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Abstract

Abstract

Due to the advantages of direct bandgap, wide spectrum absorption, low excition
binding energy, high carrier mobility, long carrier diffusion distance and double
pole transmission, perovskite is thought to be the most promising source for the
next generation of solar cells. During the past years, the power conversion
efficiency of perovskite solar cells has increased from 3.8% to 22.1%, and it is
expected to break through 23% to achieve the conversion efficiency of inorganic
silicon cells. In addition to perovskite solar cells, perovskite photodetectors have
received extensive attention from researchers in recent years.

This thesis focused on the structure design and properties of perovskite

photodetectors, deeply analyzed the reasons of affecting the performance of

perovskite detectors, proposed optimization and improvement plan, finally,

prepared a series of perovskite photodetectors with excellent detection

performance. The thesis has been working on the following details:

1. By selecting the electron transport layer and adjusting the thickness of the
transmission layer, the photovoltaic type perovskite detectors ‘with excellent
detection performance were obtained. For the optimized devices, dark current

density was less than 10® A/em? at -0.1 V, the external quantum efficiency was

over 86%, the spectral response was over 0.4 A /W, and the normalized
detectivity was close to 10" Jones. Then by using hole blocking layer Ceo

instead of PEDOT, we prepared the gain (photoconductive) perovskite detector

with the external quantum efficiency more than 8000% and the peak spectral
responsivity of the detectors was close to 40 A/W, far more than common
photovoltaic perovskite photodetectors.

2. Sn was used to replace some Pb, and by optirhizing the content of Sn in
perovskite layer, we obtained high performance and wide spectrum response
perovskite detectors. It was further proved that 30% Sn had a better effect on

broadening the spectral response of perovskite devices (to 1000 nm). After that,

we added rhodamine B into perovskite, because this material had excellent
green light absorption ability and it had a damage effect on the crystal structure
of perovskite, red light perovskite photodetectors was fabricated in the end. The

perovskite mixed with dye only responded to red light, and the half peak was



Abstract

about 100 nm. In this range, the external quantum efficiency was about 10%,
the spectral response was about 0.04 A/W, the normalized detectivity is about
4%10"! Jones and at -0.1 V the dark current density was about 2.5x 10® Alem’,
3. The perovskite photovoltaic device was prepared by PC71BM as the
transmission layer. The conclusion is as follows: perovskite increased external
quantum efficiency in the visible light part of the polymer detector, while dark
current density of the device dropped about one order of magnitude; which
improved the detectivity of the device. Finally, the normalized detectivity and
LDR reached 3x1013 Jones and 112 dB,  respectively.

Key words: perovskite detectors; gain, wide spectrum; narrow band;

perovskite/polymer integrated detectors
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Photovoltaic Devices,OPV)!'' (& Yl # & & 45 & (Organic Thin Film
Transistors, OTFT)!*30, G HLEESE (Organic Laser)? > Ll A HLG R TI 45
(Organic Photodetectors,OPV)P* Y, XYL A M= SAMEL R ET & ) B2 A BT
B, MERESHAEN SRR TSR N E U SR EE.
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Figure 1.1 The power conversion efficiency curve of perovskite solar cells in

recent years[5 2]
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a) Bilayer heterojunction

b) Bulk heterojunction
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Figure 1.2 Schematic diagram of organic photodetector: Bilayer heterojunction and Bulk
heterojunction
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TREBTHE, BTEETFHRAEEPRESE, ZREZACHEZER K
s, BT EMNBITUES, LB RNERLRS NN SE: AR

BT . BTYEBIS AL, AR, BT SRR, R

3



HHUTAIALSS T B RIS 0 24 R AN TR BT

TR, TR AR E SRR B R BRI, AR AT
EELWNET. BT oI REE R R R ER RS, RESHETH
g4, BREBNERNERGEILERERERRTHE, BREARE
B E R E D 0.3 oV. B A S EN ERER BN R TRE IR R2Y
B, RRSHEREY ARBEEREE, RERRTHRAMES.

