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Abstract: In this paper, we investigated the electrical properties of crystalline silicon solar cell fabricated with Ni/Cu/Ag

plating. The laser process was used to ablate silicon nitride layer as well as to form the selective emitter. Phosphoric acid layer

was spin-coated to prevent damage caused by laser and formed selective emitter during laser process. As a result, the contact

resistance was decreased by lower sheet resistance in electrode region. Low sheet resistance was obtained by increasing laser

current, but efficiency and open circuit voltage were decreased by damage on the wafer surface. KOH treatment was used to

remove the laser damage on the silicon surface prior to metalization of the front electrode by Ni/Cu/Ag plating. Ni and Cu were

plated for each 4 minutes and 16 minutes and very thin layer of Ag with 1 4m thickness was plated onto Ni/Cu electrode for 30

seconds to prevent oxidation of the electrode. The silicon solar cells with KOH treatment showed the 0.2% improved

efficiency compared to those without treatment.
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Fig. 1. Fabrication procedure for solar cell.
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Table 1. Laser process with change of current.

Wavelength Current Hertz
(nm) (A) (kHz)
29
30
532 31 60 300
32
33

Speed (mm/s)
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Table 2. Ni/Cu/Ag plating condition.

Table 3. Lifetime and Jo. with change of spin speed.

Plat(irl;%nt)ime Temperature (°C) pH Spin speed Lifetime Toe .
(1pm) ) (fA/em’)
Ni 4 32 8.5~9.5 1,000 114 95
Cu 16 31 0 2,000 138 92
3,000 137 88
Ag 0.5 25 12.0~12.5 4,000 138 98
—=— Without Laser doping
- - —e— With Laser doping
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Fig. 2. iV, with change of spin speed.
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Fig. 3. SIMS profile after laser doping.

Ve B PRt 220 Wt 5ol ol

A7 A (1) Zo] Yepdct [5].

Implied V., Eln( n]\27A ) (1)
nl

A (Dol Ny A2} 2 71%0] &7 555, ngh

2 opgrte]o] A% WAL 5 E 121 i 51
TS UERdT o] o QIS FAof et = w et
ch2ctel nN, 3] et miRo] iVegto] Zep Zlojck.
lﬂiur 3 200MAT QLSO 28 £ =0 iVee 9] ¥
SHFE 19~21 mVE 2 Apo]7} Q= 718 &It

HJ#K} P2 12y 24 542 1A £ 1,000 rpm
= A9stils A 38 Lo T2} A vt e
WAk Vot Ao YRS WA} 2% E3 2,000
rpm o]/\Poﬂ/\-] = Ato]7t gl 7o 2 "ot 2,000 rpm

rﬂ: F\O
=

op 2
ok
- L=

o] Atof|Al= Q1AFE O] ZA7T oA = ZA o] = Ag3F
2 57 %,P% 7oz WMok, 3,000 rpmof| A Joegtol

IOl ZHDRUE oot £

of [6.7], BE AAY 457}
! 2 grol Holxl7] ujeo

3,000 rpmo] M e £219S HASATE

IMS Zut5 Eo{31 Q)

CF. SIMS 57 2k 2ol £ oA 22 o} £

=)
)
ol H:I
o
A
Julo =



A7) AAA 583 = A, A297 A6 pp. 370-375, 20169 69:

(mv)

/

610

Laser current (A)

Fig. 4. V,. with change of laser current.

Fig. 5. Surface SEM image after laser doping.
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Fig. 6. Lifetime and iV, with change of KOH treatment.

Fig. 7. Surface SEM image after KOH treatment.
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Table 4. Electrical properties of solar cells.
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Fig. 8. Line-scan of Ni/Cu/Ag electrode.
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