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R ITI MEE BRI VC RO, i AT EZR /R
A% i [ T A ) A e R 2 S R 19, X
HgE— 2L e 5 BT LI AR RE. 1] 1(b) SRy HL
KA R, GaN 78 HL it 25 04 vh A4y (1) g i L e
PR T RSB TG PEJZ 17 FTO Hutk A%t

SCAPS-1D HifF— K A K B AE A i
BT 2O B T CIGS . F58R8™ HE
S — S T AR K PH B PR Tt %) R DGR3 21280,
G RAAFATTRE (1), 5 (2) FIZEIT(3) JESEE
TR HAF (4) FZS 5 (5) MIEGR +Haiiz 7 15

(a)

2

Lighting

T~

Hrp,

B 1

®

— Ny + @) —m(2)], (1)
b, o NS, AT AT, ¢ AR SRR
A HLH L, p(n) 287X (L F) IR, Ny (Np)
LB SZ AR (BUR) T, e (p) MIFIRHLT (2
), & NLE AR

dn, Ty — Nipo dE dn, d’*n

. Gn — - P n; nEip Dnip

dt ek g T P
(2)

dpn Pn — Pno dE dpn d2pn

— =G, - — oLy — ) i

QP g Py TR T P

(3)
Kb, G, G, 43 51 S v 0 25 R A
n, A p, 5301k p DX n DX L 0 A8 R B
nyo F pug 43514 p X n DX AP L 2 7 ik
BE, 7 Fl o7, G300 R B RS TR e, Ry, 53]
Has M IIER R, B, D, 1 D, 435
HL RS AT R AR
dEr,
dz ’
dEr
d:rp’ (5)
K, Ep, M Epy, 435102 HL - F12S S TE B OK REZL.
X1 NS ZE TS, A T &Sk BT
H, Y 5 J2 L T 1Y) ke o 2 B T HL Y I MR RE A R B
KEZAYRZMR, PRI AS URABEAUL r ) s 57 25 B LM
TEFR 290, BT 2 [R) Y % T8 1% A5 34 22 g
ATt FTO it N D ek $h 4.4 eV iy iR b B
ARYGTEAECIEERE N AM 1.5G, ASHETIEN
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Fig. 1. (a) Structure of perovskite cells; (b) theoretical band matching of GaN layer in batteries.
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F 1 BHIPMEHN S
Table 1. Parameters used in the simulation.
2R GaN 2 HTL
JEEHE /um 0.10 0.55 0.10
W eV 3.40024 1.55011 3.11
HL R feV 4.1005 4.05026) 2.25
I HUE AL (relative) 8.90 6.50 3.00
ST S /(10" cm ?) 2.30 2.20 2.2027)
P RSB /(10 cm™) 4.60 1.80 1.80127
HL AR /(107 cmes ™) 1.00 1.00 1.00
25 /(107 cmes ) 1.00 1.00 1.00
BT R /(102 cm- Vs 10.0 5.00 1.00
ZRGEBR/(cm-V s ) 100 60 50
HHEBMEEHE N/ (101 cm ?) 1.00 — —
RSB IZ EWE Ny /(102 cm®) — 1.00 1.00x 10327
BBEHE /(102 cm ) 1.00 1.00x10°2 1.00
£ 2 GaN HiEWZE MRS S UEHIZEZ NS
Table 2. Parameters of GaN/active and active/HTL layer interfaces.
28 GaN/7& M2 A T TEE /HTLA
Sl LN i
B PR FR AT /(101 em?) 1.0 1.0
25 7ARARIE /(101 cm?) 1.0 1.0
[iEoii] B B
RSB ENS % TR A RER TR N R
AN TS HRERRE S /eV 0.6 0.6
B EE /(10" cm ) 1.0x10 1.0

LI GaN fE R HL 152 FITC GaN 20, 315
RENR L -V g aniE 2 B, R A H b fE
BRAEF 391, LU GaN 18R i TAE 42 1 i
SRR RN 24.12 mA /em?2, & GaN JEAELER
S B FL U N 24.03 mA Jem?, RO HLIB Y
N T BRI TSR 1 BR T8 R | R L S 25 3
T TS ESCR, I GaN R v b 4 6 % F U 2%
FERTHE/N. T GaN feg T L5 i i i M2 B
PELHICEL, V.. B 0.78 V #£J1E 1.21 V, PCE
15.87% #2 & 24.18%. FF J& i 5t KB 3% o5 1 i 2%