124 BHABRNENEETFNSH

1.2.4.1 4pEFHZE (External quantum efficiency)
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Figure 1.4 Diagram of EQE, where a) is EQE of the photovoltaic detectors, it is usually less
than 100%:b) is EQE of the gain detectors, it is usually more than 100%

12.42 WEFIE (Internal quantum efficiency)
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STFHMAE. 5 BQE AR, IQE RBKIEEZHFRUCE T RANETH
REJ7.

1.2.4.3 BEHR (Dark current)
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Figure 1.5 Dark current density vs voltage based on four kinds of devices
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Figure 1.6 Schematic diagram of responsivity of gain detectors (more than 1 A/W)
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Figure 1.7 At different voltages detectivity vs wavelength of photodetectors
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Figure 1.18 The schematic diagram of Al,O; instead of TiO; as mesoporous layer™
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Figure 1.19 The power conversion efficiency of perovskite solar cells by TiO, mixed Y¥
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Figure 1.20 The power conversion efficiency of perovskite solar cells by molecular exchange™
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Figure 1.24 PLQY of films measured at different times after storing in air with relative

humidity of ~70%*

., B—FEARMANN, ST EE ez, RRETHHY H
SN PR (SR ). FIREE B R VLA B T R & 5580 4%
RIS R EEN—F R, 2015 4E, Yantara 5 APTRIFHTEHL Cs B
CH:NH; SEHL T & THUSERT &b . 8 ik, miE 124, K
HEREESSY, EARRNTEEREZH. M TENERRGET
IRAARAT— T R R BT SRR, BRI ROLRR IR,
FRITAEERZ R ETEERRIEREENERN, ARESEREE.
2015 42, Cho & APSHE B FT 45 4R A IRAAR (G LU B SE 3L T = AR 45 4K
B R, T ATIRR LI B IR N T ARIBRE R, KRR E A
ERVERE, ZFFA RIS MABr 5 PoBr, HIELFIA 1:1.05 BT 284 (4 RB IR AR,
XEHEAR 11 MEARERR. EEilh, L858y EEYSEESZK Pb
SR T EK A4, X ATRER KA PbBr, Hifl T 85 5kF R E =4 HI5K
2016 4E, Shi % APSFF PEDOT/CH;NH;PbBrs/ZnO H = B4 4514 R FE 52
TR R, RS TIER, (FERGNR T BT &K, RIE
T AR Bt (8 % . TESMINIE R R ERT, 23MRIM T BRI RH -

19



B HUTH A TR B BRI S8 () A BT R BRI 5T

MATE B TAEE TR T SN 80 R g R m, R
TAEART RS FBUR G EO R KR T 28 0 10 AR PR ST BRI 322
BARMST R MEEE B ATAE TERE ARG, BREEMRE, B
PFRRIRBIRN, S0 RGP — DR, S8 SRR s
AW

1.4.4 $5EKEHK

B T B M4BT OLED 344 LISk, BFA AR BHEGET B THOLE
O, 2014 4F, Sum 2N ERERBESEE BA WREF AT R8T, fbA)
B3 65 nm ERASHD RS T ARER L, 5L 600 nm,150 fs A
| KHz KWk e BB SRR, 45 R DUBEE Mo s B i3, 5460 ROt A
WHRE . MR RIS AT MR R T BUER Z AT MR KR EET
SEEKT VAR Y BB B B A . ERR NS RN SR R ES A=
YERILR PbXe B BTN R E BASEAT RAE TR, TR AETLHM
o 72 8 5 £ [ BT 5E ELE RTVA RO D IARAE, ASARTT X BRI N A SR B
Fea &R 4 T ARIE. ##ﬁL

o~ b\ 2 pad o2
o’ M. 11 328 T
7 S FOF pd o F
o “oo 3.2 a3 e ?

s L 1
T o0 B
waveberngth {rmd

Figure 1.25 65 20K B AR B RS L BUOLE E

PLinlensty )
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Figure 1.27 Dark current density vs voltages; detectivity vs wavelength at different voltages”
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Figure 1.30 a) Device structure, b)gain vs wavelength at different vol’cagesm5
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Figure 1.31 Narrow band gain detectors based on single crystal perovskite: a) EQE vs
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ShEE. & BEHUSAHSNEEA L R AR S

