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ABSTRACT Inssilicon solar cells, the doping process is performed to form a Back Surface Field (BSF) layer and is followed by many
other processes. In this study, phosphorus doped a-Si:H doped at a high concentration in the tunnel oxide layer was crystallized
through furnace annealing and Excimer Laser Annealing (ELA), in order to apply it to the Polycrystalline (Poly) - BSF layer in the
Tunnel Oxide Passivated Contact (TOPCon) structure. In the excimer laser annealing fabrication process, an XeCl excimer laser with
a wavelength of 308 nm was used, and the thickness of the a-Si layer and energy density of the laser were varied from 20 to 40 nm and
from 390 to 450 mJ/cm’, respectively. The highest carrier lifetime and implied Voc were found to be 588 s and 697 mV, respectively,
at an a-Si thickness of 20 nm and energy density of the laser of 450 mJ/cm”. The TOPCon cell was fabricated using wet oxidation and
plasma oxidation. Its efficiency and FF were found to be higher when fabricated using the wet process, with values of 19.41% and
74.8%, respectively, while its Voc and Jsc values were higher when it was fabricated using plasma oxidation, with values of 41.04
mJ/cm” and 644 mV, respectively. Therefore, if the conditions providing for a high implied Voc and carrier lifetime and sufficient
crystallization were found, the efficiency of n-type TOPCon solar cells could be increased.
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Fig. 1. Prevention of EHP recombination through selective
collection of electron

%3 Quantum—tunneling EI}2 Q13| HALe] AE)Z 4=
ol 7hs3te] ¢ A/dw EHPY QA WAIE T 'Y

A9 &g gFdol 7]ofgltt,
Fraunhofer ISEX A= boron doped selective
emitter, =HoJl:= tunnel oxide passivationS Z-83t

4em’F7) 0] A& 24 9%2] FLT}F 718mV e VocE GAI8H
A,

FLoll= " ASPES o] 831 HAke] Aeiz] 4=
olg} Transition Metal Oxide(TMO)E o] 83k A2

HEE 7] @ ] ol 2ol 9ot o] 34
ol 47 Aol eleriAle] gatehn e W
of 9Jgt carrier lifetime®] A1} EjQFAR| 9] G838

of & 71E & o= ke

H
F
H
g

Fig. 2. Conventional structure of TOPCon solar cell
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Table 1. Efficiency data of TOPCon solar cell
Passivation Layer Jso Voc FF Eff
(Rear side) (mAa/em®) | (mV) (%) (%)
Chemical SiOx
40,94 633 74.8 19.41
(best of 36 cells) ) : :
Plasma SiOx
41,04 644 72.9 19.25
(best of 36 cells) ’ : :

& o|g3lo] A|ZEE TOPCon cell?] i1 &8 ZAufolct,
Jsc®} Voot plasma oxidations ©|-83F Alo] Y =7 &
A= A SHET A5 chemical oxidation < 0]
3 cello] U %7 2L, ol Mo R chemical &
o] F-7o| et PAE= oxide layer?] EAJS 24T
1 HH o) 24S H3slo] axte] s T 5= 9

=2 T10 [e]
& Aot

-

-

Z4
=

>
[

. A ILof| A= tunnel oxide passivatione ©]-&3F A
2 B x|l sl Al&steict. BSF layero] AA3H=
93}l furnace annealing®} XeCl excimer laser annealing
2 0] 835199tk Raman peak+ 520nmol|42] peak”} 2
Ao=E Uehf=t] FA= 900C, 904 =404 7 =
< raman peakE UERRITE, iAoz A2 =7t =
At Alzto] A ARSHeT} #& A DT 5 AU
T} ELAE a—SitH %7 20nm, oA W= 430mJ/cm’d]
A 588us, 69TmVE] 7FE =2 carrier lifetimeX} implied
Vo7t 578 E3Ath poly—Si&| 577t gF&5, laser?)
oulA] WEs} Bers o e Sx0] At bk
th2-© 2 tunnel oxide A% B2 plasma oxidation¥}
wet oxidation & 7FA|E v|aEke] TOPCon EjFAAE
A=t Jsc@F Voo plasma oxidation©], FFQ} &
242t o] 2 AT Lebi, o
£ Btz 2H3te 2743} HHolu oxidation S
Z-83lo] TOPCon EFAAE AIRRIHH =& carrier
lifetime} implied VocE &8l 1LA-&2] B{FHAAIE A2t
o & Aole} wekEch

