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Fig. 1. (a) Schematic diagram of TOPCon solar cells; (b) sch-

ematic diagram of preparation process for TOPCon solar

cells; (c¢) schematic diagram of LECO process principle. The
high-density photogenerated carriers (electrons and holes)
induced by laser in the local area of the solar cells migrate
towards the contact point of the metal electrode under re-
verse bias, and generate a large current density at the con-

tact interface.
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S, PR AR E AN, R IAR AR S I 0g
(BT R LA RAAR T Fi 3l 8 305477
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TERSZ SRS, g TR SE R i i o oK fH
M HE S R B R 3L = A ) FL 3L, T b St i ]
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T 4 Ja-2 S A AL A 2 kL BEL (Re) A8
FHT B R w A (TLM), Wk e, (&
Giiy TLM I F R H— 41700 4 8 R A ek,
FAAR L =22 () HA AR BRI EE (d). FRRH (Ry) ()
HOETER B Z RIEA T, 220 Ry 5 d kR
B (W 2(b) Fim), B 45 i 2 3 12 i rp B
Re. XF T2 PR i it fi it AR U, At R IE T
% RIS SR REHES Y, W SRAE A 4B BBk 2 ]
MR Ry, W Ry fHE A4S, S ABEM Ry 5
d A rp Il A e B BEL. P T R R R A Y
H b I T 4 R IR 5 B R 20—40 pm ., 48 il
MR R MEIEE (do) 9 1.2—1.5 mm, B 5 B AH Xl
LR Rk AT DA Z WA, I B Ry (930 1T
DA — i [ 28 AE— M b, 5 — i 11 R A ) B A

ndy (n =2, 3,4, ) ML L, XWHTMN Ry 5
d B2 Hh LA 3R ARk FLBEL. 18] 2(c) S TLM il
REEHE, E 2(a) AP HL R 22 8] A9 a7 46 S5 5
.
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--- Fitted curve .

@) T, vi N\

.O Slope = R,/ L
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Ag/Al pt emitter
contact

B 2 (a) PIZc4m BRI 2 ol i Y i 545280 % (b) TLM
753 v L B 5 R AR [ B A PR SE R () TLM J5 3% A 3K
]

Fig. 2. (a) Simple equivalent circuit for measurements

between two metal subgate lines; (b) resistance as a func-
tion of electrode spacing in TLM method; (c) test structure
of TLM method.
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d
Ry (d) =2Rc + Rshz. (2)

Mg b Ry 5 dfAEAMOCR, B HEMARIRS
BIERS Ry, 5 R WM.

F T2 L BEL A R/ IN— B 5 42 i T B K,
PR ISR FH 55 4 f T B R /N TS G B 422 i FEL LR ()
AT LA G i SR AF 42 e b 3T 4 R -2k S (A ik
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Fig. 3. (a) Influence of reverse bias on cell efficiency and contact resistivity; (b) influence of reverse bias on open circuit voltage and

fill factor; (c) influence of laser intensity on efficiency and fill factor; (d) influence of laser intensity open-circuit voltage and short-

circuit current.
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Fig. 4. I- V curves of TOPCon solar cells in the dark state.
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Fig. 5. (a), (b) Influence of secondary sintering temperature on efficiency and filling factor, open circuit voltage and short circuit

current; (c), (d) influences of secondary firing temperature and subsequent secondary LECO process on contact resistivity, effi-

ciency of solar cells.
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Fig. 6. Influences of secondary firing temperature (a) and subsequent secondary LECO process (b) on EL images of solar cells.
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Fig. 7. Influence of different slurries on the efficiency of sol-

ar cells before and after LECO process.
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Table 1.  Influence of different slurries on the per-

formance of solar cells after LECO process.
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Fig. 8. Microstructure of samples A, B, C: (a) SEM image of sample A; (b) FIB-SEM cross-section of sample A; (c) EDS pattern of
panel (b); (d) SEM image of sample B; (e) FIB-SEM cross-section of sample B; (f) EDS pattern of panel (e); (g) SEM image of

sample C; (h) FIB-SEM cross-section; (i) EDS pattern of panel (h).
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Abstract

Laser induced sintering, also known as laser enhanced contact optimization (LECO), can significantly
reduce the contact resistance between metal electrodes and silicon in TOPCon solar cells, thereby improving its
efficiency. In this work, the effects of LECO process parameters such as reverse bias and laser intensity on the
performance of TOPCon solar cells are investigated and their influencing mechanisms are analyzed in detail. In
the LECO process, as the reverse bias voltage increases, the efficiency of the solar cell first increases and then
decreases, while the contact resistivity first decreases and then increases. When the reverse bias voltage is high,
the solar cell may experience reverse breakdown. Once the solar cell experiences reverse breakdown, both the
illuminated and non-illuminated areas become conducting. Due to the current diversion effect, the local
conducting current density in the illuminated area is much lower than the current density without reverse
breakdown of the solar cell, Therefore, the Joule heating caused by this is also much smaller, and the contact
resistance between the metal and silicon increases, resulting in a decrease in the efficiency of the solar cell.

Secondly, the influence of secondary high-temperature sintering and secondary LECO on the performance
of TOPCon is studied. When the secondary sintering temperature increases from 280 “C to 680 °C, the efficiency
of TOPCon sharply decreases from 26.35% to 1.3%. However, by subjecting the solar cells that have undergone
secondary high-temperature sintering to secondary LECO treatment, the efficiency can be restored to the level

before the secondary high-temperature sintering. Thirdly, TOPCon solar cells prepared using improved pure
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silver paste does not form effective metal-semiconductor contact between the silver electrode and silicon before
LECO treatment, resulting in an average efficiency of only 0.02%. However, after LECO treatment, the
efficiency of solar cells using pure silver paste increases to 26.35%, which is 0.41% higher than the reference
solar cells using traditional silver aluminum paste. Fourthly, a physical model of LECO induced silver-silicon
contact formation is proposed, providing a reasonable explanation for how secondary high-temperature sintering

and secondary LECO treatment affect the performance of TOPCon. This is of great significance for further

understanding and optimizing the application of LECO technology in TOPCon solar cells.
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