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Fig. 1. Preparation process of CsyAgBiBr/TiO, SL@NPs photodetectors: (a) Formation of TiO, SL; (b) growth of TiO, NPs; (c)

preheating treatment of precursor solution and substrate; (d) spin-coating method for deposition of Cs,AgBiBrg thin film; (e) low

pressure auxiliary treatment; (f) annealing treatment; (g) thermal vapour deposition of Au electrodes; (h) schematic diagram of

three-dimensional structure of perovskite photodetectors.
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Fig. 2. (a), (b) SEM of the surface and cross-section of the Cs,AgBiBrs/FTO device, respectively; (c), (d) SEM of the surface and
cross-section of the Cs,AgBiBrg/TiOy SL@NPs/FTO device, respectively.
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[33]) B AHAF, 2 HH I /K AR AR BRE b 4T
A1 TiOy 9KEE. K14 4 Cs,AgBiBrg/TiO, SL@NPs
BEERD S FE I 25 A SRS N 1 TAERLEI AL,
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Fig. 3. XRD patterns of the Cs,AgBiBrg layer and the
CsyAgBiBrg/TiO, SL@NPs layer, where the simulated
XRD patterns of Cs,AgBiBr; were obtained from Ref. [32].
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[l 4 CsyAgBiBrg/TiO, SL@NPs £5EK 5" B #0035 76 06 MR 45 44 F 19 TAE LI &
Fig. 4. Mechanism of operation of Cs,AgBiBr/TiOy; SL@NPs perovskite photodetectors in light conditions.
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WA T LR T, X T TiO, NPs /] LR A
S CRR B FE AR BT 6, (5452
EEL RPN R

K 5(b) £ T 7 Csy,AgBiBrg/FTO LA M Cs,
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JEiEE. 7E FTO B AHE B A K A ek
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FEAR MK S TiO, ETL 22 [8) & 4= T 4 % (1) o fap
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5 2 Tk T B, DR/ N R 1 A% R 5 B9 -
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Ji4s, IR RER 22 RS A AU AE— 1 Jr ) gk
LT I S B L 28 B S, i 2S ORI T RERS
DLSE [n] 1) 6 A% ) 25 FRLAR S 2, 45 8 B0 L
R B,

& 5(c), (d) J& M CsyAgBiBrg Al TiO, WO

T PR IBCRH W S, e (1) =BT A 22l Y Tauc
l’§l, CIRY NG SR TR 2 eV SR B oo

(ahv)" = K(hv — E,), (1)

Hrb o BWICREL, h R8I TOR AL, v o A
H K ONLBIE B n TR AL, SRR
PO BRI, 0 = 25 2 PARSEHL N [A] 417 iR
IR, n = 1/2B7. Cs,AgBiBrg 1 K A [A] 4274
Bl K, no= 1/2. & 5(c) #UA Fifs Cs,AgBiBrg
BT B E N 2.18 eV, 5 Zhang %5 B8 #z 3B 1 {E
A2 I HZ (B AR SCHR [39] RIE K 1.83—2.27 eV
WAL . & RIE T E, (EAATE 200 5 A
SIS B & AR FR I B 7 AN TA]. X
FHA HAW B TiO, 90Kk4E, n = 2, B 5(d)
PG PR BRE A 3 eV, HUE /NG Pk 44
A1 TiO, FIHIE M 3 eV —F, 5 H At SCiik 48
B4 2147 Ti0, B B E 2.98 eVEL F1 3.09 eV
AT, %45 B SR SC XRD BY4AT 45 SRARATF, JIE
A SRl R 42 2147 TiO, 48KAE.

HHIE CsyAgBiBrg/TiO, SL@NPs/FTO %%
PAEA R G B RN E 77, A< SCRIH 365 nm %
KR AR RN 405 nm I 4 9 T 3 6 TR 43 51 LA
AFEPEIIE (0.31, 0.152, 0.094 LI 0.056 W /cm?)
FE-3—3 V [ HL RS Bl N XS TR, ot
LB AT FL N 6 firzR. ATLAE Y ZEPRAN K
PR T, A iy B e i e e, I HAZEAR
[ B DR T 405 nm PG IR B & i St
TAEAR L 365 nm YA G IR UL BT A O B U (2
. XA IR 5 B 5(a) AR Wt AR AE,
TEZSF B W #h 28 7 405 nm 5 K 00 W6 BE A L
365 nm [ IO BE LR AR SCIY ngAgBiBr6/
TiOy SL@NPs/FTO i HL R 45 14 S 7 45 A5
WS 2, 72524080 n] WL 24Nk BEAR A AT
i o P RE.
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Fig. 5. (a) UV-vis absorption spectra of Cs,AgBiBr/FTO, TiO; SL@NPs/FTO and Cs,AgBiBrs/TiO, SL@NPs/FTO devices;
(b) steady-state PL spectra of Cs,AgBiBrs/FTO, Cs,AgBiBrg/TiO; SL@NPs/FTO devices; (c), (d) Tauc plots for Cs,AgBiBrg and
TiO,, respectively.

