh T BE s 4nA ) e i 2k Fr
k., f£ ThermoFisher ESCALAB XI+J: B REi X FllfS ) (He I, 21.22eV).

A5 B b e R 2 E = R R 8 Keithley 2450 SourceMeter SMU 13 2%t
AT, SR HLR 2R Gl = A 5080 - O T R AN TR K= AR R HLE 5 KD,
PN Z WK REE RS (1-DI90004 1 2-DI90005, KAt AR IR
AFD $RAE T AHE 405, 5204 650, 808 F 980 nm NI KIUR Bt Bkt S5
H SIGLENT SDG2122X & 5 KA Kix, 7nik#s (SIGLENT SDS2202X Plus)
HT e ifE S,
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23 ER5TL
23.1 MRRIEERR D

SRR X SHEATH (XRD) W RIAE 7 i 25 5 1) db AR 45 M. an B 2-1b fir
7N, JEUR InSb R ZR TS IE S AL T 23.4°, 39.1°, 46.1°, 56.5°, 62.2°, 70.9°
A1 76.1°, AIHEYAJE N2 T7 InSb (JCPDS No. 01-089-4299) [ (111D, (220),
(311), (400D, (331), (422) Al (511) fi. fEBLEIERESF, BT InSb 44
KEAZ O AT A, 38 B T BT HIATS I, 20 mlAr T 21.3°, 30.6°, 32.9°, 35.5°,
37.5°, 42.1°, 45.8° 51.1° Al 60.7° 4k, 5 203 (JCPDS No. 00-006-0416) ]
(211), (222, (321), (400D, (422), (431, (440) F1 (622) &I+ W4
UbAh, BT —ANME R R R S I, AL T4 28.8° b Chrid ), B
FARTEH Sb BN, X AT 1T InSb PR 1R 2 AP B be it A% Hh 2% 1 ik

=]
==A
A

1 [in3d Pristine InSb NWs|

InSb (3dg;)

Calcined InSb NWs
In,0, (3dg;)

. " . e
ot R Alw & 5
FIAY p " :
Ve AN e " In,0; (3dy,)
A o . !
A _" = < -
el
3. » \ :

Intensity (a. u.)

=¥ .

BTN i i N Sk g " 456 452 448 444 440
5 i Wavelength (nm)

Sb 3d Pristine InSb NWs

InSb (3d,) InSb (3dg;)
Sb Oxide (3dy,)
o

Sb Oxide (3d,,,)

Calcined InSb NWs
Sb Oxide (3dg;)

Intensity (a. u.) —.

Sb Oxide (3dy;)

50 nm L] 540 536 532 528 524
Wavelength (nm)

2-2 (a) JE4A InSb 44Kk SEM Al (b) HRTEM E%. (c) Ll BBeabFE K] InSb 49Kk
] SEM. (d) HRTEM. (e) HAADF-STEM UL K (f-h) AHRFITCER AWK . SR a6 RIZe s 1
FEALFR] InSb PIKER I R 70 HE X 4ot T RerE (XPS) Jtilk: (i) In 3d #1(j) Sb 3d
Fig. 2-2 (a) SEM and (b) HRTEM images of the pristine InSb NWs. (¢) SEM, (d) HRTEM, (e)
HAADF-STEM and (f-h) corresponding elemental mapping images of the calcined InSb NWs.
High-resolution XPS spectra of (i) In 3d and (j) Sb 3d for the pristine and calcined InSb NWs,

respectively
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JE 46 InSb YKL R T B8 (SEMD EMEaIE 2-2 BIoR, BIIE K
TSRS PR ELA 5 um MK . EE 2-2b 7, EBCRE P
BT MBS (HRTEMD BM&H (D@l Ebn k) B3] 7 W& laiEA 0.37
nm & TH S0 BT InSb B (111D dil. BeAh, EMEEE] T EEL0N 1.7 nm
A 74745 T HRTEM BGH . X — B4 AT -V (b &5 8 B A
R RsEA Ty, e R A IR gukiol, BT e & BEA e R
A LIS T, JER InSb 9Kk XRD EIREH AR WL ZE 2 5 AT g (&) 2-
1b)e TETS A 300 °CALEE 6 /MBS 5, FE LRI B RS, JF H R
R R (] 2-20). W1 2-2d Frax, FETSOKIE S 7 R G+ (LAg e
J R AE A D UL 20 40 K FIURL T &A% (T BE A 0.29 nm, X B F-37. 77 Inp03 Y (222)
flfl, R T InoOs GKURI BT AE K AE InSb 9K 2k . b4, 5E4R
InSb YK LA LL, 225 B Re Ab 31 5 AR 26 1 b A e JE B N2 7 8.2 nm,
X5 XRD EIFEH ISR InSb K245 R —20 (& 2-1b). B sH#r (EDS)
TR IMATEIEIR T Iny Sb A O =R KIAFAEMI S 504 (& 2-2e-h). 5R4G
InSb PKLEHI L, ZITIBBEAFE 5 1K) InSb 4HK 4L A 4200 Ji 7 EL ol 3 1 b, M
19.07%3E /N2 38.95%, 5t — 5 HIZR A InoOs UK TURL I 2 A — 20 (1]
2-3 F12-4).