E A 2009 SEABERE 1 B KR T AR LK, 858k e AR R T
Pumm R R, DUSET KR A it o, TR/ ] IR R T
Z M 3.8%IREEIT 22.1%, RIH TERWBMAE . FLL, FHHYEHE
EAEARENE, SATEENREREEEN. ECNE, REOE+
JLFb & RAS R B R k. b, SRR AR IS ATE 2013 SF£F
ERFT JACS LIy, R ITIEAEF 8 BB IER-& BT IR, TR
e — B R, BAME EH—ERFERLAR, B mRE AR
INEE . KR ET IhHIE & RS SKH BRI IR AR 2 T, A [ -
Z A R R, % AR AR . BB RER] 12.2%.

BAh, BFHSTE 2014 SEE RIBASHA WIRRN A T RIS, 1R
s2pbrh, PEN {ENREMERER TFARESEHRCE. FEEKZ, PFN
EXERD THRSENMCER, BRE—AIMn IR I I
FHEN, XERERONETRRETFESUABSHRAEE, REAFHTR
MZEHEEE 10" Jones. Wik ZE] 3 MHz KOG REIRIIZS . BAt, Paul S5 AL
B B F AR R B R k18 B T AR A B o BB L FLAR
Y

BATEE S| & WS B RIRME, M FAGAY B2 ERFARF
e, A ERESAT B G868 R R = M5 B f 28 . R,
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FEBATT TAE P SR PR SAR S B TR S AT AR . SRS AR 2,
KA 45 £ T L T 1 TiO, AT, T THO, B & R 2 500 LA BRI
. AT PEDOT #EE Bk TiO,, XHBA T SR, M HERIERE
FEHHE

FEX 2, AT S61E PEDOT HfJ&_HFI Al AR S BhBURRIE S & T 955K
FUVRE, 83T XRD K& SEM St FB, RIE T AMMER, BID6R B
MR RIE, H—H U0 T RO R SRy IR s E. AR
A e R A TORRED IR, BN RTERENEERSE T
EQE #it 85%. MEEmHEET 10° Alem®. JefmaRi LS| 045 A/W. H
— AR ZEEEIE 10" Jones (% FERVIES, e ELGHIHCHRIIER A HF 58 FORE A DR 3%
BT T A

BEAN, BAVEEIE T HEHE 2R BRI 88, FIFIHE PEDOT #epl s /RIS
2 Coo MITMNESTHL T HAE 2 CINRER, BRMMEREIET KRENRTIEN, £
T 8000%LA Efmtg At B .

2.2 KIGEBSY
2.2.1 SLEG PR MR
B P B/ITOCEAL SIS EL S, o ITO Mt T REBE N 10 Q/o,  BE
%139 170 nm, WIER C2uZMATE 4 mm, K 30 mm MR ZRERZE
(PR A% 2 17 B ) poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)
(PEDOT:PSS)%E! &y Clevios PVP AI 4083,/ | H.C.Starck GmbH; {53 (PbL,)
WIE Sigma-Aldrich Af]; SLRFTAEH NN-ZFEFER (DMF) KFRE

Ceo
B 2.1 LI MBI Ceo MR 74514

Figure 2.1 The molecular structure of Ceo in the experiment

£l Sigma-Aldrich A &; B8 (Ceo) HILATEH[6,6]-phenyl-C61-butyric acid
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methyl ester (PC61BM)JY H F E &5 HLIX £ Lumtec A5 ; FrE L HIH RS
FiggighE, WEEEBEMH, WO TEWME 2.1 BR.