10-2 10-2
10-3F 10-3F
104 1074
10-5 10-°¢
< <
P T w0t
g 1077 g 1077}
g 10 g 105k
10-° 10-9F e
10-10 1010
— 405
10-1 10~k (b) —— Dark
10-12 \ \ \ \ \ \ 10-12 \ \ \ \ \ \
-3 —2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Voltage/V Voltage/V
10-2 102
10-3F 10-3F
10-4F 104k
10-° 10-°f
< <
T w0 LR
g 1077 S 10-7F
2 1078 £ 108§
© 10-° © 10-%¢ 365
10—-10 1010 3 e
— 405
10— 1011 F (d) — Dark
10-12 \ \ \ \ \ \ 10-12 \ \ \ \ \ \
-3 —2 -1 0 1 2 3 -3 —2 -1 0 1 2 3
Voltage/V Voltage/V

K 6 Cs,AgBiBrg/TiOy SL@NPs/FTO fi {175 S5 4 2 FT 4K 85 o 3 (8 LA B 8 365 nm A1 405 nm KOG IR LU 7] % U &3 &
B MEN . (a) 0.31 W/em?; (b) 0.152 W/cm?; (c) 0.094 W/cm?; (d) 0.056 W /cm?

Fig. 6. Comparison of the dark current values obtained by the CsyAgBiBrg/TiO, SL@NPs/FTO device under dark conditions and
the photocurrent values obtained by being excited by 365 nm and 405 nm wavelength light sources at different optical power:
(a) 0.31 W/cm?; (b) 0.152 W/cm?; (c) 0.094 W/cm?; (d) 0.056 W/cm?.
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Fig. 7. Time-domain optical response current of the Cs,AgBiBrg/TiO, SL@NPs/FTO photodetector (Bias voltage: 0 V, incident
light intensity: 0.31 W/cm?): (a), (b) Cyclic I-T curves for the excitation of light source (on/off) at 365 and 405 nm wavelengths, re-

spectively; (c), (d) single-cycle I-T curves for the excitation of light source at 365 and 405 nm wavelengths, respectively.
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8  CsyAgBiBrg/TiO, SL/FTO JGHL M 23 (9 SEM Bl (a) FRIHi; (b) #H
Fig. 8. SEM images of Cs,AgBiBrs/TiO, SL/FTO photodetector: (a) Surface section; (b) cross section.
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Fig. 9. Comparison of the performance indexes of CsyAgBiBrg/TiOy SL@NPs/FTO photodetectors and Cs,AgBiBrg/TiO, SL/FTO

photodetectors: (a), (b) Comparison of photocurrents obtained by exciting the two devices with different light intensities at 365 nm

and 405 nm wavelengths, respectively, and the comparison of dark currents obtained under dark conditions; (c¢), (d) plots of the

variation of the responsivity with the incident light intensity obtained by exciting the two devices with 365 nm and 405 nm

wavelength light sources, respectively; (e), (f) plots of specific detectivity versus incident light intensity for two devices excited by

365 nm and 405 nm wavelength sources, respectively.
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# 1 CsyAgBiBrg HOCHERI AR89 LR N PERE LU

Table 1.  Comparison of photoresponse performance of Cs,AgBiBrg-based photodetectors.

Device structure Measurement conditions Responsivity/(A-W1) D"/(10° Jones) Ref.
ITO/Cs,AgBiBrg single crystal/ITO 1V, 460 nm 4 x 10° 20 [46]
Ag/Cs,AgBiBrg single crystal 5V, 400 nm 0.92 1.38 [47]
CsyAgBiBrg/Sn0,/ZnO NRs 405 nm 0.608 29.7 [43]
Cs,AgBiBrg/Sn0O, 350 nm 0.11 21 [48]
CsyAgBiBrs/TiO, SL -3V, 405 nm 0.016 2.1 This work
Cs,AgBiBrg/TiO, SL 3V, 365 nm 0.014 2.4 This work
CsyAgBiBrg/TiO, SL@NPs -3V, 405 nm 0.057 56 This work
CsyAgBiBrg/TiO, SL@NPs -3V, 365 nm 0.019 19 This work
8 R
103, 8.2x10* A. 7£ 365 nm Al 405 nm Jf K T D* = W (3)

TiO, SL ETL SGHL M &8 1-F- 295 5 L 43 51k 8
F1 19, TiO, SL@NPs ETL Yt HL #1075 i) - 34 1
K Eb 439 522 1 2090, FHER T RIE S BT T
65 155 F1 110 5. F5EKA™ S FEFR N 25 L 7 Pk R i ek
2 FEIH K TR TS, GRS 5558k
JE AT A R, A R, I B AR AESEH
AT LLRE AR FRAE RS Y, (A9 AR
T AL RE AR, BE IS BRETJE X Wi, s
WCRT DA A5 R AP F JE4O' FRL JAE .