@ [[ Etement | Atomic% Pristine InSbh NWs
[5) 19.07 Cu

—_ In 41.62

= Sb 39.31

(L]

S

>

=
0

c

[

<

- uSb Cu Cu

InCu Sb In Cu

0 2 4 6 8 10
Energy (KeV)

2-3 () FARNIEREN BT EMERIER, (b-d) JTRIMSEIER, UL (o R
InSb NWs HJAHR. EDX Jt ik
Fig. 2-3 (a) HAADF-STEM, (b-d) elemental mapping images, and (e) corresponding EDX spectra

of the pristine InSb NWs
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Element | Atomic% | Calcined InSb NWs|

o 38.95
In 33.80
Sb 27.25 Cu

Intensity (a. u.)

0 2 4 6 8 10
Energy (KeV)

K 2-4 #ke InSb 9K EDX i ]
Fig. 2-4 EDX spectra of the calcined InSb NWs

23t X SO TR (XPS) WHAIIE, EBUR AT 53K 43 InSb 44
KANE M o A BAE AL RAS . 721 221 AT, 546 InSb K2k In
3dsp Al In 3dsp HIPE N 5RIE ST FIAL T 444.1 F1 451.6 eV, XF T InSb HIfk 221k
o GBI InSb KLk, In 3dsn Al In 3dspn FIEALS HIAE T 444.5 AN
452.1 eV, IXJEHART 05 512N, BT XPS FIAIIREZ /N T 10 nm,
AR AZ 0 A R 5 SR I S A A1 52 S BOR N 2 InSb % R0 [ 2-2 U,
JR46 InSb KL Sb 3d 1% R I HI P IE, 73707 T 527.3 F1 536 eV 530.0 A
539.3 eV, 5 InSb FIKSA Sb AAAI Sb 3dsn Al Sb 3dap FHAFI02104, LR A4
FINF SR BIAL T 531.4 eV 53—, O 1s 5l Sidibest 3T InSb 44
K, HRRT Sb A, XU T AP B EL S ECE 2 A B
MR, R, KBS RE FF RS InSb (104, X 52 i) XRD 5 HRTEM il
RESRARTE . W s LeAg s, X2 InSb 4K E AN 4153 JEEE G n LA
S XPS AR IR Bz /T 10 nm BT 3301
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K 2-5 (a, d) JRAGFIZ IS MR AL PR InSb AK 2RI PRI 25 7R B . AHRLEY (b, e) 7E
A IR LA ORGSR I N -V B2, DA (e, ) ZEHENN O V {5~ 405 A1 980
nm YGRS BRI (8] 53 O R 5
Fig. 2-5 (a,d) The schematic diagram of the pristine and calcined InSb NWs-based PDs. The
corresponding (b,e) I-V curves under dark and light illumination from visible to the near-infrared
optical region and (c,f) time-resolved photoresponse under 405 and 980 nm light illumination at

applied voltage of 0 V, respectively

2.3.2 MRyeR RN

N T HEAEHRE T AN TR it PR ' FELER N 285 PR D' iy S 528, FRATT 20l A5 P i i A
ARG AL PR InSb K LM 1 PRI SEAL KD BRI 28 . 1] 2-5a o 1 Hh 5l
InSb K L il B B ¥ 28 B 7 i ¥l o &1 25 ik 1B AN [ K B I DG AT I
SR T IR e B -V R PRI ZR o i as AFIE R I R A e FEIRUR I A g
i3 AT WO RIE LLANG X IR G S )z L. R, SR AN TR, &
R ARG IR . B 2-5¢ JEon TAEF T, EAREARICHT Maas 1
PRI [ 7 FEOG M NE o FLIRE-INB] (1-T) # 2k Eom ARG T BB N, e 6

SR e aeid 2 KR B FUR(E, 2t B IEW] 7zt B AR g IR G R
.
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Fig. 2-6 The light intensity dependence of photocurrents of (a,b) the calcined InSb NWs and

(c,d) pristine InSb NWs at wavelengths of 405 (blue) and 980 nm (red), respectively

PRk, RATHE— T T HIBRE S Y InSb 4K 28 M 78 ) 2% 140 R e FELARR I
AR AR R B AR LE B 2-5d R o AE A R, FEAR DG (405,520,
650, 808, 980nm) T 7EJGHE LA Tl & ) 1-V i 2z (% T- 72 W8 25 A T Wl i
2 (B 2-5e). 1Xueqt BUEHE eon 12 SO SRR E, HA AT DRI
ZLAMGIX I (405-980 nm) ) VZGIRRL, LERENN OV flJE T, X 72X LEAN [F] 3
KB RE R BRI IR) 23 M AT T WAL, T IRIRR A W 10 B2 (B 2-50).
SRTT DAL B, O IR AE ST FF G USRI B /N, FEAERS T 2 BTG . D IR
(R A PR B, R PI RO FEER DI BS7E 405 T 980 nm Y KAk 43 il 7R
T EER G LTI, B IEFOGIE RIREE (8] 2-6) 0 BISAE SRS 2R R
PIANH, T &l 5 RAME TR BEARRIEAE (B 2-7). RATKERHME
Hhe L 55 AR 1 O B SRR ST R T2 i e AL B S 51N IR
BB, 3K B A Z IR E SR E A A1 52 R4 8 1) InaOs AKARL S| 21, X
—RUEE XRD. XPS Al HRTEM RAEHEAT T #iIN (B 2-1b. 2-2c-h A1 2-5)