J¥ (maximum power point current density, Jyp,)+

e RIS R (maximum power point voltage,
Vipp)s Voo A Jo FLRIBE Y, f1 T4 GaN #)
HIMT) T 5 Ty 2RI, TTHIHBRY V,,,, 11069 V
B 1.05 V, 145 (6) 2, BTl GaN /L F1&H
ZHHL FF AR, & 2(b) 4t BEET HL i Ab T
PR AS I B BB B, IR BB A RE R R AN AR
#ii Andersons BEAFHLI 28 (8) 2h GaN |2 51

B

PEZ 5 B4 b 1) W A AE,., AE, 23520048
TR R AT, Gan % P9 W58 £ M4 7E
FTH AL B R B A A I, T A IO BE
EFTE = W AR, By g i 2 A A
Bff, B3 RAE T AR SRR AR, By
R, V. B, I 1 AE, A B T f b M g
52 T B DL GaN iy 1% i )2 19 54 O 7% (.
AE, = -0.05 eV, {f1E)Z/GaN S5 FLE Y B
[ REAY B i (cliff), /N T AR A, M IF e
JEHER, [FB GaN B, fu iy & ISR, A
F TG PR 277 O AE FL T 17 GaN J2 4% 131,
I HLL Y RBOR, X 5 Lin 45 9 (9 BI25 L 2
—E.

FF — Jmpp % Vmpp) (6)
Jse X Vie
Prax Vo X Jse X FF
PCE = = 7
B, P ; (7)
AE; = Xactiver — XGaN- (8)
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Fig. 2. J-V curve of solar cells with and without GaN layer under lighting; (b) the band of GaN as ETL in perovskite solar cell after

illumination.
# 3 A GaN 570 GaN B AL S H00
Table 3. Comparison of solar cell simulation parameters with and without GaN.
Samples Je/ (mA-cm) Voo/V FF/% PCE/% Vi /V Jpp / (mMA-cm?)
With GaN 24.12 1.21 82.67 24.18 1.05 22.99
Free GaN 24.03 0.78 84.44 15.87 0.69 22.93

3 GaN EE Mm%

ETL ()5 B 2 B 5 i B fts i s PE B &
T 11 JEE B 2 AR ORAIEZS S 238 1 [ B A 5 A% i LT
THE GaN BB 0—800 nm, 751 Hi vt
B MERESHU GaN B AR (LA W& 3(a), (b)
Frw, BlAE R R, HLY J, B HETREAR, (HAR
PG /N (24.13—23.83 mA /em?), J,. (5 YR
P FEAA PN R — A2 R RIS T %
e, RENA TSR 2 e, R A R A
Ui R A I S A E A R R . MR T
B R TASERE 15 R 2 AR R (RSP
AR BT B (L) 110 pm, Z57%
PHEUKE (L,) 4 39 pm), 2RI T7E GaN JZ211E
FHF 1) L P X AR A5 %, 7E GalN JZ2 1 N 5
oM RAEBEE A WE S MANE S, BRE
G bl GaN JEBE i 3 TG o, DA 18 8 J. B
GaN JEJE Y35 A/
Epn — Efp

. (9)