WAV FE ROV GRS M RE OGS4,
SEIGHLI 5 AGHEIR A L3R, FCRIRI S Al A
R WG S 149

Tiight — Ldar
R— lghPinSd k’ 2)
HA By AVCHI, Ly HWERLIR, Py, R ASDER
B, S BARR. 78 365 nm Hl 405 nm JEIIM A
T R B A B O B AR Ak Y R N 151 9(c), (d)
FER, TEBRR R G B8 T R R A (b MBS Py,
MBS R B WG R, £7 4 (2) . Lh0.056 W /cm?
o B 1Y) 365 nm A1 405 nm % KGR A, Cs,Ag
BiBrg/TiOy SL@NPs/FTO ¢ H F0 & () 0 17 i
439 4 0.019 A/W 1 0.057 A/W, Cs,AgBiBrg/
TiOy SL/FTO S HL 44 I 5 1) W 7 B 4351 >4 0.014
F10.016 A/W, 49KFEZ5H) TiO, ETL M 854K 8™
S FL FR 2 0 1 LE T 45 F4 TiO, ETL [ 454K
A L AR g e 57 4 4 v T 35% i 256%. I
HE T A ) 7R AR RDE R T, 94
KA 235 460 S FEL R0 4 1 7 8 650 S I 485 A AL 340
$ETE.
FLERINR DGR RIS 1) 5 — D E S
HR e T HMEE Sy, T RAE LR A S

Horr g Z I, Jy N R .
365 nm Fl 405 nm JEIEE T D° BEA G658
AR ANE 9(e), (f) Pias, BIFCREDEI AT
D" W IRAS b 3ER 5 R AR LA, 56
(3) X\ D' 5 RWIEHL KR, TiO, SL@NPs ETL
B 5 EK ' HEL DN #% AE B3R h 0.056 W /em? 1Y
365 nm Fl 405 nm ¥ OGIRATHCE T AR 55
S8 1.9x10% Jones A1 5.6x10'° Jones, Ak TiO,
SL ETL WOGH M ER 2 342 T 6.9 £5 70 25 £4.
TEHAOC R SEAET , KA S5 R4 6 F AR 25 1 LEAR
D ZRARE T 2549 7 258 A — D PR BE
PETE. W 1 FTH, A TSR [43, 46-48] FAE Y
Cs,AgBiBrg SOGHLIRM #%, A SCHI & A HE T TiO,
SL@NPs ETL RG22 Y F PRI 324
BA—E ML

4 % i

i 3 — 2P e U k4 AR Sl B e PR A T
PRI A& T AR JCEH AL . 350 S R AT
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AR TS Cs,AgBiBrg HiEAE £ 401 WO
X HA AR, Sl Cs,AgBiBrg/
TiO, SL@NPs/FTO F5EK0 't i #0075 76 A [] %
KOOI ¥Rk bt i HBA RAFHY
HAPERIRR S PE. JE SEEx L, R TR T AR
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078502-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 7 (2024)

078502

K, FETFEC BT T 65 50 110 £, 7E [
FEIGHEN 0.056 W /em? ) 365 nm Hl 405 nm K
IR, TiO, SL@NPs ETL JtHL M 2540 L T
TiO, SL ETL St HL R g e 57 52 43 48 T 1 35%
1 256%, LA R8T T 6.9 15801 25 75, Ot
FL PRI 5 1 i i 4 U T TiO,NPs ETL A9 4
A, TiOy NPs g AfE Cs,AgBiBrg 1 I Fp A% 3E T
PO Z (1R iy B, I PG R BRAE GO AE
Mg Z [6], A SOG4 vh iR S %A%, DT
PE R AR ASOCRI AR, Ak, AW
GRS AR T — > B0 TR AR, $2
T H AR B RO AR AN IE T
TiO, 40K AT L5 N T Cs,AgBiBrg F55k 5 G
RGP RE M AT BB, 1T HLIA v] LAY R 21 7Y
PERE S & 2 .

