Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

{RIhFE. BREHIBI0,SeiE FHRN
FAMm e HAm XK REY FREE FEM FHE MR A
Bi,0,Se photoconductive detector with low power consumption and high sensitivity

Li Dan-Yang Han Xu  Xu Guang-Yuan LiuXiao Zhao Xiao-Jun  Li Geng-Wei  Hao Hui-Ying  Dong
Jing-Jing LiuHao  Xing Jie

5] Fi{5 B, Citation: Acta Physica Sinica, 69, 248502 (2020) DOI: 10.7498/aps.69.20201044

TELR T2 View online: https://doi.org/10.7498/aps.69.20201044

IS View table of contents: http://wulixb.iphy.ac.cn

AT REBOGEBR  HAN S

Articles you may be interested in

SN B SARDURRIT EE T 5 MR B —Ga203 40 KA b HAF IS
Growth and characterization of grid-like B —Ga203 nanowires by electric field assisted chemical vapor deposition method

YIBR2£4R. 2018, 67(21): 218101  hitps:/doi.org/10.7498/aps.67.20180805

BB MoSe JLA R A A I 00T B i HRL IR

Effect analysis and magnetoelectric properties of hydrogen in Co—doped MoSe, Co—growth
PIBRZA4R. 2020, 69(4): 048101  https://doi.org/10.7498/aps.69.20191302

ST SAHTURROT B A1 8R4 6 T A A LT RO s T

Synthesis of photonic crystal fiber based on graphene directly grown on air—hole by chemical vapor deposition

PIBR2A4R. 2020, 69(19): 194202  hitps:/doi.org/10.7498/aps.69.20200750

BT AR A LA
All-optical devices based on two—dimensional materials

WIFREHR. 2020, 69(18): 184216  https://doi.org/10.7498/aps.69.20200654

o O B2 TR AR SRR R AT Y
Research progress of high—quality monolayer MoS2 films
Y=z 2018, 67(12): 128103 https:/doi.org/10.7498/aps.67.20180732

2N R RAB A A Zn O B Z R B S —PER3 5 00 BE i

Properties of vacancies and N—doping in monolayer g—Zn0Q: First—principles calculation and molecular orbital theory analysis

PIFAEA. 2019, 68(24): 246301 https://doi.org/10.7498/aps.68.20191258


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20201044
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180805
https://doi.org/10.7498/aps.69.20191302
https://doi.org/10.7498/aps.69.20200750
https://doi.org/10.7498/aps.69.20200654
https://doi.org/10.7498/aps.67.20180732
https://doi.org/10.7498/aps.68.20191258

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 24 (2020) 248502

KIhFE. S RER Bi,0,5e St SR EE"

ZAM #HE

2 M

km X RERH  FREME
FHAR

xx AN

(P EM R (dbaT) o2ERE, JEaT 100083)

(2020 4F 7 A 2 HIEFI; 2020 4F 8 H 28 HUYEIEMH)

AT PR A SRR R BipOoSe T HE A B 2 FE B R ML R e |t fae th, 584
T30 2T A6 15 X0 S o T 24 A T [ Y R R . AR SO s b2 A TR R A R T R T AR = R
Bi,0,Se H & AR, 5048 1 R X v IR A0 A s e R, R 7R LR Al 3145 T BiyO,Se S HL AR AR, 43 il B
3T T Biy0,8¢ 7E 5 B f A LAk 3L A B AG L PERE. 76 532 nm YE IR, RIRHLE(UN 0.5 VI, =8 H 1
) BiyOoSe 8 JIE F14 51t Hi, 1 137 JBE 1 EL 43 0 % 785 35 45800 A/W A1 2.65 x 10%2 Jones (1 Jones = 1 cm-HzV/2W 1),
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KR 4EAPEL BiyOoSe, o TR, SLHL SR IIE:

