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Abstract

The direct tunneling and pinhole transport of charge carriers in the ultra-thin silicon oxide layer
of TOPCon solar cells are two widely discussed mechanisms. In the actual solar cell manufacturing
process, the ultra-thin silicon oxide layer may generate pinholes under high-temperature induced
stress, which may also be accompanied by a large number of traps. These traps help transport
charge carriers through trap-assisted tunneling. This article numerically solves the drift diffusion
transport equation and theoretically simulates the performance of TOPCon solar cells under illu-
mination. With an oxide layer thickness of 2.0 nm, considering direct tunneling and trap-assisted
tunneling as the two main transport mechanisms, the efficiency of TOPCon solar cells will be im-
proved. The dependence of filling factor on the effective mass of oxide layer electrons was studied.
Subsequently, the effects of crystal silicon lifetime and impurity concentration in the backside
polycrystalline silicon on the performance of TOPCon solar cells were discussed. The research
results presented in this paper not only deepen our understanding of the carrier transport me-
chanisms in TOPCon solar cells but also provide valuable theoretical guidance for optimizing the
design of cell structures.
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e PR B L FOG U MR . ORI RO . BOREASEIL A, — BRI T
WHAR, 4 95% Mt Al ££ H AT HAR K i BOR MR BUS B RBEAIEOU T, A AR A B Ha it
DRI OR FF 2 Ay o WA A R R AR K B LTI K BT A, HES R BH A P BOR T AR, o 15
JeARR R TEG T et [ % 5 RER 4 M e T By LB o B o AL R AL 3 A (TOPCon) Bo AR 2 1
SRR T A Jr AT R T AT R B g A, T AR S B S A0 B 7 T 42 i (PER C) 52 A H )5 T <2 2
R AR, AT RARTHEAL R B R B R R G U R 1] [2]

TOPCon K PFHE FL I 1 72 Hh 75 AT i be 45 P, XG4 i e A ik IR AE i 5 3 K L T
B AEEHLB1-[7]. W TERAEEZ B RGEE 2 nm FIE0L, A UARHNE B R E B Tl
o HA2, iR KRR SRR R A i AR RO 5 & T R A KB GRIE[8] [9]. IXEEAFAE T4 Ak
TEE B v (R R 6 T RE > S BB T RO RE %, I O B E B T 4iz 7 . Kk, ££ TOPCon KPFHAE
o, SREEAHBIEE 7 (TAT) thA] et — M B Z R s hL], THRAERMZER KT 2 nm UL
BREEIREE A g

AR SOE I BAE R SR Y 1 TR, BRAN 7L TOPCon K FHFE AR IO TR REAE AL )= 5
FEN 2.0 nm WIS, ZRE 75 8 ELARRE o ANk K A B RS 2 Ay P A £ Z R as pLe] . FEARER T T AL
JEHR T AR SRR . W I 2 SR AR R ER6T TOPCon K FHAE LML RE 52 . A ST
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Figure 1. Structural schematic diagram of TOPCon solar cell
simulation
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Figure 2. Energy band diagram of rear structure of TOPCon solar cell
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ARICRH TIERY BRI, 2R AR R AR S R, s AR A T e
ML I oA, TSR T FENER T e WRERREESEEH T ISR T IR B2 Aa[10] [11] [12].
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Table 1. Parameters used for numerical simulations (m, is the free electron mass)

= 1. BERWTERROM S8 ABERETRE)

VI CER=TL XA ZHH
i T/K 300
TeEZR A T8 E,5/eV 1.12
A TESE T 9 Eg o/eV 9.0
A HL es; 11.9
SR ARG A LR 2 Eox 3.9
Tk i A ROIRAS 2% B2 NJem™ 2.8 x 10"
M WA BCRAS T N/em? 1.1x 10"
A MR E m, 1.18mq [13]
T2 A MR & m, 0.81m, [13]
AT T A R E My o 0.50mq [13][14]
FALEE T 7CE MU . 0.32mq [15]
Jof JEG B R R A5 JH UK T Nyegf/om > 5% 10"
=R i C N Tiax/MS 7[16]

T BAESE H B, BRATE S B LV RS CARE SRR A R (17T T B B .