29



TR IERFMLTFMIEX

4]
a
=
o

@y
N
S
=

_ N —_—
‘9N 405 nni 0 980 nm)

F-Y
(=]
o

Photocurrent (nA)
g
Photocurrent (nA)
N
o
o

o
Q”
m

w

[=]

o
w
[=}
o

-
(=4
o

-
[=]
o

| oFfF

P
77

T T 0 T l;’ T
0 100 2900 3000 0 100 2900 3000
Time (s) Time (s)

B 2-7 (a,b) MBUGEIIZET InSb ZKZE [ BRI AR 4E 405 A1 980 nm Sl T 73 4% 2 4>
FJEHEAT 150 AR A2 LI 0 56 i )3
Fig. 2-7 (a,b) Photoresponse of the calcined InSb NWs-based PDs for 150 cycle stability tests

after 2 months under 405 and 980 nm illumination, respectively

N T HEBRBANZE KT InOs PURFRIN FO6 LS YERERTZ M, (8 F K #iZ
B O3 GRS A% 1 X Lo as . ST SEM A1 XRD 361iE 1 A SRR dh 30
AEaAH (B 2-8a Ml b). W1 2-8¢ frax, 2T InaOs YAoK il 4L 56 FLER I 25
£ 405 2 980 nm FRIGIEVE B N o HY B B DG HEL SRR, T HOW KA 5
FERARGF IR « S8 IR A 2 BUGE AL FE K InSb 42K 2% DL K B TnoO5
AN 0 R AE DG LRI # A R b (B 2-9), (B AT ke /A B InSb 44
KEFOCRRN R T FOCH FIERE. BBE I InSb 4K 4R HPRES 5 1
I L PR RE 2 18] R 2R A RAE TR S — B TR

2.3.3 FBIRMERER N

D' FELRIU 25 10 e S TR 8 2 VYA HO A5 S o LS S R I R bR, X
St I8 A5 AR IR SR B 22 S B . J] 2-10a JE o 1 7 3 AT Aa 20 i F Fiof
IO R PRI 2 e S T P PR PP R R R B G S BO R 515 5 R AR
FECF IR R AR AE — S, FHRESHDGCR DI ML, FH4 AR L) HE A5
o B 2-10b ffih 1 I I R i s R 38 (0 R ' PRI 25 PR e LIS ), SR
HI5 5 R A B AR ) 405 nm 80 mW/emt . Y HLHZEIIN 4% (14 F 1Y miy 17
RE T LU I ik 6 B B = A B OGAEE (1. 50 104 20kHz) #EATWEE, FFil
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RFEBER T th MR 7 OERIENRAE 980 nm JelE R MR ERE (B 2-10e).
FEXFEOL R, —3dB 5 15218 550 Hz (& 2-100). [AINF, MAE 550 Hz T 5
ATBORH G N 2 (Bl 2-10g) HHfi5E 1w M 1 707l 9 25 ps A1 255 ps, X5
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Fig. 2-8. (a) SEM image and (b) XRD pattern of In,Os. (¢) Time-dependent photocurrent under
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= .
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o

]
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o

illumination with different wavelengths at the power density of 80 mW ¢m™ and (d) time-
dependent photocurrent under 405 nm irradiation with varying power density of the In.O3

nanocrystals-based PDs
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Fig. 2-9 The flow chart illustrates the fabrication of the In,O3 nanocrystals, pristine and calcined
InSb NWs-based PDs

M 7 T3 FEE 2 PP AL O F AR 2R A RO AT 5 e e o S S I IR DG B ME R FE AR
—, KT A A B S bR R A R . ] 2-10a R T TG
PR e L FE VAL R Gun e L FEAMINR RN OV BB L R AT . %R
GRE T HAMEBOCR G 55 RAMAEF R, HTEbDershRmg
WA, AR E RS S . B 2-10b JEoR 1 B il B AR I 2 o g
6 BRI 2% i S ], SR 405 nm. 80 mW em 2 (IO, IRl (E S kA B8
PR A i ko B DR R 8% (1. 50 104 20kHz), 7] AWLEE
FDG A RM A AR R AR, I R E FE P am S