S7% 30k

[1] LiZ Q, Yan T T, Fang X S 2023 Nat. Rev. Mater. 8 587
[2] Arya S, Mahajan P, Gupta R, et al. 2020 Prog. Solid State
Chem. 60 100286
[3] Chen Y H, Feng Z J, Pal A, Zhang J C 2022 Phys. Status
Solidi A-Appl. Mat. 219 2200018
[4] Chouhan L, Ghimire S, Subrahmanyam C, Miyasaka T, Biju
V 2020 Chem. Soc. Rev. 49 2869
[5] Li HY, Shen N, Chen S, Guo F, Xu B M 2023 Adv. Funct.
Mater. 33 32
[6] XiYY,Han Y, Li GH, Zhai AP, Ji T, Hao Y Y, Cui Y X
2020 Acta Phys. Sin. 69 167804 (in Chinese) [BF &%, #ifi, 2
R, LT, B0, AR E, AR 2020 PR 69 167804]
[7] Jeong B, Han H, Park C 2020 Adv. Mater. 32 35
[8] Priyadarshini P, Senapati S, Naik R 2023 Renew. Sust.
Energ. Rev. 186 39
[9) Wang Y X, Zhao H R, Piotrowski M,
Micromachines 13 28
[10] Shamsi J, Urban A S, Imran M, De Trizio L, Manna L 2019
Chem. Rev. 119 3296
[11] Chang Z Z, Lu Z J, Deng W, Shi Y D, Sun Y Y, Zhang X J,
Jie J S 2023 Nanoscale 15 5053
[12] Chang Z Z, Deng W, Ren X B, Liu X Y, Luo G, Tan Y,
Zhang X J, Jie J S 2023 ACS Appl. Mater. Interfaces 15
32037
[13] Wang L X, Li R J, Liu H, Wang P Y, Shi B A, Zhao Y,
Zhang X D 2021 Acta Phys. Sin. 70 118402 (in Chinese) [T
e, 2N, XIHE, EMEBH, Abx, &R, skES; 2021 P32
70 118402]
[14] Nazir G, Lee S Y, Lee J H, Rehman A, Lee J K, Il Seok S,
Park S J 2022 Adv. Mater. 34 45
[15] Yan X B, Zhao Y, Cao G, Li X Y, Gao C, Liu L, Ahmed S,
Altaf F, Tan H, Ma X P, Xie Z J, Zhang H 2023 Adv. Sci. 10
55
[16] Ghosh S, Pradhan B 2019 Chem. Nano. Mat. 5 300
[17] Yan Y J, Pullerits T, Zheng K B, Liang Z Q 2020 ACS
Energy Lett. 5 2052
(18] Gao Z Y, Mao G Y, Chen S Y, Bai Y, Gao P, Wu C C,

et al. 2022

(19]

20]
21]
[22]

23]
(24]

25]
[26]
27]
28]

29]
30]

(31]
(32]

33]

[34]
[35]
[36]
[37]
[38]
[30]
[40]
fa1]

[42]
[43]

[44]

[45]

[46]
[47]

(48]

078502-10

Gates I D, Yang W J, Ding X L, Yao J X 2022 Phys. Chem.
Chem. Phys. 24 3460

Tkram M, Malik R, Raees R, Imran M, Wang F, Ali S, Khan
M, Khan Q, Magbool M 2022 Sustain. Energy Technol.
Assess. 53 16

Supatutkul C, Sitarachu K, Laosiritaworn Y, Jaroenjittichai
A P 2023 Mater. Today Commun. 36 7

Igbari F, Xu F F, Shao J Y, Ud-Din F, Siffalovic P, Zhong Y
W 2023 Sol. RRL 7 28

Chen X, Jia M C, Xu W, Pan G C, Zhu J Y, Tian Y T, Wu
D, Li X J, Shi Z F 2023 Adv. Opt. Mater. 11 48

Dipta S S, Uddin A, Conibeer G 2022 Heliyon 8 12

Peng Y Y, Jiang D Y, Zhao M, Duan Y H, Wei H M, Li H D,
Liang Q C, Wang S W 2023 J. Alloy. Compd. 965 8

Zhen C, Wu T T, Chen R Z, Wang L Z, Liu G, Cheng H M
2019 ACS Sustain. Chem. Eng. 7 4586

Yuan Y, Ji Z, Yan G H, et al. 2021 J. Mater. Sci. Technol.
75 39

Sun P, Qu G P, Hu Q K, Ma Y C, Liu H S, Xu Z X, Huang
Z F 2022 ACS Appl. Energ. Mater. 5 3568

Manjunath V, Bimli S, Shaikh P A, Ogale S B, Devan R S
2022 J. Mater. Chem. C 10 15725

Chen C, Zheng S J, Song H W 2021 Chem. Soc. Rev. 50 7250
Xiao B, Tan Y, Yi Z J, Luo Y B, Jiang Q H, Yang J Y 2021
ACS Appl. Mater. Interfaces 13 37027