£ FeH| DT A TAT 2 WA EE RS HLE], 24 n B POLO 45 L2 EFE N 1.4 nm 5, FRA T I HEHL
TSR IR -V R 2R, Wl 3 B, N T RTERAR T, ] 3 iR R TN EE DT FY % & TAT
PE Ry B — A LI I TR B0 1y Rtk . TERSLTH S, FRATR A T i85 P %S - R (ECV)
T3 RE B o0 A » R 5 N2 ek A T BG4 RSt P (R 24 R 20 A o A5 24 2 SRR (IR BE 4.4 % 107
cm”, EMRERA 1 mm, RS54 A B B T 4 Ak ) e Al FLBE Ry o4 3.01 Q, IX U438 550
AR E[17]0

WR A E DT fiighlbil, THEAR0 LV i (GRS E) AR A LI R . 755 B i R u
W, -V IR MR, JFH S FIn gt AR . R0, M“45E TAT fighlsl, Fadmas
FHHI TAT 3% N, = 1.27 x 10" em ™ I, RIULE & (¥ o R G BB P 11500 17 bk i 2R (40 (s k) 5
S sE R E BT A . HAh, SREUAOR N L H R p, = 7.68 mQ-em® 5 5I0 45 R — 3,
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Figure 3. I-V characteristic curve for n-type POLO junction
with 1.4 nm oxide layer

3.0 B POLO £EHEEER 1.4 nm B [V $51E#hek

RUEAELLRT S5 T TOPCon K PHAE BB 7o rp, & FLAE S — B 2 — P 3 22 (1) 461 WL i1 I fi
WS BN SLIGEE R, (HASCITHR S AR R T RN /175 510 TAT mlREH 2 — AR EZ SN, &
SE AN LA S (1] o

N T B FE TAT ¥ TOPCon APHBEFEIBAIVERE, HETHEAS POLO S5BLAY (MR ANEZL AT T # e,
TN TR R, M8 75851 TOPCon A PHEE VAL . BT T 4Mnw B AE A R &5/ n B
TOPCon APFHRER M, HA5HUE 1 Fiac. %K€ DT M TAT /E PR 34z hLE], 4 n % TOPCon
KBRS HIB AL 2 R BN 2.0 nm WHASAEDGIE T Jov B0k s 2R34T T A, IR 5 B SR TR
KEVERES L, BFE Voo Joow FF R PCE, 53400 4 Fion. 7E n B TOPCon K FH fg FEIB I EUE LT
S, IR R T EB 2 2 RS RN Z SRR Y B N ARG RE R, He I 2 B FE C, =2 x 10 em ™,
P K E S5 6 =50 nm, B E IS FE T BRI FARA R S 80 TE AR UL, FRR A 2 2 F 3 Fos
24 . TAT Z%& oN, 5 3 WESEMFE, 1558 RFEAZ,

Table 2. Parameters of Si used in numerical simulations of TOPCon solar cells

7% 2. TOPCon X PRBEFR A B ERMIT EHR A Si MHSH

/B TVA X DA p’ emitter n-c-Si n"-poly-Si
JEJ¥ /mm 150 1.8 x 10" 30
AR i eV 1.12 1.12 1.12
FHXT A R 2 11.9 11.9 11.9
TR FIRE eV 4.05 4.05 4.05
WE /em™ 2 x 10" 5% 10" 2x10%

Table 3. Other parameters used for numerical simulations of TOPCon solar cells (m is the free electron mass)

7% 3. TOPCon X FRBEFE MK EREMH EHRABEMSH(n, " EBRBETRE)

YyEE R RS /3L SHUH
W TK 300
SRR T Ego/eV 9.0
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Figure 4. J-V characteristic curve and corresponding performance parameters of
an n-type TOPCon solar cell with 2.0 nm oxide layer
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Figure 5. Dependence of FF on the effective electrons mass for oxide with
1.0 - 2.0 nm oxide layer
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Figure 6. Dependence of TOPCon solar cell performance parameters (a) V., (b) Jy., (¢) FF and (d) PCE on bulk
lifetime Thulk
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Figure 7. Dependence of J-V characteristic curves on SRH re-
combination when the maxmum indirect recombination lifetimes
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Figure 8. Dependence of TOPCon solar cell performance parameters (a) V., (b) Jy., (¢c) FF and (d) PCE on the
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