FEE 2-10c 1, BEEFF BRI, (Vinax — Vinin)/Vinax WIRE P15 (2 220 57
Wk, FHHAE 2 kHz FISER TR 70.7%. X RERE EHEIRN 25 1)-3dB 5 % it
N 2kHz, 3R BZH £ 1 FEL BRI 28 BE 8 72 T 0l B P M 213 e
MIEALME 5. Bl 2-10d JEOK T 7E-3dB Hr SEA% N R 52 J8 1, A e BLTHESE
T N 86.7uss 1N 1753 pse BbAk, JXEHEIRIIZSE 980 nm Yt iR T 7EAS R4
N S REEAT TR (B 2-100). @S, BRI IZE N T -3dB i
274 550 Hz (] 2-100). [FR, K 550 Hz T RS S 2 (& 2-
10g), H5E T w N 25us, 1M 255 ps. IXLLGAFD L M SR [RI 2R B, %001 4% 1 e
PRI 8 7 7] 0 R 2T 4 DX sl LA DRl 1 67 e oz
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Bl 2-10 (a) FH TPk R Ss B2 R s B0 e R Bl (b, o) MRBERIZET InSb NWs Dl
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2, VAVFSE BTt ) AT B fa]

Fig. 2-10 (a) The schematic diagram of the experimental setup for testing the ultrafast response
speed. (b,e) The photoresponse characteristic of the calcined InSb NWs-based PD to 405 and 980
nm pulsed laser, respectively. The corresponding (c,f) relative balance (Vmax — Vmin)/Vmax
versus switching frequency of the exciting light and (d,g) the magnified photoresponse single

curves at the -3dB bandwidth to calculate the rise time (t;) and decline time (tr)

2.3.4 SCHEFHFFIEERAIED

N T B SO WG RIE AN XA 32 el mi S (14 1D L 3 21 4
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2-11a b Fios, MR4E D = hv— Ecuop 23 38 (FLrf & FEAHNT 45 BELR ) D R 2L
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hy & NG T RER, Ecuoy & U0 T BINTRER), 1H545 3 F IR AL InSb
YRR TR T 3.48 A1 3.51eVe B 2-11c il d JE/R T JRIGFILE Y InSb
ARLHIT AT (VBMs), 0 RlAL T 3oKEEH (Ep) BLR 0.27 #10.08 eV, fRYE
JERTIIARE , InSb UKL MAFBRILIN 034 eV, BEKTHAK InSb (K37 frl105-1071,
BT UL RS, KFIRRBREN InSb ZKZ 17 4510 B 56 AR B0 T IRE S &
FE—i2, ikl 2-11e A £ fros. X T JRAAH InSb 49K Zk, #HRA T (K 2-2b)
AP R RS, DU ATt — 20 S EURR I R 25 fth 108, NIt
THIBE R T InSb AR WA IR, &S E b 257Gt AR TIE
HHEALEA n Y InSb K& CAER T HEmMREE, H— PHHIRER
e XL T AT AL SRR TR 25 i, B2 b 9k etz 0
LR O 10 @ LR, e i3S eV 2 1 P PR Sl k01O, Rk
BT AT (FRE) SEFEREEA R, D a4 e 7 mr LLsh
BB PRI GNP NEE S, HER T RSB . n 24 InSb 44
KL SRR, W5 EFR (B 2-11e), =4 IERDGH
Fo R TRBEN) InSb GKETN 5, H T-HE MM SR 5 7E 1) InoO3 492K
RLG| R B RFE R X i M AR R 2o A i v, 0 S LS R
Rer Sl (& 2-110). EXFMELL T, MR E] n B InSb YKL [E 47 5ES
LAR, FEBEE 5546 InSb 4K ZAH LE, S AR 2 7RI T- 4 B 1 1) PR 2H A R FEAR B
H T B 1) ORI a4 A5 IR AIG T 32 8 E 3 v AR R 7 A I FR ik —
B GE AR G, [FE, REAAS AT DN ERFEU RO, BB R
JEHTRE . 2 NENGURZII S, 45 FE i ) IEDG FE S AN 01 F R 5 AR AE
MRT WG BIAT LLAM G X )2 6 m Sy Rl A, X AT REJE PR T353R~ InSb 40K
2R B A B BT R R PRI B T IT R A
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Fig. 2-11 UPS spectra of (a,b) Ecuworr and (c,d) VB of the as-prepared InSb NWs. (e,f) The
schematic energy levels diagram and the corresponding carrier behavior of the the pristine and

calcined InSb NWs, respectively

2.4 KREING

FEARFETT A, JA DB I AL 23 S AT ] B 00 IR AL B R AR R (300 °C, 6 /N,
JEIR T 3T IRAR InSb 9K LR (16 LRI &3 M I L 3 B TO6 HL 3 10 51 ANE H I
TFRAT N FEMPRIESS R oR, QB E R I InSb 4K LK 1 H1JF 14
WFEFIHETE I InaOs PUKBURLZEL R, AHELJEAR Y InSb 9K L, X L840 73 AT LAME A
R R B AR Py, AT AR B 30 1 B3 AR . BATEFIH UPS
WEFL T InSb GIRL )R A AR ] G w7 25 i 2 M IR &R o IR 1 B Ab HE e s
SRR BRI RETT 5, SO i TR TR ERT, M S
FESRIE I 00T PR BEAh, 1T InSb BURIAReE, )% i LRI 25 75 7T WD
B LT A6 B N SEBIL T R e iy ST EEATIE S R RS 1 AETE AN i I £
O AR  RATHIWEFEA IR AL 1 MG B3 2 GO F 3 BT AL R S A B
S s I el DR U ED SU=S7 b A = R SN 0k i /S SN ok s LG R T E VIR Y S 2
JeHET .
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F 3 B AuPKRFNREFE FAEIREERE S/ InSb
AN 55

