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1 BL Te, MIE H R HLHEE A T8 B B2, 45 1 250 i G BRI 2% 2 25 PR 78 2 T B AT i pe i
7R, LRI S L 56 T % B v 2T A i B

AR NIO Ho25 R A9 2R AN E B BE 7, R Bi, T e, 92T A5 0 A8 34 B 42, (FLJ2E 56 F 3 19 Fl b4 Ak 78 0 L 1R
Ty T P 2 3 A 2 T AR, P R A R G ST 4G O F R R AT ST T RS )L, R &L AR
¥ NIiO 5 BL,Te, 2 A B 5 B 45 , R 5 AL 1 P4 22 F 3 DA AR F H =28 X8 9 43 285, B0 ol % 1R 6 N0/
Bi, Te, 5 J5t 45 )6 L ER I 25 .

AR SC LA M 1 ) #5 NIO IR, 4R 5 78 o 1 42 K Bi,Te,, 8 8 NiO/Bi, Te, 5 Fi 45 . #1598 T NiO #e & (B]
Ni*™ (593 B2, 43 51 4 0.3 mol/L, 0.5 mol/L 1 0.7 mol/L) LA & NiO H 48 A 44 >k 4 i ki (Au Nanoparticles,
Au NPs) XF 2% 144 6 s 8 90 4 B8 19 52 I . Au NPs 1) J5 38 22 10 4% B T & 3L 8 (Localized Surface Plasmon
Resonance, LSPR) &N 23 4 58 NiO XF 5% A9 WU, NiO 5 Au NPs 22 [A1 8 5l 19 1 45 3k 52 fh , 2l 4 ey 723 9%
Xt B4 43 1, DT 2 5 7 O 00 e B P BE . AR SCA ST R T NGO Al Bi, Te, B FH 06 L4 I A9 5 B i 5t
I BB UE T 78 i 9 4 Jm Sk P 48 A Au NPs DUAR A #8800 50 s BRI P 68 19 AT 470 , S i 80 5 I 285 D' ri #4600
i 0 F ] B AL T 1 LB

1 XA

1.1 FE#E

AR B (N1(NO,),) : 4B 99% , Adamas—beta; £, 5 : 4l )& 99 % , Macklin; £, ]} : 46 & 99 % , Alfa Aesar;
AL (HAUCL) : AR 4li , [5 25 5 A 5 ff AL 8 (Bi, Te,) : 41 99.9% , Macklin; #7 8 2 — #1 £k (C;H:Na,0,) : AR
afi, ZE BB 5 JRA R VA i — 2P b SRR 4l
1.2 RHHE
1.2.1 Ak F %

TE 1 25 28 15 50 75 ZEXHAL I ATV Uk o 8 FTO BB 44 AR YK FH DECONOO I 5 TN B AT K & It 7
TR, B DB S 10 mine w4 & (N R T R, S8 5 347 5L 55 B R A B, U 120°C, 1) ]
10 min,

1.2.2 AuNPs&E& i E

AR Frens ¥4 i Au NPs W . 15 mL HAuCLYE W (0.01 wt %), St B 2wl i | 9K 5 3% I 375 pl.
1) CsH Na, OB (1 wt %) o RREE i £, B89 1 2 B 21 €, B ] 45 21 B8 /R W BE Ry 2.43 10 mol/L
AuNPsEH
1.2.3  NiO 7 ji 64 %) %

BUNI(NO,), il T & ZFEds 0 b 78 70°CTF B4 #4 3 b, I 15 i AH [ B8 JR 50 &2 19 & — e . Wi 24 h
Ja  BUA0 pL B BT AE FTO B2 38 b, e v il £ NiO i B . e i Z %800 - 3 500 r/min, B [8] 35 s, SR J5 7
100 “CHn#4 10 min, I 78 450 ‘C . KA FiB kK 1 he 7ENiO H1# A Au NPs i}, B 0.5 mL #9 NiO(0.7 mol/L.)
WK S 0.18 mL Au NPsIE IR A, 7 HH 5 10 min, £ J5 /8 2 09 % % F N % B 4 0.5 mol/L, Ni
5 AulyIC R EE R IR 8 000: 1,

1.2.4 Bi,Te,t4% %

KR CVD R K Bi, Te, Wil . BUE B 19 Bi, Te, B A E T4 X0 (OTL1200 % JF 45 40, B e
FEFALER T R D) D R X VR S A TR TR NLAE R R 2R KA RGOS A0 T g B A KR
2518 em, A KR E R E K 520°C, A K WAl 1 h, 4= KA 100 Pa, N, i & 80 scem.