V. £ GaN JEJE 0100 nm N 2 il FF%, H
1.30 V FEIKZ 1.21 V, 4 GaN MR T 100 nm

V;)c,max =

25, Vo R E (~1.21 V). EESE I 41
T, ASHEHUR B T HEA AT, IR A
L F-25 7O, FLAL THERCP PR, 9foKBES o)
SR 4(a) Fis B FHESORBEDL By, FIZ5 703k
KBEH By, 3 2R3 2E Au=Fp, - By, %
. AR s SRR R S A, V. A AR TR R
HE SRR BB (0] Ay L #2381 (9) s, 4n
Kl 4(a), (b) Frzn, 76 0—100 nm N, ffi & GaN
JERE R R, GaN JZ2 1 LTI ZOK BRZGZ BT FEAIL,
HL 325 ApZ2URI R B, (R A ST H 37 s g R 2, A
N A B BT A I WA R, DT AR V. P2
R % MR EE IS 100 nm 5, HL T ES K AEY
frERE, ApfEAS LRSS, 15 3 e g2 g
REE AR, 1 BOTFE R s 80N, v]
2T, LA 100 nm JERE N 8, PCE [Al#f 23
AP RN N =2 2 WA & S = 3 =g
24.76%, %W A9 GaN JE R 245 nm. FF 2L
WNEHER, B2 E TR G @2
Jupps Vanpp B8 GaN JEEERELANIE 5(a), (b) Fi7R,
454 (6) X, Wi 5 FF 5 PCE #9728 fk AL DT i
K.4f. Duha %5 B JE R AGERE HL it H — Sk ak
TALE 2R SA SR GaN B A HHLT)
AR
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Fig. 3. (a)—(d) Effect of GaN thickness variation on battery parameters.
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Fig. 4. Results of the active layer is in contact with GaN layer of different thickness: (a) Energy band map; (b) band map of con-
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Fig. 5. Variation of (a) Jup,, and (b) Vi, with GaN thickness.
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Fig. 6. (a)-(d) Simulation results of J,., V.., FF, PCE under N4 and thickness of GaN.
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JEI/ NG R (A SOR BUAR AR R PR A <5 X
o AR SRR <5 ) 2t TR . i B 40k
FH 10" cm 39 E 1019 cm 3 I, <[5 O B AR5,
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Jfi7s, FF 1 PCE A AR AR {3, b AR (bR
H 5 Xiao 55 10 XAk AL P #8221 Si K PHHL It
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FEH] GaN 1yl F 45 42Uk B ] LU L HE e 9%
KBEF = AR, PR R R E AL B s 4 ik
T (GaN R 7 200 nm) H % M RS A9 HEZL
43, GaN B4k FTO, J3) R 4.4 eV.
FESEIEET, AL T HOPERIRE, &2 NI TR
eSS — (BWBRKAEL AL B N REHRZ ),
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10" cm B4 ZE 10" em 3 B, GaN [ 517 B #i 5 i
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RERBV A L7, R I B 2.

IR, A AL E R B AR R I
PEJZ /GaN FUim i ) s L 3 sm R in, Wni&l 8(a) fir
N, TR o B P LT R IRl ), A BT
W oy B b = A Y, X S 1B T TR BB
AR AR

Bl 7(5)—() Mt JERET &, 2 GaN 1544
W R 105 cm 3 B, 16 ME)Z S A, 7E GaN
FINE 2 Z [ B3 22 Q06 BHLAS F -4k 2 DA T
210 GaN ZFH% ) BiE i BB 24 WS 4w, 3
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YRS GaN Z [0 0 B akn it
2Rl ) A, 2R BB 101 em
BFRCR .V, SZESERE 5 PR 2 M 152 e
Yo AT BRI 12431 Y GaN i 35 18 24 ik B 38
BRI, S-S SO FE I RN 2 T
431 GaN JZ25 HTL JZ R, 7= 0 K AY f 3
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(924 GaN BYJEEEE S 200 nm I, V,, BBk Y
BRI R A —8. AR F1E 52 1844
JEXTFUESORRE R 0 24V, BIREEIEE SRS Deng
A 1 R BIFFE A A R P R A 1T Xu 45 1491 R 2 1
I B4 THIE PR T2 R TR S oK R 73 2.

ARG (9) IR Ve max) IR
e IS A, 1 GaN o J5 B X381 V. A7 1E—
FERI, TR IR )Z / GaN S 2 (6] i 4778 S
24, HPAEI#EE 4 (shockley-read-hall recombin-
ation, SRH) & F, W& 8(b) Fi7n, FERFEEIE S
PFT, BE B AW R3S K, 15 1E)2 /GaN S b
B AR A R, (H2E GaN/FTO ik iy &2
AR/ NMEE L, [FEF ETL 85 0 57 7 K BE
Y Ep, FISAFIRAE (CBM) 11X HL T AYTE A RS i
AR VR Lol RV, Al PCE 753 D)4 i [204748],
Hit E B IR B R KRR R V., (HSW/N R
S5 FUAL A R R AR R Z v B, Hg
JZ/GaN RHME A% RN E G R 2
Foas, I T2 I, BB AR EE 4 T ).

Kl 9 MG T2 /GaN /FTO S5F 1 Rets VL AL A,
T2 /GaN R IE i 57 B4 #4421 GaN/FTO
FEfR AT B Fr A 2 PIAL SR A X ) GaN
AYFE X Y 58 B2 43 A E Wy B Wy S H5AR A1,
& 6(b) Frni Vo, BN B GaN jifi £ 42
ALK T Wy BO(EERE 14, AH R Y M50 19 98
JEJEH GaN/FTO FLi GaN #E/R X BT Wy Tk
FE, DUH BEEXT LA R 4 50 THR R TS
&1 6—%1 9 FHPTHC.