Qin K, Dun G H, Li Y Y, et al. 2023 ACS Appl. Mater.
Interfaces 15 37640

Slavney A H, Hu T, Lindenberg A M, Karunadasa H I 2016
J. Am. Chem. Soc. 138 2138

Djokic V R, Marinkovic A D, Petrovic R D, Ersen O,
Zafeiratos S, Mitric M, Ophus C, Radmilovic V R, Janackovic
D T 2020 ACS Appl. Mater. Interfaces 12 33058

Xiao T, Zhao J, Sun P, Li P, Zhang Y K, Zhao N, Ren Z W,
Li G, Huang Z F, Zheng Z J 2021 Small 17 10

Pan B K, Gu J H, Xu X L, Xiao L. B, Zhao J, Zou G F 2021
Nano Res. 14 3431

Cen G B, Sheng H G, Wang Z X, Yi L, Sun H C, An Y P,
Zhao C X, Mai W J 2023 J. Colloid Interface Sci. 652 34
Jubu P R, Yam F K, Igba V M, Beh K P 2020 J. Solid State
Chem. 290 121576

Zhang Z Y, Sun Q D, Lu Y, Lu F, Mu X L, Wei S H, Sui M
L 2022 Nat. Commun. 13 12

Igbari F, Wang R, Wang Z K, Ma X J, Wang Q, Wang K L,
Zhang Y, Liao L S, Yang Y 2019 Nano Lett. 19 2066

Vu N H, Le HV, Cao T M, Pham V V, Le H M, Duc N M
2012 J. Phys. Condes. Matter 24 405501

Dharmale N, Chaudhury S, Kar J 2021 ECS J. Solid State
Seci. Technol. 10 10

Lal M, Sharma P, Ram C 2021 Optik 241 14

Shen W H, Jung U, Xian Z P, Jung B, Park J 2022 J. Alloy.
Compd. 929 167329

Wang C, Zhao F Z, Zhou Z Y, Li X X, He S L, Zhang M L,
Zhang D Y, Zhang L C 2022 J. Alloy. Compd. 905 164245

Hu Z T, Shu X, Wang X, Li Y, Xu R, Hong F, Ma Z Q,
Jiang Z M, Xu F 2022 Acta Phys. Sin. 71 116801 (in Chinese)
(W%t 788, E7, 220K, 1R, dbig, DAL, #act, 1
2022 P)REA 71 116801

Li T, Wang J, Gao Z Y, Lii P, Yang Y B, Wu J S, Hong J
W, Wang XY, Zhou Y W 2019 Appl. Phys. Lett. 115 131103
Dang Y Y, Tong G Q, Song W T, Liu Z H, Qiu L B, Ono L
K, Qi'Y B 2020 J. Mater. Chem. C 8 276