1.25 #l& v

ASCLAFTO KR 0 5850 0 207 Bi, Te, 38 10 1 #5 TUHLAR B I B 450 . i 5%, 7/E FTO/NIO/
Bi, Te, % 1fi HE Ik T tE G20 E , Zead At IOt et RS —RIB R SR B EE, LRI Z
AT R G (LN386SA 37 T A FARM I, ) b 288 Ag il . Ag I ZE B3 0.2 nm /s,
JEJE N 80 nm. ZEBE SE R W AR IR I T R P, 70 CARBE A 15 min, 45 B E AL B AL . 5301
TS5 H S FTO/NIO or NiO+Au NPs/Bi, Te,/Ag, W& 1 i .
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Fig. 1  Schematic diagram of the photodetector based on NiO/Bi,Te, heterostructure (the inset shows the real device)
1.3 FRIEWK
1.3.1 A ke

ARSCH X B AT S (DS Advance 153527 ,BRUKER AXS GMBH, 7 [ ) 3k FEAE A4 4 1) b 1A G5 AL 5 1 375 55
BT BT (FEITECNAT, G2F 20, 35 )k MEE Au NPs SO T 5 JH4E 41T -3 204Ny 66 (Lambda
950, PerkinElmer, 32 &) kM iUAH RO s FIBOLHL €635 (LabRAM HR,HORIBA Jobin Yvon, )
%E‘Fﬁt%?ﬂ&ﬂ%ﬁiﬁ & H37 & FH A H 8% (Nova Nano SEM 450, FET, 32 [F) LA i i R B S iR S/ Bk

FEREHAL(FLS1000 B, 2% T 48, g[8 ) kil ke i i 630k 6 (Photoluminescence, PL) i .

1.3.2 éiﬁiﬁl'l RE

i A 0 0GR RN ' ) R e N DL R 3 A DGR B B R S w1 R R ORI S DA . OGERIE &
FEAFEIOELT IR (GLORIA-X500X , 557 30K, 1 lil) JEME RS A (Omni-A3005, 537306, E ) 55T
B R SR S50 (Keithley 4200A , Keithley , 5% & ) 25 26 1%, .

2 HR5UR

21 MRBHRES S0

A 3 X LA I (X-ray Diffraction, XRD ) W58 A B b AR 4548, 45 R AN & 2(a) Fros o % T[]
e FE 1 NIO A 5, 78 20 2y 37.1°F0 43 AR A2 8 35 10 B 1 A3 56 08, 43 391 % 1 T NIO (9 (111) F1(200) & T, 5. 1]
JHE ¥ T £ 1) NLO T B AE SR KOS TE B T BP9 45 fb o AR Debye—Scherrer A2, T LATFE i f Rz A K/

K2
:ﬁcosﬁ

K, DR ERLI R /N K & Scherrer 7 40, A J& X TR BB, B o0 A7 S 06 ) 2 0 58 0 2 AT 5 AR B . AR SO F 3.
5 1 N HBE S 0.3 mol/L 0.5 mol/L 1 0.7 mol /L A & AT 5 W (4 2 W 55 5 ffob RO 25 5 e 1 iR . A
RN B A R B T AR R T S O A e e T AR A R R AR R ORI R M EIR KR S
BN 2 54855, 1A F NIO &R A K.
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(111) Substrate
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(a) XRD patterns of the NiO samples and the (b) TEM image of the Au NPs
standard pattern of NiO (JCPDS 47-1049)
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(c) XRD patterns of the Bi,Te, nanoplates and (d) Raman spectrum of the Bi,Te; nanoplates

the standard pattern of Bi,Te, (JCPDS 15-0863)

B2 NiO,AuNPs bl & Bi,Te, # & # XRD  TEM 5§ Raman % 1 % &
Fig. 2 XRD patterns, TEM image and Raman spectrum of NiO, Au NPs and Bi,Te,

£1 FEKENIOH RHE XRD 75 F £ 5 & R~
Table 1 XRD peak’s FWHM and grain size of the NiO samples with different Ni** concentration

Sample K A/nm p/rad 26/(°) D/nm
NiO (0.3 mol/1.) 0.89 0.154 0.007 97 43.603 18
NiO (0.5 mol/1.) 0.89 0.154 0.006 88 43.542 20
NiO (0.7 mol/L.) 0.89 0.154 0.005 49 43.622 25