£-2 wet oxidation ©]

8 AXHHoIAX]

0

AR 2

H 974No, 20153030012590)+= AFRAEAIALE(MOTIE)
o} 920U 27| 4871 UKETEP) 2] X9 Wo 4345
A7 T,

References

[1] 1. E. Agency (2014). Key world energy statistics.
[2] Chen, C. W. (2016). Low cost high efficiency screen

(3]

[4]

[5]

[6]

(7]

(8]

(9]

printed solar cells on Cz and epitaxial silicon (Doctoral
dissertation, Georgia Institute of Technology).

Parida, B., Iniyan, S., and Goic, R. (2011). A review of
solar photovoltaic technologies. Renewable and sustainable
energy reviews, 15(3), 1625-1636.

Green, M. A., Emery, K., Hishikawa, Y., Warta, W. &
Dunlop, E. D. (2015). Solar cell efficiency tables (Version
45).23(1), 1-9.vol. 22, pp. 1-9, 2014.

Zhao, J., Wang, A., Green, M. A. & Ferrazza, F. (1998).
19.8% efficient “honeycomb” textured multicrystalline
and 24.4% monocrystalline silicon solar cells. Applied
Physics Letters, 73(14), 1991-1993.

Aoki, T. Matsushita, T. Yamoto, H. Hayashi, H.
Okayama, M. & Kawana, Y. (1975, January). Oxygen-
doped polycrystalline silicon films applied to surface
passivation. In Journal of the Electrochemical Society
(Vol. 122, No. 3, pp. C82-C82). 10 SOUTH MAIN
STREET, PENNINGTON, NJ 08534: ELECTROCHEMICAL
SOC INC.

Yablonovitch, E., Gmitter, T., Swanson, R. M. & Kwark,
Y. H. (1985). A 720 mV open circuit voltage SiO x: ¢-
Si: SiO x double heterostructure solar cell. Applied
Physics Letters, 47(11), 1211-1213.

Richter, Armin, Martin Hermle, and Stefan W. Glunz.
“Reassessment of the limiting efficiency for crystalline
silicon solar cells.” IEEE Journal of Photovoltaics 3.4
(2013): 1184-1191.

Y.J. Kim, S. B. Kim, Y. K. Kim, Y.H. Cho, C. K. Park
and J. S. Yi. (2017). A Study on the Selective Hole
Carrier Extraction Layer for Application of Amorphous/

crystalline Silicon Heterojunction Solar Cell. Journal of



KIEEME, 30(3), 192-197.

[10] Feldmann, F. Bivour, M. Reichel, C., Hermle, M. &
Glunz, S. W. (2013). A passivated rear contact for
high-efficiency n-type silicon solar cells enabling high
Vocs and FF> 82%. In 28th European PV solar energy
conference and exhibition.

[11] Kawamoto, N., Matsuo, N., Abe, H., Anwar, F., Hasegawa,
1., Yamano, K. & Hamada, H. (2004). Effect of hydrogen
and thermal conductivity on nucleation of polycrystalline

Si by excimer laser annealing. Japanese journal of

applied physics, 43(1R), 293.

[12] M. H. Jeon, J. Y. Kang, C. M. Park, J. S. Song and J.
S. Yi. (2016). A Review on Silicon Oxide Sureface
Passivation for High Efficiency Crystalline Silicon
Solar CellJournal of KIEEME, 29(6), 321-326.

[13] R.W. Collins, A.S. Ferlauto, G.M. Ferreira, C. Chen, J.
Koh, R.J. Koval, Y. Lee, J.M. Pearce, and C. R. Wronski
(2003). Solar Energy Materials and Solar Cells, 78(1-4),
pp- 143-1380.

2017. 9 Vol.13, No.3 9



	선택적 캐리어 수집을 위한 터널 산화막을 이용한 결정질 실리콘 태양전지
	ABSTRACT
	1. 서론
	2. 실험 방법
	3. 결과 및 고찰
	4. 결론
	References