Wu C C, Du B W, Luo W, et al. 2018 Adv. Opt. Mater. 6
1800811


https://doi.org/10.1038/s41578-023-00583-9
https://doi.org/10.1038/s41578-023-00583-9
https://doi.org/10.1038/s41578-023-00583-9
https://doi.org/10.1038/s41578-023-00583-9
https://doi.org/10.1038/s41578-023-00583-9
https://doi.org/10.1038/s41578-023-00583-9
https://doi.org/10.1038/s41578-023-00583-9
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1016/j.progsolidstchem.2020.100286
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1002/pssa.202200018
https://doi.org/10.1039/C9CS00848A
https://doi.org/10.1039/C9CS00848A
https://doi.org/10.1039/C9CS00848A
https://doi.org/10.1039/C9CS00848A
https://doi.org/10.1039/C9CS00848A
https://doi.org/10.1039/C9CS00848A
https://doi.org/10.1039/C9CS00848A
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.1002/adfm.202214339
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.7498/aps.69.20200591
https://doi.org/10.1002/adma.202000597
https://doi.org/10.1002/adma.202000597
https://doi.org/10.1002/adma.202000597
https://doi.org/10.1002/adma.202000597
https://doi.org/10.1002/adma.202000597
https://doi.org/10.1002/adma.202000597
https://doi.org/10.1002/adma.202000597
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.1016/j.rser.2023.113649
https://doi.org/10.3390/mi13081318
https://doi.org/10.3390/mi13081318
https://doi.org/10.3390/mi13081318
https://doi.org/10.3390/mi13081318
https://doi.org/10.3390/mi13081318
https://doi.org/10.3390/mi13081318
https://doi.org/10.1021/acs.chemrev.8b00644
https://doi.org/10.1021/acs.chemrev.8b00644
https://doi.org/10.1021/acs.chemrev.8b00644
https://doi.org/10.1021/acs.chemrev.8b00644
https://doi.org/10.1021/acs.chemrev.8b00644
https://doi.org/10.1021/acs.chemrev.8b00644
https://doi.org/10.1039/D2NR05800F
https://doi.org/10.1039/D2NR05800F
https://doi.org/10.1039/D2NR05800F
https://doi.org/10.1039/D2NR05800F
https://doi.org/10.1039/D2NR05800F
https://doi.org/10.1039/D2NR05800F
https://doi.org/10.1039/D2NR05800F
https://doi.org/10.1021/acsami.3c06098
https://doi.org/10.1021/acsami.3c06098
https://doi.org/10.1021/acsami.3c06098
https://doi.org/10.1021/acsami.3c06098
https://doi.org/10.1021/acsami.3c06098
https://doi.org/10.1021/acsami.3c06098
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.7498/aps.70.20201678
https://doi.org/10.1002/adma.202204380
https://doi.org/10.1002/adma.202204380
https://doi.org/10.1002/adma.202204380
https://doi.org/10.1002/adma.202204380
https://doi.org/10.1002/adma.202204380
https://doi.org/10.1002/adma.202204380
https://doi.org/10.1002/adma.202204380
https://doi.org/10.1002/advs.202203889
https://doi.org/10.1002/advs.202203889
https://doi.org/10.1002/advs.202203889
https://doi.org/10.1002/advs.202203889
https://doi.org/10.1002/advs.202203889
https://doi.org/10.1002/advs.202203889
https://doi.org/10.1002/cnma.201800645
https://doi.org/10.1002/cnma.201800645
https://doi.org/10.1002/cnma.201800645
https://doi.org/10.1002/cnma.201800645
https://doi.org/10.1002/cnma.201800645
https://doi.org/10.1002/cnma.201800645
https://doi.org/10.1002/cnma.201800645
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1021/acsenergylett.0c00577
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1039/D1CP04976C
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.seta.2022.102433
https://doi.org/10.1016/j.mtcomm.2023.106751
https://doi.org/10.1016/j.mtcomm.2023.106751
https://doi.org/10.1016/j.mtcomm.2023.106751
https://doi.org/10.1016/j.mtcomm.2023.106751
https://doi.org/10.1016/j.mtcomm.2023.106751
https://doi.org/10.1016/j.mtcomm.2023.106751
https://doi.org/10.1016/j.mtcomm.2023.106751
https://doi.org/10.1002/solr.202200932
https://doi.org/10.1002/solr.202200932
https://doi.org/10.1002/solr.202200932
https://doi.org/10.1002/solr.202200932
https://doi.org/10.1002/solr.202200932
https://doi.org/10.1002/solr.202200932
https://doi.org/10.1002/solr.202200932
https://doi.org/10.1002/adom.202202153
https://doi.org/10.1002/adom.202202153
https://doi.org/10.1002/adom.202202153
https://doi.org/10.1002/adom.202202153
https://doi.org/10.1002/adom.202202153
https://doi.org/10.1002/adom.202202153
https://doi.org/10.1002/adom.202202153
https://doi.org/10.1016/j.heliyon.2022.e11380
https://doi.org/10.1016/j.heliyon.2022.e11380
https://doi.org/10.1016/j.heliyon.2022.e11380
https://doi.org/10.1016/j.heliyon.2022.e11380
https://doi.org/10.1016/j.heliyon.2022.e11380
https://doi.org/10.1016/j.heliyon.2022.e11380
https://doi.org/10.1016/j.heliyon.2022.e11380
https://doi.org/10.1016/j.jallcom.2023.171372
https://doi.org/10.1016/j.jallcom.2023.171372
https://doi.org/10.1016/j.jallcom.2023.171372
https://doi.org/10.1016/j.jallcom.2023.171372
https://doi.org/10.1016/j.jallcom.2023.171372
https://doi.org/10.1016/j.jallcom.2023.171372
https://doi.org/10.1016/j.jallcom.2023.171372
https://doi.org/10.1021/acssuschemeng.8b06580
https://doi.org/10.1021/acssuschemeng.8b06580
https://doi.org/10.1021/acssuschemeng.8b06580
https://doi.org/10.1021/acssuschemeng.8b06580
https://doi.org/10.1021/acssuschemeng.8b06580
https://doi.org/10.1021/acssuschemeng.8b06580
https://doi.org/10.1021/acssuschemeng.8b06580
https://doi.org/10.1016/j.jmst.2020.10.028