34 ,NIiO th 48 A Au NPs J5 , 76 R 1E I A7 &t 30 1 XRD A7 5 04, B B Au NPs 1948 A, #Yﬁﬁﬁ
NiO W& f i &= AR K Em . BB 7 B8 ( Transmission Electron Microscope , TEM ) Wi £
NPs k7 £, % B0 H B AR AE 13~22 nm Z [8], W& 2(b) iR o Pﬂ2<c>7@BlgTegﬁ<JXRD,n%,£Ef26
Sy 8.7° 17571 44.6° 1y A B BT AT S 0%, 43 54 R F BLTe, 9 (003) | (006)$u(0015>%n%ﬁ“”0 It
A AR SO AL T Bl Te, B 7 & ﬁ'ﬁi%,/n%ﬁﬂ@ﬂd)ﬁﬁmo B19T63: B R = A 59 em ' 103 em ™!
A 138 em ' BRFIE L A B0 R T AL CEL AT AT IR B AT 45 R 5 i 38 1Y LLAL AR B 2 il 4 B Te,
rey 3k 25 SR 2oL, BB CVD 6 i 45 1) Bi, Te, T 5 (1 nﬂarﬁ? CIRDR RTINS -7 | NN =
Mg,

i B 3R TR 0% 4 1 BE R B R SE A o AR SCHT 3 A A 49 4 HL 5 (Field Emission Scanning Electron
Microscopy , FESEM ) M £¢ 1" NiO ¥ i i R B A, @&l 3Ca) L (b) B () B o A [\ ¥ BE (9 NiO F i 78
FMIE S AFAE B0 22 5, (H 2 R K /NFL 20 A R B[R] . Bi,Te, i) FESEM EI& i 15 3(d) s, H
e 2 RN = MIE B = MMISHIE B3R SCEk i E R — B0 3 Ce) AR S Y #UE FESEM
&, A LG 28 H 7 B NIO 2 F BLTe, 0K o 75 4h , % NIO/BiLTe, (19 5 & 45 14 #E 17 58 & 43 A 10 49 4%
43 #t (Energy Dispersive Spectroscopy , EDS) , i LLi# i # & ] Ni, O . Bi #l Te %5 50 & % 73 4 , 40 |8 3(f)
Fr 7R o
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(b) FESEM image of the 0.5 mol/L NiO
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(c) FESEM image of the 0.7 mol/L NiO

2.5 um

(e) Cross-section view of the NiO/Bi,Te, on Si/SiO, (f) EDS spectrum of the NiO/Bi, Te, structure

B3 &M% EMKFESEM H%f T % 4 #f EDS £ &
Fig. 3 FESEM image of the morphology and EDS results of the elements analysis

e Ah R SCHR IR TS ] MR B NGO Y W 08 6 38 A PL YB3 . 40 & 4 (a) Bir s, A ] kB B NHO T Ui
g 0 7E 52 A IX SR, L v B A, W i 04 B R . E 0.5 mol/L 9 NiO KE & i 38 A Au NPs J5 W i 06 1) 5 i
B AF 3R, U8 B Au NPs (19 LSPR 2N 19 88 T NIiO &F 48 405 i Wl . Be 8 W% i i 1 o7 8 % B0, Bl %5
Ni* e B 1738 /N W 57 K A T R RGBS, 3 AT BRI NY T BB B A G L Y NG ok R IR, A R 8
1 Ni*° 2 5 25 5 E 5 NIO 15, 5 08B b A7 72 88 2 10 Ni°BBG o MR 418 Burstein—Moss &0, Ni*™ ikt [
W TR, 4T BONIO W 9 2R oK BB G R RS B OF I A A A5 O 2E A BRAE BE T 3 30K A
W WA U i) St K O T B sh T L T W o B I 4 R AR SCOR 450 WORYRAT 1R A SR TR L LAY KA
355 nm (4 B 680680 & BE S A5 RE S AE 425~475 nm X 8] (9 PL OGS a0 181 4(b) ff s o & %6, T A KE &
) PL W& AR #E 446 nm B3, 7E 38 FAFFE R R 22 5. H 0.3 mol/L (W FE § PL 5 B fic 55, X2 I o H
e BE KA, X 355 nm & 6B WA /N o 0.5 mol/L A1 0.7 mol/L XF I3 (B i i PL 38 J3E e 8 4 30T,
0.7 mol/L Wy W& /N— #i o 3% Al A8 /& B4 0.7 mol/L B & 0y 3 A7 76 58 2 1 BB, Ol A 20000 7 2 9 Bk B
738, T B AIE TR RO B A LR 43 PLIE M XT38 . b4, A Au NPs Ji , NiO ) PL B i
FEAR, X2 P Au NPs I ETE , S K/ 87, IR BRACH 725 5O 19 52 & L%, M il 75 PL 3% J&

