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The Low-Temperature Formation of Solar Cells with Homo/Hetero-Junctions by a Laser Doping Technique
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A solar cell that combines homo and hetero junctions offers entirely new characteristics.

The purpose of this

study is to demonstrate the potential of such a homo-/hetero-junction solar cell and to prove the possibility of using a

laser doping technique for its production.

Solar cells having an n"BSF layer that was doped with various laser fluence

values were prepared and estimated. And the sheet resistance measurement of the doped layer, the depth profile analy-

sis of the dopant, and the carrier lifetime evaluation of the cells were carried out.

As a result, it was found that a solar

cell with a homo-/hetero-junction can obtain a higher fill factor than a solar cell with a double-sided hetero-junction.

And it was shown that a laser doping technique is effective for the formation of the n"BSF layer.
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Fig. 1 Overview of laser doping experiments.
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Table 1 Common conditions of laser doping experiments

Laser model ROFIN-BAASEL lasertech
Power Line L100 SHG
Wavelength 532 nm
Pulse frequency 10 kHz
Pulse width 100 ns
Beam delivery Fiber optics and scanner head
(Scanner lens =255 mm)
Scan speed 6,000 mm/s
Beam quality Multimode
Beam profile Top flat
Spot size 600 pmx300 pm
Line pitch 300 pm (Overlap 0%)

Table 2 Parameters of laser doping experiments (Including
prototype solar cells with the three conditions indicat-

ed by™)
LD Diode Output Pulse Laser
condition current power energy fluence
No. (%) (W) (mJ) (J/em?)
* 58.0 9.0 0.90 0.50
2% 68.3 18.0 1.80 1.00
3* 81.5 36.0 3.60 2.00
4* 85.0 54.0 5.40 3.00
5% 90.5 72.0 7.20 4.00

LD : Laser doping
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Fig. 2 Fabrication method for the solar cell having the n"BSF
structure with laser doping.
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Fig. 4 Appearance of the laser doped CZ-N substrate.
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Fig. 5 Surfaces of the laser doped CZ-N substrates (Prior to
removal of the dopant layer) .
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Fig. 6 Sheet resistance of the doped layer as a function of the

laser fluence.
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Fig. 7 Depth profile of the dopant atom (P).

L—HT7 VLT ART S0 F—=TRBD T — MNEPLE
ZFig. 6 129 . TNED L —HF 7T ¥ X% 0.50~4.00)/
ecm? FTEZLIEIZEST, L= =TS N7n" F—
TREO Y — MEPUEZ 6.8~1.8x10°Q/o OHEIPHCTHIM T X
LI ENbhrol, ZOHH, 3.0~4.0Jcm? DE T )V L
VAT LN — MEPUEIX, — R % B dnEekc
L2 F=7Eoy— MRMEE IZIZFASETH), L—W
F—=Y 7B L) BULEE L RSEOEEELHT 5 N —
TRBIERHIEL ZEDTRETH 5.

WIZ, BEL—FI NI RACBITLPOTTATAT 7
AV% Fig. TIIRY. K7 NVZ Y ZADOTHFREMO P ILE
Wl FKRBEBONBSFEE LTEE L WHETE
WCEWT T 7 7 A NVERLTWD. B 7V Y ANk L,
B R—=3y DDYEERT 225, ISR IR O P MK
TLTWwWA, LAaL, @fMWIZnBSF e L TR
RS (~50nm) X DEL, 40)/em®> DL —HF 7V I v A
OBE RS 1 um OMLETS 10" atoms/cc DERE & % >
7o ZOBEMEDLIENIR LTI, FHiNOT 7 AF v —
ARy F 7128 ), REREORERS
UL Lo,

Z 2T, Fig. 6 DfffOME % & o> CTHEHRE L, Fig.7
DHAEFITH 5 P UEEEHS, 102 atoms/ce & 72 AR S & KB

T L —H F— ¥ ¥ FHAIC & B/~ T oA K RO

200
g
§ 150 F E
gmo- o
2 -8
g 50 t ,»'13
S 7
-’00
0 D’ﬁ 1 1 1 1

0.0 1.0 2.0 30 4.0 50

Laser fluence (J/cm?)

(a) Relationship between the laser fluence and conductivity

600

B

wn
<
<

Junction depth (nm)
W
<
<

0 u 1 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0

Laser fuluence (J/cm?)

(b) Relationship between the laser fluence and junction depth

Fig. 8 Conductivity of the doped layer and junction depth with
respect to the laser fluence.
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Table 3 Normalized output characteristics of solar cells having
the n"BSF structure by laser doping

Laser fluence Voc Isc F.F. Pmax
0.50 J/cm? 0.764 0.546 0.643 0.294
2.00 J/cm? 0.786 0.624 0.957 0.471
4.00 J/cm? 0.789 0.595 0.880 0.412

Ref. 1.000 1.000 1.000 1.000
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Fig. 9 Carrier lifetime of the laser doped CZ-N substrates
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Fig. 10 External quantum efficiency of solar cells with the
n'BSF structure (corresponding to Table 3).
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Table 4 Change in normalized output characteristics by work-
up of solar cells having the n'BSF structure

Voc Isc F.F. Pmax

Initial 0.797 0.581 0.940 0.474
Anneal 0.824 0.744 1.167 0.684
Anneal & Thick Ag 0.823 0.767 1.174 0.684
Ref. 1.000 1.000 1.000 1.000

Anneal : 150°C-2 h, Thick Ag: 100 — 300 nm
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Fig. 11 Preparation method of solar cells with the n"BSF

structure by PSG dopant source.
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Table 5 Example of tables

Voc Isc FF. Pmax

PSG 0.786 0.624 0.957 0.471
PSG & Anneal 0.864 1.000 1.075 0.941
Ref. 1.000 1.000 1.000 1.000

Anneal : 150°C-2 h
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Fig. 12 Relationship between normalized Voc and laser flu-
ence in solar cells with the n"BSF structure by PSG
dopant source.
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