R (CHNH;D HI&REES% X Li[l]S AN TE, HEAPRD
F: 24ml B (33 wi%Z.BE, Sigma-Aldrich) 5 10 ml LS (57 wt%
7K, Aladdin) F£E, HEPMA 100 ml 28, FZSBEESFIEREGEBRETIK
KIBEDH (0°C) HEHEF/ME . FIEEHRET 50 °C ke, RAREER
RiMNEBERIER, BTRY, E4E=R AERLBHE=K. BFE
BRI R RLE 60 °C HIZAF T EZ LR

222 FHFIEIE

BN IRAFRIH &L AR AT B4 ITO BRAGETE S, BEREMNES5TE
HRHIR&, BTERESHR A ERES, UTRENESNPR (ER
HR e T BN ERERNREED.

22.2.11TO ERRIFERSAIE

ITO 2 B i B YLk 3 CENLRIGE M. AVURPHIBESRIE. AV
RE) BEHMMERME, EAFRFIOLESHNSENESR, E3HI]
PR b SRS, T ITO 5 PEDOT E#Hhl, FrlAXf ITO K1
R ER R+ E BER. GELREFKMG, 1TO EERFRNEGSENT: #
ITO B KE T . Wl RAE. 2B T/KPEEBR, BFARHETER
RIRT, B TFIRAE 120 °C FIREFE TR 20 48, BREFIEINREL
HKE ITO Rifd. LI RELIERT W LILE 1TO REKNRENE, 7 ITO
FEWREW 24, BATLRR ITO RE M IRECE FI T2 /XHIRK. St
TFi) 1ITO BB E WA 2.2 fis.

B 2.2 6% 1TO B r~EHE

Figure 2.2 Schematic diagram of Photoetched ITO
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2222 FAREHRSEEEAEE

FRAR 22 = B ) 4%«

Mtk 22 Z (PEDOT: PSS) HITFR/AKMAM, BrlIAIES P BT
¥, PRI R TR MR TSR BREHRE, BIRRFREIR
BTG k120 °C 43 20 HENERANTFERT.

R R B 4% -

Fi B 7R EFR & 400 mg Pbl,, %#T 1 ml DMF #5)d, EFEMTIN
WP 2 N/NET, IR & £ OS8R PEDOT [ ITO #4152
#EY 100 pl PbL/DMF AR £, ARl L 3000 rpm/min F)#FEH
e 60 s, BEIREF Pbl, FIEEEE] 70 °C M E LM 10 min PAEHR
ERBEFERRE. B TR SR EEN DR, BT R R
A1 THE7E Pol, FERE AR, S ERINAE] 150 °C, KL 4 AN Pbl AT LA
EANHFEART R, BERANEEHEBEEETNET.

2223 HRBESRREEIE

SEIG o PCBM &5 2 K A FER 1M, & 30 mg PCBM #/# T 1 ml H
FEAh, EFERTMARE R, SWEEMH; FOfl&Fisey 1 ITo
LRV 5 FARS MM EL 100 pl PCBM WU INEIER £, FERERMLLELL 800
rpm/min FIFEIE BRI 40s, HEiRiF PCBM MR EH R B 100 °C k& Bk
10 min UAMESIE FRBFIER R E. Co5BRIIRAZRERINE, Bl&FH
I ITO BIEA N E B EASREMNEF, HASE/NT 5x107 Pa, FF
IR7RAE . Coo 5 Al LRI ZRIREHRm, BT & &R A THEBT R,
Coo IZRAE R EEHIE 0.05 nm/s, T Al AR AR PR IEHI7E 0.3 n/s. T8
BEALE, EERNEASEXRE, STIERANZEZRET NG, H#E
Mz

2.2.2.4 BHHRIE

FRIANE TR

WATREE CEEBEREN BN ETRRHITIR, ZREEE
AFESCIE, FAMRIRIG BORBRUKEINIE CRERNRHEFE.
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EAMRIEAR I T TSI LE MR/, TR B WD IR A
HER, HEARUE Si RIS e AL, FTAFIRERAE, XTARAE SiERIIARE
EQE BHT—WKiIH, CFARMELRM I s ina R, FEEUF SR RTE L b
O, A 5NRRFRAERI SRR R SR AT — I, ERSBH R
WAL, S S R RIS 2 AT AR EQE. |

ERBERERRIN T : BATEF I AR Si SRR H EQE £1E e HIEE
(Hetm EQEy), #uE Si U2 % itk iy B ma BLA To,  Fr 281 D R A L
AT NWFFEMNER EQE T