S 14
AN
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—A— 0.3 mol/L NiO —a— 0.3 mol/L NiO

—a— 05 mol/L NiO e N
—e— 0.7 mol/L NiO —e— 05 NiO+Au NP
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PL intensity/(a.u.)
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Wavelength/nm Wavelength/nm
(a) UV-Vis absorption spectra of different samples (b) PL spectra of different samples

B4 NiO 5§ NiO+AuNPs# & #y % KOt i 5§ PL b #
Fig. 4 UV-Vis absorption and PL spectra of the NiO and NiO+ Au NPs
2.2 NiO ¥ B X 28 4 St BB 51 i 14 B BY 2 M
NI* A JBE 7R ¥ E 2 52 i) NAO JiE U 2 I A S5 At , AT 2 5% 88 4 19 1 fl, 30 P BE 7 A 2 ) o PRLHG , AR S0 5
WFSE T AR N* Ok BE T & 1 B DGR I MR 8 . B8 NI° Y JEE R Mk BE 4331 24 : 0.3 mol/L 0.5 mol/L..0.7 mol/L,
il 4% i 3 T FTO/NIO/Bi, Te,/ Ag 4544 1Y a5 4 LU 8 H O Ha meg 1 o 56 H 3t (1) 2l G RO A9 52 HILIAE (1) Bk
FEE UL (L) 75 3], SO 1 OIG 8 S 5 | 7S B P VA 18 2 L G SO
Ly = Lign — Line (2)
B, AR SCEE YR (Pugy) o~ 1.96 mW/em?, 113X T 0.3 mol/L..0.5 mol/L . #1 0.7 mol/L #& {4 7£
AR AR L Bl (V0 AR At 26, g5 A 5Ca) L (b) AT (o) i o AAH AT, N ik B2 2 0.5 mol /L 1)
FE YO L B KL FE DK R 380 nm M E R 3 VR LA F] T 489 pA . A AME R, 0.3 mol/L il & F R ik
JEERAR , X656 B W SR B AR , DT 1, 888705 50.7 mol /L B 48 PR i [ 85 22, 0l A 30 1 22 B B 4730, DT 1,
BN 3k — 25 R 5 SO OGS PLOGIE A 25 RAHAT . A Al — S PFTE AR W B T O A A , 3X 2
PR A A [ 9 1 9 0 7 RE B AN (] 98 7 A 1 00 180 H A — 4%, 283 NiO/Bi, Te, 5 B 45 B9 70 85 )5, NiO Hh
(728 R BE (5 Bi, Te, 0 oL ¥ B2 ) AS ), DT 26 41 L B b 3R B0 9 AS W) B S L 3
AR A SCHR T3 T A [R] 25 4 19 1 i % ( Responsivity , R)
L Ligw — Liw

R="b="m ot
P Pdensnys (3)

Ao, PIR R RIS E LA RBOCTI R | P, R CTI 2 B | S Sy B BIER 9B RO AR, H .S=0.244 8 cm’,
BT SCHG L I 25 R BRIV, =3 VI By 1, B s AR (3) , AT A B[] i 4 A T 9 4T 18 i iy
LG RE 6 FrR o 38 R LA R A% 14 14 e Ry 28 A] DL & B o) 7 23 Y e K{H H BRAE 380 nm BT, X & K Ry
NiO J& —Fh 9 5717 2 4k, 32 B2 2 52 A" 3k — 5 AT RUZE NiO Y W IS 3 ip A3 B4 TE . 55 4h % L
AN T #8541 04 56 35 Wi 132 %8 AT, 0.5 mol/LL i 44 1Y Wil 7 38 Fe K, 380 nm G BRI F] 71 019 mA/W, H
0.7 mol/L iy #84F (458 mA /W ) A1 0.3 mol/L )25/ (282 mA/W)., #HHZ T ,0.3 mol/L 1 0.7 mol/L &K K
N A JBE R v B DR IR B O iy (T A5 ARk XoT 't i) WA S e 553 sk P 0 a0 87 A 22, A TS B80HL g 7 S5 X 30N 3 —
S5 S WO T A PLOG I A 25 A — B BRI R R R B B 0 e % fe E AR 25 T NIO
XF 58 A 6 1 A R0 W LA K NIO 1 Bi, T ey S T8I AR B B 1Y B 47 1 5 B 4% i . NiO Wil 7 A St F i Re a5, 1
Yool T SR B A R AR A SO . )OH T NIO/BiL Te, 5 45 W AEAE L B 25 7R 2 9 9
ML A S0 0 8 HL T 1E AR B Te, #2570 B 76 NiO R, 78 A0 e 375 09 7 R 9 799 i el B Wi 4, B O
LI o

