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Abstract

By controlling the doping concentration of Na*, perovskite films with significantly reduced mi-
cropore density were successfully prepared, which effectively suppressed the defect state in the
materials. We constructed an HTML free carbon based PSC structure with CszAgBiBrs film as the
core light absorbing material. It was found that the appropriate amount of Na* instead of CS* not
only optimized the morphology and quality of Cs2AgBiBrs film, but also significantly enhanced the
optical absorption capacity of the film. The test data showed that when the Na* doping ratio was 5%,
the CszAgBiBrs carbon based PSC showed the best performance, and its PCE reached 0.85%, which
was about 39% higher than that of the control group without Na*.
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1. 5|18

AR, JEARFEARSIIS G ML - TS B B K BH A8 I (PSCs) 1) Gy FE 3 3 7, X EFIH
TR G A R e . XM B SO B8 KBTI 8O & T bR aif, i
e SR L8R (PCE)VE F P IRGE SR T 28 26.4%. 1Z 2R BT I P RSBk . A LR A AN AR e 1
SR TG 3R IR IRETS Je ARE o e AR 1 ), A TEHLAS R (U0 CsPbL) i) vz B 7, FF 2928 19.03%
[f) PCE. #R1M, PO (RN PEASHRBIN . Rk, & BRIRER P> ISR TSR, W1 Sn?'. Ge?**
Al Cu? 4, (HIXEE PSS AN, FEESERRRI[1]-[6]. TR, XSEE Cs:AgBiBrs
RIHTEHE . mfesE Y B K M ER 77y, OGRS T B R kL. R Cs:AgBiBre A M5 AU AN
BN, (R IBOR M TR BR(~1.95 e V) FIE = (- 45 & Re BR ) 1O USCTE [l 53 PCE IR T-4
FEERT . BT B2 2k Cs,AgBiBre O H LRSI R T-B.[7]-[10].

AT RG LR T 04 2.5% 5% 7.5%[I4NE T (Na B 2L 808, K& R Natis 4%
Cs2AgBiBre M BRI X REZH AT RAE . WFFLAE R BIR, 16 Na B 49KER S% I T, BefA AR g a5 %K
W eeRL ARG, I RAR R RS, T KR B9k T Cs,AgBiBr IR [ R BB 25 B, 30 T4 Tl
FEI o A E R e BT Na B AR IR N5 Cs:AgBiBre i, FRATRINE T —Flo s/
JEMHTL) MR 25 M e th a8 4F, HARN FTO/Sn0O,/Cs,AgBiBre/Carbon ik B AR 45 441 (1) % AR K FH fi HEL it
(PSC), FESEPL T EM I T, S HSERIERB A Na' i h 0.61%, TMAE Na B 4K BN 5%t
PRI 0.85% M R R (PCE) s X — A BN 1 0 I A i R 2545 IR FE SRR BB 119 SR

2. SCIEERSY
2.1. ¥

CsBr (>99.99%). AgBr(>99.9%). BiBr(>99.9%). DMSO (>99.9%). 44K 8445 (SnO) K AE 15%7K
V. SR . RIS A DEY S BIE(FTO) . SZ6 b FH 3 19228 17K J9 SEi6 S A A %

2.2. B/HEHIE

(1) EEpists

KRR N 2em x 2 em ) FTO SRS/ NEREIR . 7EAS5E TRIRES FALFE 10 kb, HE— b
B R A R T ¥R B RS K

(2) SnO: 5 EH] &

H SnO, BARIEIRH 2B T KRR 2.67% (vIv), FHAESEE T HAEEE S 1) FTO K E LA 2000 rpm Jig
W30, SRJE 150°CIB-K 30 435, & P IEHE.