PACS: 85.60.Gz, 81.15.Gh, 81.10.-h

1 5 =

T4 (two dimensional, 2D) # ki T HEA
R R T2 R | AR R REHE A KW
FMA B BRI, AR PRI A | &
6 AR | R BH BB Rt S A b SR AR AR | B
T5 L IR A A S A B 1z W E A -
L, 2D J2RAEF Biy0,Se Bl TR 2 AK) .
Bi,0,Se HA MUy i RE5HFN 14/ mmm 1) 25 [ 7
SR (a = b = 3.8, ¢ = 12.16), W& 1(a) AR,
Bi,0,Se B An AL B FHES )2 (Bi,0,) 20+ I 5
T2 (Se)2n~ AR HEZ M L, J2 5 2 Z 8] B A X
S5 L 45 A &, 2R 0.61 nm™. i
4, BigOqoSe HAT B & A7 AR A AR E M, AR
5 I RIS R (1.9 K: 29000 cm?V s, %
;450 cm2-V1s1). Biy0,Se M B HA 0.8 eV,
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It Hoh 7 BRI, HoA Bk 2 & 2R
B g/ RO Fu 45 T 4R 38 7R B2 8 nm (1)
Bi,O,Se JEHL AR, 7 532 nm JEHUK, WAL
K25 V i, Hm R BE (responsivity, R) FlECHEEI
& (specific detectivity, D*) 73 %]k %] 3.6 x 10
A/W F19 x 103 Jones (1 Jones = 1 cm-Hz!/2W1).
Tong 55 2 42 18 /Y /&5 R B 98 O 1% 8 [ (360 —
1800 nm) 1Y Bi,O,Se M HL fh (A%, #£ 405 nm 4k
Ve = 12V I BRAT 18 0 [0 B2 11 LG 45600 58 53 391 2y
50055 A/W Fl1 8.2 x 10" Jones, HFR I 32 ps
PR RO L I B SR B 3X 4 Bi, 0,Se JGHL AR F AR
HAER @t R UL, B e tkaets
PRI IRTE— 2 BIMEE T AR Y. RIS HERI
300 3 A R A VA T 2R R R, (A A AL T
BOEZS, W HL AT DARRAR LA Eom 2, AT 3R A48
e YOG PR RE . (EAE i i R AA N U BEAE, X
Ha A F T BigOqSe 18 AR T AE I H A% 4 b i i
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Fig. 1. (a) Schematic diagram of the layered Bi,O,Se crystal structure; (b) schematic diagram of the CVD experimental setup for
synthesis of BiyO,Se film; (c¢)—(e) optical images of Bi,O,Se thin films grown on mica at different magnifications; (f) optical image of

Bi,0,Se nanowires grown on mica.

Biy0,Se Ot HL a8 A4 76 T T R I il T i) TAE A7
38, Flhn Liu 55 19 648 T 408 -2 R4 Jm 45
F ) BiyOoSe V- TG HL I 2%, 763 A M M 55
T, Hoame KOG RN B 6 A/W, FEHR I 2
A 1.3 x 10° Jones. Luo % M T PbSe & {4
7 1 1 (colloidal quantum dots, CQDs) i fk )
Bi,0,Se Jt LM%, 1T PbSe Al Bi,0,Se 2 [H]
TE R 1T B et M A, e T ARk n ot
Mg o 3, FESA MR T 500 nm A 4 i 1 5 55 3] 1
~10* A/W. {Hj& CQDs A G 5, b T 22 2%,
JFHEAESE P, Feul 2 HALS 255w i
T 1 ANBEER G, XX TR R U R AN

FI. R Al il a8 20, 42 e I A B 1 AR I
i, SETEE A EARRERE T L REA SR —
TiUEA PR ) TAE.

ASCAH FAE2ASARDIR (chemical vapor depo-
sition, CVD) ¥ 7E 2 BF LA B 1 R T AR g ot 2 119
2D Bi,0,Se W, I 78 LAl bl 25 7Ok &
B, ZRT, =8 119 Bi,0,Se i 5 i &
PRI g2 B0 A0S e R Pk R, 7RI R I 1
ST, ma Ry BE AN AR 3R 53 1] 535 45800 A/W
F12.65 x 10'2 Jones, JeHE 25 A 105613, Hg5 ]
DU E HTRAE ) B A 25 AR R R AH L AL (7912151,
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2.1 Bi,0,Se HEIEHHI&