https://doi.org/10.1016/j.jmst.2020.10.028
https://doi.org/10.1016/j.jmst.2020.10.028
https://doi.org/10.1016/j.jmst.2020.10.028
https://doi.org/10.1016/j.jmst.2020.10.028
https://doi.org/10.1016/j.jmst.2020.10.028
https://doi.org/10.1021/acsaem.1c04085
https://doi.org/10.1021/acsaem.1c04085
https://doi.org/10.1021/acsaem.1c04085
https://doi.org/10.1021/acsaem.1c04085
https://doi.org/10.1021/acsaem.1c04085
https://doi.org/10.1021/acsaem.1c04085
https://doi.org/10.1021/acsaem.1c04085
https://doi.org/10.1039/D2TC02911A
https://doi.org/10.1039/D2TC02911A
https://doi.org/10.1039/D2TC02911A
https://doi.org/10.1039/D2TC02911A
https://doi.org/10.1039/D2TC02911A
https://doi.org/10.1039/D2TC02911A
https://doi.org/10.1039/D2TC02911A
https://doi.org/10.1039/D0CS01488E
https://doi.org/10.1039/D0CS01488E
https://doi.org/10.1039/D0CS01488E
https://doi.org/10.1039/D0CS01488E
https://doi.org/10.1039/D0CS01488E
https://doi.org/10.1039/D0CS01488E
https://doi.org/10.1039/D0CS01488E
https://doi.org/10.1021/acsami.1c07169
https://doi.org/10.1021/acsami.1c07169
https://doi.org/10.1021/acsami.1c07169
https://doi.org/10.1021/acsami.1c07169
https://doi.org/10.1021/acsami.1c07169
https://doi.org/10.1021/acsami.1c07169
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/acsami.3c05221
https://doi.org/10.1021/jacs.5b13294
https://doi.org/10.1021/jacs.5b13294
https://doi.org/10.1021/jacs.5b13294
https://doi.org/10.1021/jacs.5b13294
https://doi.org/10.1021/jacs.5b13294
https://doi.org/10.1021/jacs.5b13294
https://doi.org/10.1021/acsami.0c03150
https://doi.org/10.1021/acsami.0c03150
https://doi.org/10.1021/acsami.0c03150
https://doi.org/10.1021/acsami.0c03150
https://doi.org/10.1021/acsami.0c03150
https://doi.org/10.1021/acsami.0c03150
https://doi.org/10.1021/acsami.0c03150
https://doi.org/10.1002/smll.202102694
https://doi.org/10.1002/smll.202102694
https://doi.org/10.1002/smll.202102694
https://doi.org/10.1002/smll.202102694
https://doi.org/10.1002/smll.202102694
https://doi.org/10.1002/smll.202102694
https://doi.org/10.1002/smll.202102694
https://doi.org/10.1007/s12274-021-3566-x
https://doi.org/10.1007/s12274-021-3566-x
https://doi.org/10.1007/s12274-021-3566-x
https://doi.org/10.1007/s12274-021-3566-x
https://doi.org/10.1007/s12274-021-3566-x
https://doi.org/10.1007/s12274-021-3566-x
https://doi.org/10.1016/j.jcis.2023.07.194
https://doi.org/10.1016/j.jcis.2023.07.194
https://doi.org/10.1016/j.jcis.2023.07.194
https://doi.org/10.1016/j.jcis.2023.07.194
https://doi.org/10.1016/j.jcis.2023.07.194
https://doi.org/10.1016/j.jcis.2023.07.194
https://doi.org/10.1016/j.jcis.2023.07.194
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1038/s41467-021-27609-6
https://doi.org/10.1038/s41467-021-27609-6
https://doi.org/10.1038/s41467-021-27609-6
https://doi.org/10.1038/s41467-021-27609-6
https://doi.org/10.1038/s41467-021-27609-6
https://doi.org/10.1038/s41467-021-27609-6
https://doi.org/10.1038/s41467-021-27609-6
https://doi.org/10.1021/acs.nanolett.9b00238
https://doi.org/10.1021/acs.nanolett.9b00238
https://doi.org/10.1021/acs.nanolett.9b00238
https://doi.org/10.1021/acs.nanolett.9b00238
https://doi.org/10.1021/acs.nanolett.9b00238
https://doi.org/10.1021/acs.nanolett.9b00238
https://doi.org/10.1021/acs.nanolett.9b00238
https://doi.org/10.1088/0953-8984/24/40/405501
https://doi.org/10.1088/0953-8984/24/40/405501
https://doi.org/10.1088/0953-8984/24/40/405501
https://doi.org/10.1088/0953-8984/24/40/405501
https://doi.org/10.1088/0953-8984/24/40/405501
https://doi.org/10.1088/0953-8984/24/40/405501
https://doi.org/10.1088/0953-8984/24/40/405501
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1149/2162-8777/ac14dc
https://doi.org/10.1016/j.ijleo.2021.166934
https://doi.org/10.1016/j.ijleo.2021.166934
https://doi.org/10.1016/j.ijleo.2021.166934
https://doi.org/10.1016/j.ijleo.2021.166934
https://doi.org/10.1016/j.ijleo.2021.166934
https://doi.org/10.1016/j.ijleo.2021.166934
https://doi.org/10.1016/j.ijleo.2021.166934
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.167329
https://doi.org/10.1016/j.jallcom.2022.164245
https://doi.org/10.1016/j.jallcom.2022.164245
https://doi.org/10.1016/j.jallcom.2022.164245
https://doi.org/10.1016/j.jallcom.2022.164245
https://doi.org/10.1016/j.jallcom.2022.164245
https://doi.org/10.1016/j.jallcom.2022.164245
https://doi.org/10.1016/j.jallcom.2022.164245
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.7498/aps.71.20212143
https://doi.org/10.1063/1.5116088
https://doi.org/10.1063/1.5116088
https://doi.org/10.1063/1.5116088
https://doi.org/10.1063/1.5116088
https://doi.org/10.1063/1.5116088
https://doi.org/10.1063/1.5116088
https://doi.org/10.1063/1.5116088
https://doi.org/10.1039/C9TC04780H
https://doi.org/10.1039/C9TC04780H
https://doi.org/10.1039/C9TC04780H
https://doi.org/10.1039/C9TC04780H
https://doi.org/10.1039/C9TC04780H
https://doi.org/10.1039/C9TC04780H
https://doi.org/10.1039/C9TC04780H
https://doi.org/10.1002/adom.201800811
https://doi.org/10.1002/adom.201800811
https://doi.org/10.1002/adom.201800811
https://doi.org/10.1002/adom.201800811
https://doi.org/10.1002/adom.201800811
https://doi.org/10.1002/adom.201800811
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No.7 (2024) 078502