EQE=EQE_ « L (2.1
I

BABAVG RN EHEXFRE Si FNFRITENRE, BRESL bR
Si TR E () BB B L AR

BRI R«

Wﬁ%%ﬁ%&%f%@%@ﬁﬂmmmﬂ%ﬁﬁu&ﬁmEa%%%
RUEREFS., EXERERER, SR BEERIELXRE (EXER
VB RAE e ARG, XBE, BRATFIA Keithley 236 JRFRITAF 0
EMEERENREF LERE B, BRRMNENE RSB,

PR RS I BL R -

FNROBRSHEEREENHRURSE, CEEABEHATE:
W REFHE 5 o FRAVINT A B A v SO 3 47 WU e A T] oo B2 E s P BA, - RN
H SR AR AT L@ I X B (8] 3T B AR B 2.

AR R T

o LR Keithley 236 ¥R 5| MBI £, FEIXEIXFZSL EZMN
FEASUHRRA T RNEE, BHMRER, 5lHSRERTSREH
JHK 23 (DHPCA-100, Femto ) JBUK & &R T-7 529 500 MHz 7R 4% (54825A,
Agilent) . ZFRkCRES AR, RERRE BRI R, 58
R SRAIR S KRR TR, TR LS RIBRA TR E K (B IR

HARPR

BF S BB AFMY A B E R G (SEM) /X HEATHEGR (XRD) #Il
BRER AL SALFTIR 0TI . B R /) BB E S )9 SPI3800-SPA-400,
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IR LA BT B RS AR T SRR SR XL-30, TR A7 K TR
R BEAT; D8 ISy SU3500, T AR AN S 4T . IR B R EE Veeco
AT A2 Dektak 6M #E47 845 o

2.3 EWHERSNL
SR H TR E 2.3

B 2.3 LRt ErEE

Figure 2.3 Schematic Diagram of the experiment process

7E BIRSLIRERE T, AR K &S R AL IR T AT R . ARAT
B, ASERT MR EX T R A S B REAFERROEE. ATHR
ERENSHETZ, BRIOEERMNT SHELSRY HEKR AR . Z&E,
BATK 67 EA AT AT RAE, W 24 Fis. @i SEM BRK
FOE, RATTUER, B Pol, B REMNAHIL, AHAEETREEFLEA
PbL 1, 35 Pol, B4R HERIRK/NETRT, i@ SEM EWLUEH,
RBHRAEATRAE, SRS 544K Pl 3LRFFAE, XRD EW A7)
B RS, 2R NRHT R AN R, RN A3 T4, SEM B
RELHEF4ER Pbl, DA %RE, EE EARRICRGAT, XRD ERFER U+
SRR K, BITX—4ERS Chen et al FANERBE—EL.
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Infersily Gri)
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n 2 k. 30 Lo 14

2Thetn (degree)
& 2.4 1B O FREG AR R SEM 5 XRD /R EE: (a) KIBAK SEM, (b) iBX
FNEH SEM, (¢) JBAPU/NETERT SEM, (d) AFIR KA EH) XRD &
Figure 2.4 SEM and XRD of perovskite thin films at annealed process:(a) SEM of

unannealed perovskite, (b) SEM of annealed (for 0.5 h) perovskite, (c) SEM of annealed (for
4 h) perovskite, (d) XRD of perovskite thin films at different annealed time

BRAANFERNR, ATAEXFER T B AR LURE AT RBL?
b, BAVEHTHRFATRENREE: F—FR, BIERBUE AT S F R
Ak, RIE R IEBSA S BULA BER R B BUESERT E MR, FRBE
AR AP RAE S, RERFRE. 55 BSR4 SESERY .
Al e B AP RS AR R T R T

(1) CH;NH;I (s) — CH;NH:I (g)
CH;NH;I (g) + Pbl, — CH;NH;PbI; (g)
(2) CH;NH;I (s) — CHsl (g) + NH; (g)

CH:I (g) + NH3 (g) + Pbl, (g) — CH3NH3Pbl; (s)
Tl Wb fe B BGE HA AT BE S BL, TEASSEIG - %F PEDOT: PSS #f

BT SRR IRARE DRI R & TSR EE. & T LRHEHE5E8Y
I, RATEE T —RIGBET R B BRI B, HAPRATLL Coo TEA R
TR, BAEREMMERINE 2.5 Fim.

