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Study on Passivation of Monocrystalline Silicon by Tandem
Hydrogenated Amorphous Silicon Film
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Abstract: Studies on the passivation of monocrystalline silicon wafers by using plasma enhanced chemical
vapor deposition for the deposition of monolayer intrinsic hydrogenated amorphous silicon films show that
increasing the hydrogen dilution ratio is beneficial to reducing the defects in the films and enhancing the
passivation effect. Excessive hydrogen dilution ratio can lead to the epitaxial growth of amorphous silicon
on the silicon wafer surface and reduce the passivation effect. Annealing results in the increase of the degree
of crystallization of amorphous silicon and the reduce of passivation effect. Meanwhile, annealing improves
the quality of thin films and changes the way of H bonding and enhances the passivation effect. Therefore,
the best passivation effect of monolayer hydrogenated amorphous silicon can be obtained only at appropriate
hydrogen dilution ratio and annealing temperature. In order to improve the passivation effect of amorphous
silicon film on silicon wafer, tandem intrinsic amorphous silicon film with high and low hydrogen dilution
ratio is used to passivate silicon wafer. Therefore, the epitaxial growth of amorphous silicon on the silicon
wafer surface can be avoided by stacking amorphous silicon thin films with high hydrogen dilution ratio on
the thin films with low hydrogen dilution ratio. In the annealing process, the hydrogen in the film with high
hydrogen dilution ratio diffuses into the film with low hydrogen dilution ratio, effectively passivating the
suspension bonds on the surface of amorphous silicon and monocrystalline silicon, and improving the
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interface quality of amorphous silicon/silicon wafer. After the tandem passivation of the silicon wafer, the
effective minority carrier lifetime is 7.36 ms, and the implied open—circuit voltage is 732 mV.

Key words: Solar cell; Passivation; Plasma enhanced chemical vapor deposition; Monocrystalline silicon;
Stacked amorphous silicon layer; Hydrogen dilution; Minority carrier lifetime
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Fig. 1 The influence of different hydrogen dilution ratio on passivation effect of amorphous silicon film
Pl 2 25 7 AN ) S0 B LR ORR A ima- ST HOEBE A9 12 4 > 00 B L 4 A1 10 I, 7 476~483 em i
L AL AT — 50 5 9 A 2 e, 38 W O Rl 9 2 At 2 1 5 2 0 B L 3 DR 31 20 I 9 JBEAS A7 480 em B 3T A7
— BTSRRI AT A W 3R TE 501 em ! BT HR I — A Y L 2 0, SR WT G IN L 28 A0 B 1 9 K R AORLTT 46 TE
I 5 24 SR B EL Ak SR 3 K 3 70 1 120, W B AE 510 em ™ A1 516 cm ™ BT H L — AN LA GOK S RRAE I B 2 0
W Y e A R BE A B E— 2D 4R o DRI, 2 UM R A I o 8 52 AR R S T R S B R AR T W AT
W PR AR A AR S K RS O HBE A SR R LL A B B A B B R B . TR A AR AR SR
JErh 32 2L Si-H  Si—H, Fl 4y T S 55 #E 5 8 XAAAE  (H )2 B Si—H 8 A BB 56 AL Ak & ik v 0 5 1k 2 T 1)

0331001-3



T AR

G, BEARAS A h R R B R B R B SR R L R — 2D R, SU7E S i A RE R T 2 L) Si-H,
(IR A7 A, Si-HLHEAR TR SR/ 40 K i A A J 00 o a0 pAy ) e s T A, R 1 X et e v R Lt e
A RS A B RO DR, 2 U R LA 10 9 I #) 120 1, i-a-Si: H/n—c-Si/i-a-Si: H iy > ¥ 7¢
fir B 600 ps T R 2 120 ps , B8 H1 S0 B LK, i-a—Si: HO 5§ fif 35 T Ay 8 1 38R B T i 353

1400

1000 |

600 |

Intensity/(a.u.)

200 2

360 I 4(.)0 l 4l40 I 4;30 . 5l20 . séo
Raman shift/cm™!
B2 7R AR TILR N i-a-Si:H 3 & 4 % %
Fig. 2 Raman spectra of i-a=Si: H deposited by different hydrogen dilution ratio
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Fig. 3 The influence of different annealing temperatures on carrier lifetime variation in the structure of i-a-Si:H/n-c-Si/i-a-Si:H
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Fig. 4 Raman spectra of i—a-Si:H film in different annealing temperature
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Fig. 5 Raman spectra of both monolayer and interlayer of amorphous silicon film
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