FKH—# CVD e nbE LA T Biy0,Se il
fiE. VD % B — M HR X E = (OTF-1200X,
HHEEHT), A SMEN 60 mm, KH 1.2 m. 5L
BB E A 1(b) PR, 56 BiySes(99.99%, Alfa
Aesar) 1 Bi,O3 #3K (99.999%, Alfa Aesar) 2% A
ARSI E T AE N, K BiOs i TE R
s e il X, BiySes 07 T A1 9245 Ll i AH
B 6 cm, K7 B 0 = B R OCE 7E T i, BB
Biy0 18—21 cm Z[H]. SRJ5 KA 08 % Bl HL2s
IR Ar SR P e, DURHETC A, S0
AR — A Ar RN, HUEE I E R
50—100 scem (1 scem =1 mL/min). HARA KT
Py 1 el U T HR = BAREE, THES R
BN 10 °C/min, 2|3k H bR S R ~ 40 min.
ARG R ZE, FEEEGE.

2.2 BEZS (polystyrene, PS) s BIRIEE
BHIE

K H PS i Bh AR Do 82 0710k BiOoSe
WAL 1) Si/S10, #IK . B IEHE Si/S10, 2
WRAE LT SN 258 /K P A S UE 10 min
FERET2 . SRR AL (SPIN-1200 D) AL
PR PS WEIRAE 2000 r/min | BERAERE M T,
BFEIZS S 45 s, FEAE HARIAEE T T4 10 min. 2R)5
LB FK (D) I BRI PS #EBE A BiyO,Se
—EMN =B FRIE I, [FEPEA A BiyOySe B PS
WL RL 2 Si/Si0, #HE L, 430l7E 80 C T T/
10 min, JF7E 130 C By LI 30 min, LAEC
3 Biy0,Se 5 Si/SiO, I I fil. fJm A i
AF R PR 10 min DAEFR PS WK, 7
A L BRA PR B Y. Xk, T LA S8
Bi,0,Se M = BEIE 3] Si/Si0, 3 A .

2.3 ERHHHEERE

6 BAEE (Olymbus BX53 M), Ji+ )
B 148% (Bruker Multimode 8) FI i3t A 8o i
256 1% 4 (Reinshaw invia-Reflex) % Biy0,Se #f
FIIES . G5 RAE. SR 5 i S C 21 H AR Fh R
RV AETE BigOoSe WM - il % 43 J Hudl, HLAK

HRRAT: 1) it AR R S AR E R, '
SOV RE I 25 B K TS VR, AR R AU
T, B HUSTERE EHEROGZINE (AZ6130), Fe i
B[] 43531 >4 4000 r/min Al 60 s, SR )5 e ML
FIORR 1 min, $FAE SR LM E 2P 1T R,
299 s. IR EEOLE MR A BT R D Y
1 min JFH 25 F/KIEGE, X BFHEREAR A EDEBL
B B 2 e L L. 2) ) IR A B R
% (bR BRRERHE A PR A, RS i BH 78 R AR
Bl XHD-400) 78/ %, &M Cr/Au(5 nm/50 nm)
VBN 4 Jm k. BRIl 4 S , BRI ERAIIC K 2
BEVE RFIRMCZINE, e e i il £ . AR SES
B L IR R 8T 5 (Semishare) Fl Keithley
2634B PR, SCIER IR 532 nm HOL.