XSRS B Voc=0.79—0.84 V, 58 B LI Jsc=16.5—19.1 mA/cm’,
ISR T FF=0.53—0.62, AR FHIBERHIE PCE=7.4—9.9 %, &K

35



BHULH AT B BRI 28 1O S5 M R AP RERT T

B 2.5 BN (), SMHBIEEE (b)

Figure 2.5 Device structure(a), energy level diagram of experimental materials (b)
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Figure 2.6 The red curve presents a forward scan and the dark curve presents a reverse scan

BAEMEN 9.9% (W 2.6), FIHIRIPELN 8.7%, I HWRBFARE
FEFD, —ANEPZE, MEJLFAEL (A 27, RIHBEFHREE
(£

5 B I ETF PEDOT: PSS EEMSET BURMHEEEEAELL, AT
XEMRERFAES, XM EMNNIEEHEEETERE, FLh, 545K
B S T A S SR M R A R KR, BEEIAASE NN, Ceo AT
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Figure 2.7 PCE vs time in the glove box (red curve) , PCE vs time in the air (dark curve)
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Figure 2.8 The red curve presents a forward scan and the dark curve presents a reverse scan

PCBM REEFHIBALESET . 2Tk, BRATBAFPH Co B9 PCBM,
#14 7 ITO/PEDOT:PSS/CH;NH;Pbly/PCBM/AI #348, X — R 5| B HHIE %
BRILET 10.9%, BIFHIRERN 12.2% (WnE 2.8), RHE, LA PCBM 1
AR E SR B E L Co fENERMBE MR RRIF RS . 8T, B
HIMESS AT B s B T IR BRI 1) B 2 — B R AR AR 1, TIIRAIIESS
SR P SRABUR IR 28 )5 TR R R [E 1R, XX B AR e I E SR E R,
FrUASRATELE: T W R/ S e tE, Wi 2.9,
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Figure 2.9 The red curve presents PCE vs time for PCBM-device and the dark curve presents

PCE vs time for Cgo-device

AR, Coo BB {2 — A/ LUR AR A I L ZL L PCBM BU 25T 4f
R%. FroATEEE T RMSEBITRED, % Co MEABRMBEHRTERZ . 3
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Figure 2.10 The optimized EQE and integrated current curves based on the

devices of Cgg transport layer
7£ PN &K FHAS I, Voo BT LUE FHEIRITIAETHH -

EHOME _ ELUMO
(= R ]V .
ME 2.5 (b) BB B, BATATLATHE Voc 41 V. XE5EAIKRHE 0.84
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Figure 2.11 Simulated result of Rs, -dV/dJvs (Jse-J)”

XE, J RS/ EBRER, J RARABMER, v ASMmak,
A NEBET, Kz NEREBER, T AESRE. RINFATETLEE]
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A ERE 345 Qem?, W 2.11. S ANIFERR, Voo KEERILFHM
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Figure 2.12 Simulated result of Voc, In (Jsc-J) vs V+RsJ

Device A—ITO/PEDOT/CH3;NH;PbIs/Ceo(0 nm)/Al;

Device B—ITO/PEDOT/CH;NH;Pbl3/Ceo(20 nm)/Al;
Device C—ITO/PEDOT/CH;NH;PblI3/Ceo(50 nm)/Al;
Device D—ITO/PEDOT/CH;NH;Pbl3/Ceo(80 nm)/Al,

e}

B 2.13 B KT/ S SR EIER AR T B
Figure 2.13 Atomic force microscope of perovskite thin film after annealing for four hours