3.1 5|5

-V 2 PARGUK G R R N IR PE A 32 00T, e B a3 7o .
e F AR LR T2 IR PG 1 7 m 112122), ZE T ot TV 2 544, InSb
GORZE HLA MR IR, WA IAEBR (0.17 eV) RIER N s B FiEf R
(77000 cm?* V' S, DAABORHIBIEE ¢ 7 (Jg*|~ 510 DHETFAERRE (m*
~0.015mo). EHFH (0.18 Wem ' K1) FUNET4iARE (0.5meV), X{H15
EAEROAR FBA 2R ) O7153-1260 OpobbRIE Ak W] e i F T 7t B A
TR, BlineE kG 8 A% (FETs), 4R R 7E L0 A6 r RN 2% (8

[127,128]

o

G A0 FCAth 5% 43 dn B AN AR AR UKL F T F 5 1 B B LTI R A 3 sE Il
(RIfie 77, X8 7R R AR T A5 B 1 R rh R 5 A A 00 E B A 1201300,
T E 5 ' 2 5 5l 1 3 OVHI N A7 B 22 93477 3 b R DS 5 1)’ il 7 1 5 1311331,
XA R 1 T 46 B L AR B R BR S 42 o A AR 25 1) B e 134 R,
ARXT Aw/InSb 't LRI 28 HEAT Joy 3R T 56 B T IR R 7L . AR LAEH,
AT T — MR Au GUKTIURL I J 382 110 45 85 1 ARk G55 InSb 4Kt
HLERII 26 R R o 52800 106 SO EAN R, JRAE A B 28 S5 1 1
SLS J7ik& A T InSb 99KEL, 771268 HAKIR . 184 AuNPs@InSb NWs
SAMEDEHRARNEE, 7€ 980 nm WK T, TRATTRIEAELS, Wi R FE AT BRI FE
435 E] 0.68 mA W A1 1.03 x 10'° Jones. £&id K [a] ) TAEFAPEA A B
AT, GRS I PEREHEACRIFAAS o A TN ' FEERIN 2% 1 R
PRAE T RS I R T S
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3.2 SEIRERSY

3.2.1 LA

M Adamas—beta 2 7K T SR K AP (HAuCLexH20, 99%) - i i (OLA,
70%)+ 1-+ )\l (ODE, 90%). 75 (HDA). — RE:REE (95%). FHlkE—
Thes&Y (BTB, 95%) M=IE¢EE (TOP, 90%) HfTHi T AmEft. &
A EAER (I (In(acac)s, 99%) Al =ZKFE4 (Sb(Ph)s, 95%) M TCI 2 & MK,
ToKEE (99.8%) HA (99.5%) FICHE (97%) M [E E 2535514 FR A =] )
Koo FTA S 3 R G AT AT Y A BT 6

3.2.2 SHREIRIAYE AR

Au GARRRLE AR SCHR A AN PISOE 2 IRl . B, B 1g &
SR EWNEMEAE 99 g ERT KA, JRJ5 20588 75 A0 BRI i 1 191K S R
IKIEW 35, B 1 mL 5 0 4 1% 38 (s N & e R /KIE S 5 mL g 5
mL + )\ &, FEMAR— A =8I 100 mL BURSRS, Em U
AT RIZARCRE KRR T & 120 °C, K42 20 708 PrAR 0 H F ARG IR,
BJaAEAEAE 6 mL F R DL s S fd A

3.2.3 SRILTHLNRE 18 & KR

ERAALE) Au K RBURIANZ I 2.2.2 756 B InSb PR 418 1 8 F 2
AR (A 3-1 ), FEARSER PRI . HoG, 1 InSb ZRLAE K
e AL 5 o ph DL S) 0L, ARJEERERE 10 20 RIRUEEA | mL ik
S TR KR, FHENIN IR 45, I RRSE A AL B Au 9K BTRL S InSb
GRLEI L&, RaEE 1000 #2/70 B O 6 7R ITS Y, IR Z