(3) F5ERD R IRARVE IR AT

HERSG I TES T, #4426 mg CsBr. 188 mg AgBr 1 449 mg BiBr; % fi# T 2 mL DMSO 1, 7
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70°C A T HiFE R 5E VAR, TERL Cs:AgBiBre BT MR . J9WEFL Na 458808, 3 I NAS [F) 3 FE 1)
Na™J&, % (Cs1—xNay)AgBiBrs BT IA . FTE AL 0.23 um PTFE JEE IS € J5 18

(4) S5 HREUIR

KPP BEREAE SnO, 2 il % B ER Wi 2L 600 rpm JiEkRk 6 £, LA 3000 rpm JiEiR 45 5.
WS, &8 500, JFME 260°C FiBK 10 430%h, DU HEGRLA: KA S0 4L

(5) BRERAHIF
KBRS AR R I PO LR, FRER SR T 120 CHARER 15 708h, JERBEE 1)
RN

I 7R T IR ARAT R ) — B & AR, 20T R T R R VA AR B AR K T, AR
T HER R B T AR BE . 4] 2 9 Cs,AgBiBre #58R0 IR 1 1) T Z AR K

Figure 1. Structure diagram of Cs2AgBiBrs perov-
skite solar cell
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Figure 2. Process flow chart of Cs2AgBiBrs perovskite film fabrication
2. Cs2AgBiBrs {5EA 0 SHIRFIERN TZREE

3. RIESHEHR

3 N Na' B AR EERLE AR Cs,AgBiBre M fH A5 H 1) XRD 7T 45 5. RIBAFERTE 13.5°,
15.5°0 22.4°, 26.2°. 27.5°. 31.9°. 35.8°. 39.2°Hil 47.5°4b HBIATESIE, XFRiS7J7H CsaAgBiBre RI(111)-
(200)~ (220)« (311). (222). (400). (420). (422)F1(440)EhTH, FHIHEEA RIFMLE R, 2 Na' B2
WP 2 2.5%F0 5%, ATHUEA B A, UMK S R U8 sk 4514, H.(220)F1(400) &4 [ FRIHTS
VR FE IR, R Na (2t 14 E s AR AR, R T iR i & . 28T, 24 Na' B4k R 7.5%KT,
(220)F1(400)0 i I e HL 9 B2 FEAIK, [T AE 25.6°F0 37.5° Kb HHBLETIE, R EIREB R TTRETI NA44H,
FE ARG AL

KPR T EMERSEHE T NaBREn Cs,AgBiBrs L HILH M mUNE 4). KBIFER
(] 4(a)REALESLI, RHSAEEKRBERZ . Y Na BRENE 5% (& 4(c), MEERmE T, ki
WK, VLR Na{git T A FAK. SR, 7 2.5%M 7.5%B 5K E T (& 4(b), & 4(d)), RS,
R Na' B A TEF 5o 2 AELME, S%IR A R T I BEUE 458 . 1X R Nat il o 4% ok f A=
AR, AR S
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Figure 3. XRD images of Cs2AgBiBrs films prepared with different
Na* doping concentrations

3. FE Na'#82-REHI%H Cs2AgBiBre &R XRD Elf§

Figure 4. SEM images of Cs2AgBiBrs films prepared with different Na* dop-
ing concentrations. (a) 0, (b) 2.5%, (c) 5%, (d) 7.5%

4. T[E Na#8Z5REHIEH Cs2AgBiBrs EEEH) SEM Elf&. (a) 0, (b)
2.5%, (c) 5%, (d)7.5%

U T T T R S T AR H AT A A 1 B ) R S, AN AR R 70 B R AE T AN Nat
BAIKE T Cs,AgBiBrs MR SUF AL E 5). MHARSE R B R, A5 24 oI5 2 T A R P A e (23,7
nm). P& Na B4 & 2.5%H 5%, FREEE 730 %% 20.8 nm A1 15.4 nm, K& &SR HRTHRITF
BRL . AH 7.5% B R IRIE 22 539 nm, 5 SEM 45 —%, Ui &SR HNHER &,

B - WSO TENR (B 6) 7R 15 24K BEXTEEOG A RE m ER . PIA #F l 7E 438 nm 4t
PR IR B IR, T RRZY 2.03~2.06 eV o 5%5 2B SR WS R i, 5 B AR 0 45 R AR T T SRAR 1
FIZIREE N pe etk

AW 5T K FH FTO/SnO2/Cs2AgBiBre/Carbon £5 14 il £ 1 o2 /ALl /2 (A5 R K BHAE HL i, REEH %L
T Na'$B24%F Cs,AgBiBre M AR IR . W] 7 Frow, 3@ B ()20 HE 630U 6(TRPL) 24T T AN
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Figure 5. AFM images of Cs2AgBiBrs films prepared with different Na* doping concentrations. (a) 0, (b) 2.5%,
(c) 5%, (d) 7.5%
B 5. TR Na"8 2K EH & H) Cs2:AgBiBre SHIER) AFM Elf%. (a) 0, (b)2.5%, (c) 5%, (d)7.5%
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Figure 6. U-V spectra of Cs2AgBiBre films prepared with different
Na" doping concentrations