3 #R53

i CVD ILTE =B EA LT Biy0,Se i,
TESZH Y, BiySes Hl BiyOg WA o JFURL > 2 1L
Bi, Se fil O. £ CVD A=K Biy0,Se WL 2, A
PR AT g i A AL 25 —Fh, BiOs 70 F 1 56
WTE = BER R EIFREZ 8, AR5 AW 5 R R 5
T BiySes 43 KW AR K BiyOySe M &5 —
Bi, O3 Fl BiySey 75 S AH H 1 56 & i A BT Bi,O,Se
AR, SR R A IS L, TEAZAE K. Tong %5 12
FEREA BiyOs MR/ N LB T 2858, ]
TEE B F3A5 T BiyO,Se Wi, 24347, INH
BiyOs 43 FHEfE S i 1, RSS9 BiySey
I3 F IR A R BigOySe HEIE, T BiyOg K3 AL 1R
FE N 550630 °C. Peng MEATLH 16 F) ] 4 AL 50
JIEATG Ak 52 7 1 45 BisOoSe, SR N 500 C. 1%
SEsIO RIS Bi—O ST R s . 7538
IR LK (B 1(b)), = BE3E A7 T 948 R Ui
20 cm FfHiE, BT IEARRE KA 400—450 C, i
FEASJE LIS AR AR B Ak SRz . PR I AR TR AT ]
B S IG HBE AT BB AR K AL 2 5, B e
7 B BT A B Bips0oSe BIFE FHERS 2 T, DIBTE
R b 5 lESEGE S Y T i ETE T H A
HAERAM E, BiyOySe J2 [H] # HAH BLA/E H R, X
225 Biy0,Se B ] T A7 1o A= 1447 iy
DL B 1 A Ae) SR 18/ L A K i
L) £ Y L R ALY 2D Bi,OoSe . A% AT
JAN, 2 BE LA i i AR RO T T R
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JRF R F R AR 2R/, IfF H a8k K2R
Biy0,Se 1 Se? 2 2 [H] A7 16 5 5t 1) #f L AH ELAE
PR E T FF )2 BiyOoSe TR BRI AE A 181 Rt A
SO TR B Y 2= Bk T BipOgSe BYA K. TEA4E
Kt i, BiyOoSe HIMEAE 2 BE Fr b W A Av
BEALAY, MRESE YA R UL, B 5 T e R A 6k
Al & Wil 5500 B U, 55 —)2 Bi0sSe 41
TR EE, T Bi,0,Se i o H
7 A e i IS4 SR A s i it 1] ) e VA g
EA SIS, R BiyOoSe HEMFDKEE AN WS i)
Dy A, YR, B ARG, R ABE A
Wi, fen B AR KA. B 1(c)—(e) AR
AR T AR =B R B Bi0,Se A G2%
F%. 7T LA H Biy0,Se K/ i 6 JL ok 2
150 pm Z[8). fHE 1(d) FE 1(e) AT LAVEZEHL A
| BiyO,Se MU ¥ 1E J5 R s, 38 kG 5 ]
AR SE (AT L 3R RN A K B[]
), ATRASRASEEE 100 pm BRI Bi0,Se 1H
JEE. Ab, 4R KR R G (W0 620640 C)
WF, o3 F 4 BORBAR, 4 NN ) 53 FE AR,
W AR Rt R DL gl Jy 2 B o, AR AEL T
bk E Biy0,Se BAGIT—4E 7 m A K, Kl
KREHIEA 1020 (&l 1(f) PR,

B 2 AR X Biy0,Se W IR 51 Je N ~H 43 5 0

BRI X Biy0ySe A K AR R HE, 5
B PRIE 2 918 640, 660, 680 °C, 1E = FhikE
T AR ROGS IR B 2(a)—(c) Fias. A
3 MR P AT L A b B A IX 3 AR T AR AT LAk
1RHIE I BiyO,Se MR, (FUZ AT 4370 2 B R K
AN AN AR BE AR AN o AR L, YR A
b, (AR RSHEREN, ME 660 C T
R B SRR AR 2D (R RS BB Y BiyO,Se R
PR 8] 2(d) K BiyOySe RSF43Ai &, al AT 1
Wb BN AR R B IR E AR k. B 1 B i T
1, BiyO,Se MR R 5L B S 0 5 vt/ N AR £k
B YAl IR B AR AR, BTG FOE A H B
REAIK, ATORIAZR 2 TUA%, AL R, (&2 4y
TP B R A s, RN, M2
Th o B B, I A% AR RN A A Fh RE A 22 34 4
K, FEORAZ R M, A% 2% B AH R FRAIC, TR T
Paz hshrersm, fEdE T RTIRIR T B R O
AR, I BiyOoSe BAIE [ FLEL K. SR, 24
YR SL T o 5 B R A B — I A, 3 v IR B 2
WA IS RE K, 4> Fiz 3h FL A BR, i B i ok
ROy T 25 5 f B, Be T3 BiyO,Se RSE AR/,

Biy0,Se i 5 1 J57 7 1 B B R i 3(a)
Fi7R, ATUAESBHIE LR 20 nm, ARYEERZAHE

(d)

Size/pm

640 660 680
Temperature/°C

(a)—(c) AFAKIEE T =8 | BiyOySe MR A G2 M (d) AFIAE

LB T Biy0pSe Y RS 437 I8, AR B (AR AR RS L Y Bib0,Se
Fig. 2. Effect of growth temperature on the morphology and the size distribution of BiyO,Se films: (a)—(c) Optical images of Bi,O,Se

thin films grown at 640, 660, 680 °C, respectively; (d) size distribution of Bi,O,Se films prepared at different growth temperatures.