PL GaN [ 48242k B2 Ry 10% cm 3 I Ry 4
Voo B9« 57 kXN GaN 1R EE A 13 nm, ¥
IREAIET GaN JEEE A 29 nm, KE GaN J&
B (2) 47524 3 nm, 13 nm, 29 nm, 50 nm, 80 nm.
6 RERT R RET WA 10(a) FI7R, 24 GaN 5 FTO %
fiit, R Wy < Wepo, GaN J2 2 i E l—4>
TE Y 7S ] FL AT DX, G e e 35 o) by 4K P i 1) S T
B SRR B AR TR, Rt
i, e RGR T A A g X, 25 [a] i far 3222 1
LBt IR N, iR RN/ ME 2, e
E—TEHEAXE. 250 < 2 < W, B, BEE GaN
JERERYIE R, GaN JZ 1 HL YR FE BT iy, 25 7k
JEREMR, S BRI POKRER, HE © > W, I,
GaN W & | T2 7 OR AN H32 R 0 5
M. YRR S B REAT WA 10(b), (c) B, 240 < o <
W, B}, A~ GaN ZRIFERTHEM)Z/GaN 5 GaN/
FTO MFERIX, #5828, 112 /GaN F T
7 BLREAT AR, I ELIERE JRJE I3 KR AR s
59, MATE x> W, ZJ5, T ARG Ry i &
B FFEOCIUR, T HETOKRBESR A, Y GaN J&
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Fig. 7. Equilibrium energy level diagram of solar cell before illumination (a)—(e) and energy level diagram of the solar cell after illu-
mination (f)—(j) under different doping concentrations.
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Abstract

GaN-based semiconductor has been used in optoelectronics and electronic devices. It is a new research topic
at present that how its good electrical properties are integrated together to explore other applications in theory
or experiment. In this work, SCAPS-1D software is used to calculate the mechanism of GaN electron transport
in an FTO/GaN/(FAPDI;)qg5(MAPbBrs),15/HTL perovskite solar cell (PSC) structure. The results show that
when GaN is used in PSC, the V. increases from 0.78 V to 1.21 V, PCE increases from 15.87% to 24.18%, and
that the small conduction band cliff formed between GaN and the active layer can improve the efficiency of the
cell. Quasi-Fermi level splitting, interfacial electric field, interfacial recombination rate and depletion zone
thickness at different doping concentrations s are analyzed. The influences of GaN thickness and doping
concentration on open-circuit voltage and other device parameters are investigated. The physical mechanism of
GaN as an electron transport layer is discussed. With the increase of the thickness, the J,. of this solar cell
decreases gradually, but the change range is not large (24.13—23.83 mA /cm?). The V. decreases from 1.30 V to
1.21 V when the thickness of GaN exceeds 100nm, and then keeps stable. The power conversion efficiency

changing regularity appears in the form of “pits”
with the highest efficiency being 24.76% and the corresponding GaN thickness being 245 nm. The FF shows a
trend, which is first decreasing, then increasing, and finally leveling off. In the case of the doping concentration

first decreases, then increases, and finally keeps stable,

and thickness change at the same time, during the increase of doping concentration, the J,, decreases gradually
with the increase of thickness, but the overall change range is small, and the open-circuit voltage, filling factor
and conversion efficiency all show “pits” changes. When the thickness of GaN is 200 nm, with the concentration
of GaN doping increasing, the quasi Fermi level splitting increases, and the strength of the built-in electric field
between the active layer and the GaN layer increases, thus providing a greater driving force for carrier
separation, resulting in a larger potential difference Ay, and thus a larger V.. With the increase of doping
concentration, the recombination rate of the active layer/GaN layer interface and the recombination rate inside
the active layer increase, which leads the value of J to decrease. It is found that the position of the “concave
point” of V. under the change of GaN thickness is determined by varying the GaN doping concentration, the
width of GaN depletion region between GaN/FTO, and the width of GaN depletion region between GaN /active
layer determine the width of the whole “ pit” . In summary, the cell parameters can be improved by
simultaneously changing the thickness and doping concentration of GaN.
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