E 6. TE Na #8324 REHIE M Cs2AgBiBre SEAEAY U-V FiEE

Na B4 Hefil(x = 0~7.5%) MR I BR T30 1247 N« R ZHa B HO0 7O R & b AT 100, FLkik
XARKDIIR,
I(t):IOZOAiexp[—i] (1)

T.

Horp, o MRS HEIE R 6, A RN A TR . BB i S sy SI i T 2 A it
e, T 22 473 SRR IR A7 A 2 M 2 S L (3R i & SR E &) RI5E 4. LRI RSB A 2.5%.
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Figure 7. TRPL analysis of (Cs1—~Nax)2AgBiBrs
[# 7. (Csi-xNax)2AgBiBrs B TRPL 5%

Kl 8 S DYZH AT IEAFE S PSCs (1 J-V iR, HMERESEUE | fion. 16 Na' B JRIR N 5% %A% T il
%7 Cs,AgBiBre 2314, 2345 0A AN 0.24 cm?, PCE 4 0.85%. 452K ETHE A 7.5%,
RN, AUOKAAIERH Na 158, thah, S50 HBAEIR K G R K EEHL, FEERE P IRIE B %
73T Cs:AgBiBrg J7=. [Hth, 4R S GRS 2R, #8445 17 & H R A PCE 2% (K.

X HERE S AR T RCR(EQE) AR AL Cs,AgBiBrs PSCs B AE 1, 1l 9 . SR A
W, TE 4 FARFBIIKE T, PSCs 7 300~600 nm i [ Py 2ILHAHATI e g A . 7 K29 350 nm 1 450
nm KA MR w EQE 18, $B%KEN 5%, PSC [k EQE Z104 50%, 1fiAi524) PSC 1 EQE
210N 42%, AL aEm NGRS R T B .
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Figure 8. J-V curve of Cs2AgBiBrs thin film PSCs prepared under differ-
ent Na* doping concentrations
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Table 1. PSC parameters under different doping concentrations

F* 1. TEIEHRE TH PSC BH

BIRIRE Jse (MA/cm?) Voc (V) FF (%) PCE (%)
0 1.8 0.69 48.99 0.61
2.5% 1.9 0.70 49.61 0.68
5% 22 0.73 53.15 0.85
7.5% 2.0 0.71 51.36 0.72

EQE (%)

Intergrated J (mA/cm?)

0 a .
300 400 500 600

Wavelength (nm)

Figure 9. EQE spectra of Cs2AgBiBre thin film PSCs prepared under differ-
ent Na* doping concentrations
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Cs:AgBiBrs W HEAT 7 RALNIE 10). Hr, EERMHREARESE, BRI 780N SRR
BHIEZTERL . MRS RN, 2 Na ™ BIR By 5%, SRR B LA Ree (4600 Q), B2 &T
RIBIARFER ) 3200 Qo iX — G5 Rt — 2 PUESE, T K Na B 4% BEMs A R R fa st &2 &0 72, 53132 TRPL
I I S R FRAE 45 A HEDAE .
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Figure 10. EIS diagram of perovskite films with different Na ratios
B 10. SIAA[E Na'tbBIE0$5ERF SE AR EIS
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KO FE T A A Na B4R FEXT Cs,AgBiBre M5 S 1520 . 24 Na* B 4R E N 5%, Cs,AgBiBrs

PSCs ] PCE M 0.61%32E =31 0.85%, 2154 39%. TR A 58 (1 45 &0 B AN e/ (s, DR EAE PSC
PRI ER R RE . SCIRA R EIR, AN Na' B4 BE 21 il 4 I L PE 2R T 55w 7
T ) 25 S B RO 1 281 6 U B R ARG e P . IX— S5 R, G RN Na™$524 m] LLOC AL A 1 3k
NLEER, T HE 281 ' RS Bl R A AR e M . WF T &5 BN JC A CsaAgBiBre 1 5 (1) 5 B4R 4t
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