Different color denotes different size range.
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nm

25 1

1"0 nm

E 3

(b)

Intensity/arb. units

140 150 160 170 180

Raman shift/cm~!

130

120 190

(a) BiyO,Se WY J51T I3 B HME IR F5 (b) BiyOySe Wi AYRL S OL1E , 17 AU Ay, IRBI 4 J50T ] A9 AR Xz 3l

Fig. 3. (a) Atomic force microscope image of a typical Bi;O,Se thin film with a thickness of 20 nm; (b) Raman spectrum of Bi;,O,Se

thin film. The inset shows the relative motion of atoms in the A, mode.

JEERE 0.61 nml, 20 nm 2955 F 32 JZIEEE. €] 3(b)
SETERE R 532 nm PO T Bi0,Se 72t
i, FO AR TR Ay, FAIEIERLT 157.7 cm
b, Ay, BRAGRH T Bl R RA 2 BRI SMRS)
SHEM, EFiRNEnE 3(b) fHE RN 212
ot R FJRAHI 4 T BiyOySe S HL SR
i, Bl 4(a) st R S8R0 s - R
KR MEWE 4(b) P, HEWIT RS IRH
AN BiyOySe Z AL 1 T R 4 A0 WICIEH4 fik . # 1F
16 0.5 V ik FIEHIHA 10 nA, TIFEHA 5 nW.
By 532 nm WEOCHR IR, SCIREE N
0.064 mW /em? I}, JEH A H] 0.24 pA, HEHE
W5 EE R 24 ] 4(b) Hfeli B ki A et Tl o 1oz f1
S, LR R ER R ARG G TR O, &
PR EFHEFRIFT N RERRIZEARZ, 2978 0.2 s. & 4(c)
SOGHLL (1) FEOCHIHREEE (P) 2B m R £k,
ATLAE T Iy = A x PR LG, Fod A 2L
BIREL, o BUESE. NETH AT LIES, o HiEE
F 1, UEBOG I R E R O H SR SR,
[F] s 10,22 B FRATT 1 48 1 BipOpSe VoIS i 14 JBT 1t 45
15, SRR, ATLAE RIS R R 0.5 VB, Rl G
R 0.013 mW /cm? # 1% 0.064 mW /cm?,
JEHLEM 0.07 pA HEME] T 0.23 pA. S HL YL L
JEE R AR 3 2 T G F 0 28 B Y S
AR HBOR I 75 2 i P AL ) TRk TR, HEERaR =
R = I/ PS, (1)

D* = RS2/ (2e Iy ) /2, (2)

Hooh, R AR, P ABDCIPRSIE, § A
SORWTTT AL, D' AR A, ¢y 3 i, [

Rt (1) R (2) R AT E ASHETh
N 0.013 mW /em?, fi & HLE R 0.5 VR, i [
& 45800 A/W, L #R I 3 5K F] 2.65 x 10"
Jones. Liu % 31 1 Luo % MIRIE AY Biy0,Se YGHL
B &s (JEEE51°4 9.8 nmAl 6.2 nm) 7€ 500 nm
b ARAT B R BE 3 5 29k 2.6 AJW R 107 A/W.
Wu %5 191 i £ 7 2D BiyO,Se B 51 5 1 #4400
% (JEEFE N 5 nm), 7E 532 nm Ab Y6 L i B FE N
2000 A/W. #HELE, FATHHREIZFF8 bR L TR Z
AR T A R IE R 25 O30 AT e AFRATTAE K
1) BiyOySe TH IR AT LU ASE i 9 i 4 5 8 F LL A 5
AR (20 nm) A 2%, B )2 00 2 A
Lb, 22 2 RS B i TR Z AR O, B 4 Xt
WA B TR, T LA A R 2 D L I
MR (G) R AR 5 —
BB, B ORI A S G ATl g )
FIEFEL el s (3) 20T
G = Rhe/el, (3)
Horb, b o EATEE R, ¢ G, N M ASDEIK.
o (3) IS GIEANE 4(d) iR, fEASTE
U134 0.013 mW /em?, &M EHR 0.5 V i,
FKIGHE 25k 105613, XF THLA SR, Ot
WER AT IR RN G = 7/7, o 7 MG EIR
T, M7 AV TE R T PR R]. X
L/pE = L/uU, Hrr, L W EREE, it %
R, ENWIRE IR E, U AN s, XFA
SCAMAR UL, I S R B A, BT
R, X PR B AT 2519 BiyO,Se JA6 T
B, Ty ESSEE S oD, A 4(d)
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Fig. 4. (a) Optical image of a Bi,0O,Se photoconductive detector on mica; (b) I Vg, curves of BiyO,Se device under illumination by