B Co WEEARS, HMMELEWTEMA. /4 A BEBRTEHE,
TAENS L, 24 B B 20 nm A Ceo BUERIZE, 2344 C F 50 nm f Ceo
WAL R, 2244 D A 80 nm Y Ceo ffEHIZ. HA M B £ 20 nm K9/E
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Figure 2.14 EQE of four devices and EQE of Device A (inset)
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FriliZse Rl T RS AR RE . 844F B 19 EQE ZILBMH A BiR%, 1§
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RS A B EQE LhEV/MUEE. WAt B SRR ELIRF A MRZ,
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B ERTATEL, BXTE R A RBIMEEIEN. TUEES, FEE Co FEHN
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Figure 2.15 Dark current density of four devices at -0.1 Vand -1V
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Figure 2.16 EQE vs voltage of Device B, C and D
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Figure 2.17 Responsivity vs wavelength of Device B, C and D
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Figure 2.18 Detectivity of Device B, Cand D at-1 Vand -0.1V
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Figure 2.19 Rising and falling time of Device B, C and D at 10 ps pulsed light
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Figure 2.21 Bandwith vs voltage of Device B, C and D
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Figure 2.22 Device structure of gain devices
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Figure 2.23 Schematic diagram of gain devices
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Figure 3.10 SEM of perovskite (x=0.15,0.3,0.5,1)
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Figure 3.11 SEM and AFM of perovskite (x=0.15,0.3,0.5,1)
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Figure 3.14 Responsivity vs wavelength
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Figure 3.15 Dark current density vs voltages
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Figure 3.21 (a) AFM of perovskite thin films; (b) AFM of perovskite/RhB thin films
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Figure 3.24 (a)Responsivity of red light detectors at -0.1 V; Detectivity of red light detectors
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Figure 3.25 (a)Time response of red light detectors; (b)Bandwith of red light detectors
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Figure 4.10 Dark current density vs voltages based on device B and C
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B BRI EAR BRI, AT, RS EL TR
M X — BAASUE, Pl EEE R AR B RER e E B, st
LB AMEM A SR, XEEM AT LIE T, LDR EERGRT LRE
MEREBET, HENENEREREEHAN, RAE—NMHEXLA, T
SRR T HE LDR <. ERH/LEESRRBHEBER, RES
H LDR f94E5R, X—&, 7E844F C P54 I NS IR 7E R MR, BrRAIRAN
MR T 5 B A1824E C 19 LDR, W 4.15, #4F B ML MHE R 108 dB, 1ME
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4T BHEEN X RS YRNEE R

M C B IEEL N 112dB, B CHEHEESTHREBMEAHEFELSHT
24F C A FEIRABE BRI,

[y
<
ol

Clcbule

Photocurrent Density (mA/ent)

10° 10* 10° 10°
Optical Power Intensity (mWent)

Bl 4.15 2 B 584 C RHE, JtrRIASEEMIGERZR L%

Figure 4.15 LDR of device B and C, photocurrent density vs optical power intensity

0 SR A AR TSR I — AN BB S . BEBRT, R0
Rt [ B2 R T 8 TR S0, EH 416l TH4B 584 C
IS LI R B . X, BRI X TR AR BRI ], b R A
HL B LT EL R 10% 34 H0 B FL AT 90% 5 T ZR AR 1R) T Bt 1A o
HH HLI LR B B 90% T BB 10% 7 B AT 3XBE, TRAB R M
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% 0.044] z2 | 3 i 5-3- .
-l = = -
: : g
-g ﬁ“ s %5
s 2 3™
£ 000 £ % 3
| S LW £
Z,)
025 020 015 010 . . . .
100 1k 0k 00k IM
Tine (nw) Frequency (H)

B 4.16 a) "HRIATE]; b) TR

Figure 4.16 a) Response time; b) bandwith
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AHVTHLARALES T B LR 28 1 4 4 BT Ak AR A

B HIA9 L FHE RN 1.61 ps, T RERT (AN 1.60 ps, X —25 R LA C tR—1,
XU ST AN E IR T RIRBUEE A BT N, 5, 2834 B AU
Fbasf ¢ /h—2k, W 4.16b), 1X—45F 50 1a) 0N HT 4 R —E.
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5 4 T BUT RN R AR

4.4 INGK

AREE L PCTIBM NERZ S & A5 R34, IEBHI & RIE54K
BB . SRJE LA PDPP3T AJGEM R & iraEssff, HEHSHT I
FIRFAERS R, SRR TS L, BERASER X R A YR R RE A0,
FELERWT:

1) SIANEET RE, REWIRUBET WA HISET RN 50%L
AR T0%EH, BEERZEEM 108 Alem® FTHEE 3x10° Alem’®, JH— LR
Z% M 10" Jones R = ZI#EIT 10" Jones.