Multi-band response Cs,AgBiBrg double perovskite
photodetector based on TiO, nanopillars”

Sun Tang-You Yu Yan-Li  Qin Zu-Bin  Chen Zan-Huif
Chen Jun-Li  Jiang Yue  Zhang Fa-Bi!

(Guangzi Key Laboratory of Precision Navigation Technology and Application,
Guilin University of Electronic Technology, Guilin 541004, China)

( Received 6 December 2023; revised manuscript received 30 December 2023 )

Abstract

Photodetectors are widely used in the fields of environmental monitoring, medical analysis, security
surveillance, optical communication and biosensing due to their high responsiveness, fast response time, low
power consumption, good stability and low processing cost. Fully inorganic lead-free perovskite material
(CsyAgBiBrg) has received a lot of attention in recent years in the research of photodetector applications due to
its advantages of long carrier lifetime, high stability, moderate forbidden bandwidth, and environmental
friendliness. For perovskite photodetectors, the semiconductor nanopillar array structure can effectively reduce
the reflection loss of light from the surface to improve the absorption of incident light in the device and inhibit
the exciton complexes in the device, and the good energy level matching between TiO, and Cs,AgBiBrg can
effectively promote the transport and extraction of carriers in the device. However, there are few reports on the
use of TiO, nanopillar arrays as a transport layer to improve the performance of CsyAgBiBrg photodetectors. In
this work, high-quality Cs,AgBiBrg thin films with large grain size, no visible pinholes, and good uniform
coverage are successfully prepared by a low-pressure-assisted spin-coating method under ambient conditions.
Hydrothermally grown TiO, nanopillar arrays are embedded into the Cs,AgBiBrg layer to form a close core-
shell structure, increasing the physical contact area between the two to ensure more effective electron injection
and charge separation, and to improve the carrier transport efficiency in the device. Multi-band responsive
CsyAgBiBrg double perovskite photodetectors based on TiO, nanopillars are excited at multiple wavelengths of
365 nm and 405 nm with high light response and good stability and reproducibility, resulting in average
switching ratios of 522 and 2090, respectively. When the light source is excited at 365 nm and 405 nm with a
light intensity of 0.056 W/cm?, the responsivity is 0.019 A/W and 0.057 A/W, respectively, and the specific
detectivity is 1.9 x 10! Jones and 5.6 x 10'° Jones, respectively. Comparing with the Cs,AgBiBrg; perovskite
photodetector based on a planar TiO, electron transport layer, the average switching ratios are improved by a
factor of 65 and 110, the responsivities are improved by 35% and 256%, and the specific detectivity are
improved by a factor of 6.9 and 25, respectively. In this work, the photoelectric performance of Csy,AgBiBrg
photodetector is improved by using TiO, nanopillars as an electron transport layer. It provides a reference

solution for developing high-performance Cs,AgBiBrg perovskite photodetectors in future.

Keywords: CsyAgBiBrg, photodetector, TiO, nanopillars, multi band response
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