KRB o
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As-prepared
Au NPs \

As-prepared /s
InSb NWs

] 3-1 AuNPs@InSb NWs [ & il i &

Fig. 3-1 Schematic illustration of the method to prepare Au NPs@InSb NWs

3.2.4 HIFSHERMEZ

X A T I VEAAI AuNPs@InSb NWs & & bR BRI 38 45 18 . ¥ 56,
¥ p MEEAE (1emx 1em) SHRER. ZEEMEE T/KER, DEBRERIEGIY
BT SRIG, K HoR T 2 B PR A RS S e ik BIRER T . 5346, AL
SFAHTTRNE A K I 2 A SR (7 mm > 7 mm) R B 9KARL LT
VENTGR AR BEJS, K i im i T 46 A 5 AR SR OE L B —/MdE (1.5 em
x1.5ecm) Fo 7E 60 CHIFEIEHL (KW—4AH-600) _FFf5—A/Nif ), i E R
PR 422 T AR A S DA ' LR 25

o

Vi

T

3.2.5 FEYIRAERNSCEE M AE MR B A

KRB A X 475 (XRD, Rigaku, SmartLabSE, HA, Cu—Ka, A=1.54

A) fE 40 mA WA 40 kV HE AT, (8 H 2 S4800 4 i1~ AR
(SEMD XFFE i ISR 47 R AE - SR FEI Talos F200X G2 3% 5 FiL 1 & 482 ( TEMD

Mo HEE S T . (HRTEMD KRR G /A A5 2. A X 40t
B 7 1% (XPS, Thermo Fisher Scientific K—Alpha) i€ 7 & 4. i UV-NIR
7366 (PE lambda 750) 123 AL ZLAMR SO M. FDTD P54,
JEIR I A FDTD X3 T Au 90KB0RL CRIAZZE 10 nm) ] InSb 49°K4k (E%
N 50nm, KEEZN S pum) HEAT 07 BRI R o SR FH P T AR TR YRR AR |
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DM EEAASAT N, ARSI EdE, %4 1 405, 650, 980, 1310 nm
N EI A E

St B AE I U Keithley 2450 SourceMeter SMU X 2834710 5% o« A1l o
B A 457 B K AR MU 7 5 )3 (R S A 2 KOG 2P R & R 40 (1-DI90004 AT 2—
DI90005 ) Al 58 A [ K A2 B0 R AR 5 K/ o TR @A B GIR AL 405,
520, 650, 808. 980. 1060 Al 1310 nm. k{55 H{E 5 K4ES (SIGLENT
SDG2122X) Ki%, JeHE S N Siglent SDS2202X Plus 7~ 28 ic 3% . (HS—
PRI, BRARRRIRRTE, B I ERIZE OV R IEA 36 mW em 2 (FE3 R 3T,

33 ER518
3.3.1 IR S AR

& 3-3a F1 b 7~ T InSb 44K Zk. 1 Au NPs@InSb NWs FI#]2E T 345 4E i)
PR TR (SEMD BE, eI —2, HA2405 50-100nm, JfHI¥%
. AN, GBS EUCIRE, Au PORBURIY SIS ARG &tk o 25
MgE I RAEE X SHEATH (XRD) JE/REE 3-3c 1. R InSb KL HIAT
W EIRAEH G AT IS IR R B — 80 5 BAT F—43m 2 (A #1325 41 InSb AR
FEAHULE. (JCPDS %5 01-070-2515, a=b=c=6.4782 A, a=p=y=90°),
RPN InSb YKL A w4 d . JLAh, 5 Au PR A 5
LT DUANEAMOATEIE, SF BTS00 90K ik (JCPDS 45 96-901-3036, a=
b=c=4.0786 A, a=B=y=90°). ZAEMWHHEHEOEEEEA, K 3-2
fiizse B 3-3d J7R T AP LLAMPIRBOLTE . JEAATK InSb 9K 20 J It M 4%
SRR AAMATZRBGER . 45 Au PURBRLAL A, 752 650 nm AL HEL T
IR AOER USSR, X5 Au GURBRIARSC. ERUNT, Au QKB R T
SR ARMOTIR, RO R T H T SRR RIS, 2 Au 9K IBURE LA
RE ST AT SR I, 3R T 45 8 M OC SR I S A 0, AT E 4K ORI A4
TEAR S R/NEUR A B A o phe s 130157,
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=m

& 3-2 InSb NWs (/) #1 Au NPs@InSb NWs (£7) 4K £ 46 B 2 70 B A 8

Fig. 3-2 Photos of InSb NWs (left) and Au/InSb (right) nanostructure toluene dispersions

—— InSh
gy —— Au/InSh
S 3
- i [ \
. --—_J\--n—u—!‘&_——&_}_——d\.& 5 = \
o) @ \
= —— InSh-Au| o “
2 c
& a
2 £ e
o I * 96-901-3036 Aul ] I
t @
= 1 b o
+ 01070251580 <
] ] 1 1 1 1 3
10 20 30 40 50 60 70 80 400 600 800 1000 1200
20 (degree) Wavelength (nm)

K 3-3 R T (a) HI46 InSb 442K£k . (b) AuNPs@InSb NWs [l B K% . (¢) T TH]
5 InSb KLk CHaZk) 1 AuNPs@InSb NWs (L) i) X $EATHEE. d) N
InSb 4K 2k, AuNPs@InSb NWs Fll Au NPs )48 #h-iE £ 4l
Fig. 3-3 SEM images of (a) initial InSb NWs, (b) Au NPs@InSb NWs. (c) XRD patterns of initial
InSb NWs (pink line), Au NPs@InSb NWs e (black line). (d) UV-vis spectrum of InSb NWs, Au