2) FINESEY BARIER TSN ETAE, EHAEE, HT
BAWE 4> PDPP3T Xt B FAE RIS

3) BINGERY G, SRHRILMEEM 108 dB A E 112 dB, BERSTIRMM
400 KHz T %% 60 KHz.
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B5 & TIELE

HSE TS

R XTFR T B HUTHLS A ERE B s SR B8 B 2 M B it 5 M RERE 7T
RNEINT T R mAS AR R S R R, IR RSO TS R, #l&
H T — RFIFN R R SR RIS . EEERSEWT:

8 — BN R 28 DA R AR BT T 4RIk BB BB R BN
BT HMB AR R FRETIET THA; B8 REERT Rlla
IR T 0 B G R N S A AL SRk i e R AT TR AT SR T EATAG ek R 5
ANFIREHENES, T T T X RE YR 2 IR .

1) #1487 45460/Coo JEERIRIIAS, RINBUEM Coo (50 BL 80 nm) JRAT LA
ST R R BUF RS E A, 224FHIIE(E EQE i 80%, B FEULE EAE-0.1
V EHAS] 1X10° AJem?, WEAE JA— AR Z BT 10" Tones. [BRAS I 8 i1 RLHl]
AR, 20 nm JE Coo BN BT 1502 (854406 RL I (R B 18 (29 3.2 ps), 80 nm
J& Coo VB B T80 2 A 23 AE 0 BLET IRI R AR (29 0.9 psd o X234 BE T AT %E 1 23
R, RO UMEETRENARES, JFERTEEUSS, RET
B A T DVt 7 — B R B AR BRI R . T 112 (4 2 RU SR 2% 5
12/ B TR AR/ PNECGR F A ZREE, 20 om 2 MUK EERE. B
20 nm B Ceo fEIL BRI K21, HAPETRRBIL 8000%, JeilkmpzE
#itk 35 A/W, JA— AL R 3.5%10" Jones, WHKLIA 1 KHz.

2)#14% T Pb-Sn — JoABERT Y6 AR 2E, K I Sn #30% KIPO SR B 4F o
RIS IS [EQEMIT 80%, Y HME BTE-0.1 VAAIE TIAR1x10° A/em?,
JA— LRI 2R 7% 10" Jones, #FHELIN100 KHz. A LB R, ZIRMEF 540
POESART BRI BSARLL, ZRMER Y6 RGBSR T 2200 nm.  FIPbZESGER
B NG Z FHEEB, Hl4&H T AWARNEE . EREREH, BALRH
FEERT 2340 RAT L6 B WM. (600~800 nm), FUEFERL19100 nm, FERMIE
BEA, SMETFHRRRLN10%, Feilm R ERL550.04 A/W, A—LRMER K
#1494x10" Jones, 7E-0.1 VAT, BEHRITHELRN2.5x10° Alem®. RILGH
BRUE, BRI R SRR, BEE LE UG e i TR
R, BEATAE B AR S S48 B 40 R I 2R A A — AL PRI R £ 24100 KHz.
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AHUTHLZ AR Rk F PRI 28 (1 45 H AR RERIE 5

3) HETERY /REWEERNE, KKRS T eI ET
M, FNAREERESYHEN SRS ITOI RN qTLES], FIAFSEY
B, SRR S ERL T 1 AES, H—ERIZE N 10" Jones 75
F#HIT 10" Jones, ZEPEE 108 dB &% 112 dB, T HEM 400 KHz TEEE]
60 KHz.
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