AN A SCIN T g8 AR AN [R] D'6 Th 238 % B2 N By oG s e 1 o [ O 19 K 380 nm, i . Vi =3 VL B
ARSI T N AT B 1, B 6 1) 5% B (R AR A an R 7(a) BT o S5 I 1, Bl 3 D6 T R % R i 3 K
LA NS 3 S B eI R X NE R VA  CTIS R E R I A S D a8 | e TR SNIT(TE 8 O e o LI A R
25O N I AE R, 2 A9 TS Bi, Te, o, DT (45 [0 % A A s T K . K 7(b) 2 AR
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Fig. 5 Photocurrents of the devices
—a— NiO (0.3 mol/L)/Bi,Te,
~1200 —=— NiO (0.5 mol/L)/Bi,Te,
= —&— NiO (0.7 mol/L)/Bi,Te,
é 1000 | —e— NiO (0.5 mol/L)+Au NPs/Bi,Te,
2 800r P, =1.96 mW/em?
2 —
Z 600 Vw3V
=}
o
4400+
[~
200

300 350 400 450 500 550 600 650 700

Wavelength/nm

E6 R ey i e B At

Fig. 6 Responsivity comparison of different devices
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Fabrication and Photoresponse Study of the Photodetector Based on
Novel NiO-Bi,Te; Heterostructure

SHI Minggang, MU Haichuan, QIAN Min
(School of Physics, East China University of Science and Technology, Shanghai 200237, China)

Abstract: As a significant p—type semiconductor, NiO is widely studied for its gas sensing and
electrochromism characteristics, whereas researches concerning its photodetection properties are rarely
reported. Herein, we fabricated a photodetector based on NiO/Bi, Te,heterostructure and studied the
influence of NiO’ s concentrations as well as the Localized Surface Plasmon Resonance (ILSPR) effect of
the Au NPs on the device’s photoresponse.

For the device fabrication, NiO film was spin—coated on the FTO glass, followed by baking and
annealing to form high quality crystal film. Then, Chemical Vapor Deposition (CVD) method was adopted
to lay Bi,Te,nanoplates on the NiO film, forming the NiO-Bi,Te, heterostructure. Finally, the device was
achieved via photolithographic process and Ag electrodes deposition, featuring a vertical structure with
FTO working as the anode and Ag serving as the cathode.

X-Ray Diffraction (XRD) and Scanning Electron Microscope (SEM) results demonstrate the
favorable crystal quality of NiO film and Bi, Te,nanoplates. Energy Dispersive Spectrometer (EDS) image
manifests the uniform distribution of different elements and Photoluminescence (PL) spectra were applied
to study the mechanism of electron—hole separation. All these results could be condensed to the point that
the NiO film with the concentration of 0.5 mol/L. shows the optimal crystal quality and the doping of Au
NPs aids the separation of electron—hole pairs. Furthermore, we also performed photo-electric tests to
evaluate the influence of the NiO concentration and the results show that the device achieves optimal
response with the concentration of NiO fixed at 0.5 mol/L, which meshes well with the characterizing
results.

In addition, tests regarding photoresponse to wavelength, power density and on/off switching were
conducted in ambient environment. With the presence of Au NPs, the maximum responsivity (R) of the
device reaches 1236 mA /W, about 21% higher compared to that of the pristine NiO, owing to the boosted
light absorption caused by the LSPR effect of Au NPs. To elucidate the weak signal detecting ability, the
specific detectivity (D") of the device is calculated and it attains the value of 5.97 X 10" Jones. Besides, the
photo gain exceeds 400% , indicating that there are more than 4 photoexcited carriers generated by per
absorbed photon. Beyond that, the formation of Schottky contact between NiO and Au NPs will facilitate
the separation of electron—hole pairs, thus accelerating the response process and shrinking the rise time
(T,) and decay time (T,) to 92 ms and 62 ms, respectively. The study corroborates the enhancement of
photoresponse resulted from the two internal electrical field due to the introduction of NiO/Bi,Te, junction
and Au/NiO Schottky junction as well as the LSPR effect from Au NPs.

This research offers a feasible approach for the realization of NiO-based photodetector and sheds light
on the enormous potential of the NiO's application in photodetection.
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