NPs@InSb NWs, and Au NPs respectively

] 3-4 FUAR InSb 9K AGE S B T 8l b B Ay

Fig. 3-4 TEM image of a single InSb NW
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C InSb(111)
S d=0372nm
I
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- NN

_HAADF_ In I SD
m— Merged

] 3-5 (a) TEM. (b) HRTEM F (c) Aw/InSb 44K 254 (1K HRTEM 4. (d)-(f) Au/InSb
ARAEM T REWE, S8 7T Inv Sby O Fl Au JTER 1

Fig. 3-5 (a) TEM, (b) HRTEM, and (c) magnifying HRTEM images of Au/InSb nanostructure. (d)-

() Elemental mapping of AwInSb nanostructure showing the distribution of In, Sb, O, and Au
elements

@it TEM F1 HRTEM M5S0 Aw/InSb #EAT T i — D RIS RIE (&

AR InSb KA K] 34 Fs). MKl 3-5a ATLAMF 14518, fELIT Au 9K

KB G, 1E InSb KR LIS 7080 BHARZI N 5 A9K R 2 B 5. HRTEM

EIE (1 3-5b) 7R T InSb 9K ZEAN Au 9K FIURL 75 T &7 4% (] B, 229 Auw/InSb
YK LERE) B 45 P o FE T S 1) BE RN 87 5t T 2 R e i e B 3-5¢

#7857 AuNPs@InSb NWs FHHALTE R 1 85 V) H4efl, 300 T 7858 B 1R L 4R

KT Au QK RITRL A] InSb 44K 2y AN FA L 172 B B R AR S0 TR anFi0 i)

HEFE, JTTRMUNZR (K 3-5d-1) HaeRr A (& 3-6) AP EHK RO i & 12

TSN IEE o

_1o b Cu
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8
x 0.6 Sb
‘S In
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o 0.4+
£ o} b
3 Cu
£ 0.2 4 sb b Au
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K 3-6 (a) A Au/InSb NW HAADF BIRAIEFEEIA, (b) LE#FXIKH EDX JEik. C M
Cu 155k B4
Fig. 3-6 (a) Selectra area of a single Au/InSb NW HAADF image, (b) EDX spectra of selectra

area. The C and Cu signals are derived from the copper grid
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K 3-7 (a) &%, (b)In3d ', (c) Sb3d Ml (d) Au 4f ] X SFH£EHFAENE (XPS) i
Fig. 3-7 X-ray photoelectron spectroscopic (XPS) spectra of (a) survey (b) In 3d, (c) Sb 3d, and
(d) Au 4f, independently

X FHBTREE (XPS) FT RIS AL S RASFM BAEH . Wl 3-7a
fiR, XPS BiEE R T 576K Iny Sby Au Al C HIXTRifI5RZIE, Ak, R 3-
7b & 7d H, 4 5lJER T Iny Sb A Au [ XPS =i FEE . BAAT S, H14%5 0 InSb
K LZEH In 3dsp A In 3dsp IS G RET )04 451.8 A1 444.1 e VU210, [H]I, InSb
MR T — X0, SR IEA T 537.1 F1 527.6 eV, AIAAF Sb 3ds» Al Sb3dsn.
Fhb, EWE R = A AR 2, 73 AL T 539.6 (Sb3dsn) AT 530.2 eV

(Sb 3dsp), XHIHRET SbaOs. LA, 1E 531.0 eV ALK R —4> SboOs ALY
g (O 1s), SIairmtgs f—5I4, RE7E XRD BRI SboOs 1)
P, AR EAUNBCR Y TEM B & B — 2 B e 2, X nrLUE R
T XPS kil 2 ) SbaOs HIXNIE . S —FE, Au Z0KBRL 3 EE 3-7d H L
T 87.3 (Au 4fsp) 1 83.7 eV (4fyn) MBI G e, RPA R HAR=H
Au/InSb GKI B SEAFAE 68 A, R E] Au 99K BURIAT InSb 4K 28
Z VB A SR SRS, B Au 9K BURL S InSb PK IR K A IR,
VX AR B B AR e .
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3.3.2 JLEEMAEMIR X EE

SRR, DR ERFI KA 1) — 4E S5 MAA R TSR, BRORTERRE 7 )
FARECHISRAN, eSO TR A ROE R BAh, B R
HAGESE, AT o ERn T, MRS TE S IR, JEReaRohit
FEHRM T I ARG RM . T RSB, §l& 7 H 8/ /Au
NPs@InSb NWs 4514 F T-H G RIS , PP A °T WG I 204N B 1
JEMARRE FT o N T BRI S5, FRAER] 3-9 d R T —AMRER IR
PRI 28 38 R A S0 8 o O T LU PR S5 H BRI ATy, i 4% T — N
IR InSb YPRERZHFAE NS . AL AR - 28K IR B AN I8 3-8a MFEIE AT
Zoid iR A UL B S, A 0 s R B S AR TE R A R T . [, PR
A BRI R BIREAT R R, IR AIE I WA, R R 5 T WO AT 2L A0 1
L[&[l“z](,