laser with different optical powers; (c) light power dependence of photocurrent (I;) under different bias; (d) relationship between

light gain and light power under different bias.
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Table 1.
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Comparison of the performance of Bi;O,Se with other 2D semiconductor phototransistors (ME represents mechan-

Materials Fabrication method Responsivity /A- WL Detectivity/Jones Rise time/ms Reference
MoS, ME 434 101 120 [23]
ReS, CVD 1208 1010 — [24]
SnS, CVD 167 — 100 [25]
SnSey CVD 1000 1010 14.5 [26]
In,ySey ME 59 101 0.18 [27]

Graphene CVD 0.73 101 0.32 [28]

BP ME 4.8 x 103 — — [29]

Bi,0,Se CVD 45800 1012 200 This work

AT, S 25 B A R S i 3, H B 6T
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JEHE 25 AR, ORI R B E TR R,
AR B Z B, SBERR TR AT
o, AAR . HHAL 2D A SRR RO B AR A
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BECRE RN I 0y T4 2R B T S e
TATE it — 25 T =3 A L Bi0,Se 44
KL HDEHAT R, B 5(a) NEPELERTZS ARG

DI BT 1 Iy Ve Rk, HAdi B Bi0,Se 44
KGR . AT LV, 22 BEE
WP R, RV G Jm AR Z 0] A R At
Pefih, 7ECTREE N 636.9 mW /cm?, i & T
A1V, JEHIRIER T 65.3 nA, YRS HGAF] 102
TECTIREE R 127.4 mW /em? AN 1V Y,
RN D*Ee KAH 4> 510 0.071 A/W Fl 1.63 x 108
Jones (& 5(b)). SHTEIHIE AT BiyOySe #n {4 AH L,
Biy0,Se 44K L LM 25 17 R A1 D'E/MR £
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Bi,0,Se photoconductive detector with low power
consumption and high sensitivity”
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Abstract

With the advent of graphene, atomically thin two-dimensional materials receive great attention in both
science and technology. However, the characterization of zero-band gap of graphene hinders its applications in
semiconductor logic and memory devices. To make up for the imperfection of graphene, one has made efforts to
search for other two-dimensional layered materials. The Bi;O,Se is an emerging material with very high electron
mobility, modest bandgap, and excellent thermal and chemical stability. In this work, high-quality Bi,O,Se thin
films are synthesized through chemical vapor deposition. The effect of temperature on the morphology and size
distribution of BiyO,Se thin film are discussed in detail experimentally. Under an optimized experimental
condition, the Bi,O,Se thin films with a lateral size of 100 pm are achieved. Interestingly, Bi;O,Se nanowires
are obtained at a lower growth temperature (620-640 °C). The photoelectric performances of Bi;O,Se on mica
and silicon oxide substrate are examined based on a photoconductive mode. At a small bias of 0.5 V, the
responsivity and specific detectivity of the rectangular Bi,O,Se thin film on the mica substrate reach 45800 A/W
and 2.65 x 10'% Jones, respectively, and the corresponding photoelectric gain is greater than 10°. The photoelectric
performance of our device is comparable to the best results achieved by other research groups, which may be
related to the higher quality and appropriate absorption thickness. The Bi,O,Se nanowire and Bi,O,Se thin film
transferred to Si/SiO, by a polystyrene-assisted method also exhibit a good photoresponse under the
illumination of a 532 nm laser with a high optical power density (127.4 mW/cm?). The experimental results
demonstrate that the BiyO,Se has great potential applications in the optoelectronic devices with low power

consumption and high sensitivity.

Keywords: two-dimensional material, BiyO5Se, chemical vapor deposition, photoconductor
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