K 3-8b HHER T AEEHEN 36 mW cm 2. JK M 405 nm F 1310 nm 35 FE A
RS T 1 AuNPs@InSb NWs Ot AR &1 -V RePh i 4. dhi 2k 230 H AR E 2
YRR, RUPZBT EIRIAT . Sk InSb GKEIR G NAT R I A 5 R
ETF CATWYEEIE LA, Wl 3-10 i) WIS m. Hx, 24
PRI 22 B s O B, I FUE A BT WG ma SLRE T o 13X Rk G Il 1
FEINIAEE T Au QK ITORL ™ A2 (10 2 [ 45 B8 - FL IR RS, 726 B R 7™ AR EL 5 InSb
AKERTE L HDCEBIR T IR T, NGRS i S8 22 06 R 430 1 K 3—
8c 1, MM TR N (Ton — Lg)/Tog- Au/InSb K LE I LRI ZEE 36 mW cm
JEHEAT 0 i E T s A 405 nm 2] 1550 nm (IEMIR . FFoCLLTEE A 62 F
285, HATE 980 nm HRG T IA R KMH 285.
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] 3-8 (a) AuNPs/InSb NWs HHIRMIZE /REE . (b) AuNPs@InSb NWs Jt FLERM 45 75 i
G TH -V #Z. (o) MR AR N AR LLAMXIBBAC I s 8, Jaom B N 36
mW em?. (d-f) InSb NWs F1 Au NPs@InSb NWs Y AR 2% 73 HI7E 450, 980 F1 1310 nm
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JEHARIES (g WRZEE. (h) #RIZA (D HLARIZRRDEEE R LA, 7347 7 980 nm
JEHETFOG R SRR R . (e FIMNATE OV W& F
Fig. 3-8 (a) Schematic of the Au NPs/InSb NWs photodetector. (b) I-V curves of Au NPs@InSb
NWs photodetectors under dark and light condition. (c) Response ratio as a function of
wavelength from UV to near-infrared region with the optical intensity of 36 mW c¢cm™2. (d-f) I-t
curves of InSb NWs and Au NPs@InSb NWs photodetectors under the incident radiation of 450,
980, and 1310 nm with optical intensity of 36 mW cm™2 respectively. Comparative optical
properties plots between bare InSb NWs and Au NPs@InSb NWs photodetectors for (g)
responsivity, (h) detectivity, and (i) fitting curves were employed to analyze the relationships

between the photocurrent and light intensity under 980 nm illumination. The tests of (c-1) were

under 0 V bias
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Fig. 3-9 Photographs of as-prepared photodetector from the (a) vertical view, and (b) top view
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Fig. 3-10 IV curves of the pristine InSb NWs photodetector under dark and light conditions

Ak, Au NPs@InSb NWs AR #8575 52 2] 405 nm 1 1310 nm K T3
I SR G R R . X — LSRR E | AuNPs@InSb NWs 7£ 5 7 St kil
L AR 7o 3D 0 R AS R RE AT PRAY, TR T LARE I R (R
FNERIFE (D*) 1 P HITERETR bR o WA FEF8 (12 AL IO NI Dhe = AR RO HL I
A DL ARG EIS R=ohoto—Laari)/(PA) s Fo A Lonoto T Laark 73 HIZ 7R HERE L
TG HIR, PRI AR, A FoRoGHRI & 1A AR (0.01256 cm®). B
4l InSb NWs Fl Au NPs@InSb NW's Jt; HEERI 2 138 K AH i 97 5 40 an 1] 3-8¢
Fizse ShHTRIL, B Au G9KIBURL T T (14 R 4 T 45 8 - M Me JE R R I 25 1
SR T WS EE, AE]TIZ FDETE VG N AR FE InSb NWs [ 30 /5L L. PiRhH
PRI ZR I AE T 2140 X IR I B R A R B, Au NPs@InSb NWs 28 /47E 980 nm
TNHEAEX 0.67 mAW ! (KA, TTAEEE InSb NWs IR R4 0.021 mAW ',
[EEF, & Au 9K BRI 28 4F7E 405 nm (0.22 mAW ')A 1310 nm (1.88 mAW ) &
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Fig. 3-11 (a) The noise spectral density based on the Fourier transform of the dark current. (b)
(Vmax - Vmin)/Vmax values versus varying pulsing frequencies. (c) Normalized optical response
characteristics for a frequency of 10 kHz. (d) An enlarged single photoresponse for estimating the

response (T,/Tr) timing
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Fig. 3-12 (a-d) FDTD simulation of electronmagnetic field of Au/InSb ranging 405 to 1310 nm.
(e) Schematic of the energy band diagrams of the Au/InSb NWs photodetector and the charge

transfer mechanism under exciting illumination of 980 nm
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