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Abstract

In recent years, the demand of solar cells inceeas¢he world, which causes the
deficiency of silicon feedstock and therefore makas cost of silicon raw material
remain high. To stabilize both the output and theepof solar cells, the industry of solar
cells has changed its production direction to fiim-solar cells. To lower the cost of
solar cells, a device fabrication process basedhenupgraded metallurgical silicon
(UMG-Si) solar cells has been developéd.this study, low-cost UMG-Si and CZ-Si
wafers have been used as the substrates to mamefasular cells. Prior to device
fabrication process, harmful impurities contained UMG-Si substrates have been
removed by phosphorus diffusion gettering. The pbhaitaic conversion efficiency can
achieve over 10 % for UMG-Si solar cell. Then weakt aluminum oxide on the rear of
the substrate by MOCVD (Metal Organic Chemical \fapeposition), the photovoltaic
conversion efficiency was enhanced by the PERLgiRated Emitter, Rrear Locally
diffused) technology. The result that a high cosiwmr efficiency of 13.57 % was

obtained for UMG-Si solar cell can be presentethenpresent study.
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Voc (V) | Isc(mA) | Pm(mW)| FF(%) Eff(%)

* # PERL| 0.559377 29.14992 10.4419| 0.64038| 10.4419

PERL on
31.34802 0.612375 13.57302 0.707048 13.57302
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5- Isc (MA) voc (V) Pm (MW) ' Eff(%)
_AI203-010 31.25558611 0.607328556 12.99920833 0.684738667 12.99920833
Al203-010-L2 31.34802 0.612375 13.573016 . 13.573016
04
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Sample

NO.282
NO.278
NO.280
NO.277
NO.275
NO.276

% = 450CT™ % fpyn & chend 1L 4858 9% lifetime
TMA Tdep 02flowrate Original — After Original
(um/mole) (OC) (c.c/min) (us)  annealing  Seffmax
(ls) (cm/s)
10 450 45 51308  629.25 65.779
10 450 77 9764 130834  34.566
10 450 101 52206 59242 64.648
10 450 114 54308  6l64 62.146
10 450 129.5 55798 64891 60.486
10 450 152 45646  584.12 73.939
Annealing Condition * 400°C 10mins forming gas (H2 10% -~ N2 90%)
1400 7 TMA:10 pm/mole
9 1200 A T=450C
]
£ 1000 -
o
= 800 -
600 =
400 -+ — |
45 77 101 114 129.5 152
02 flow rate (c.c/min)

After
annealing
Seff max

(cm/s)
53.635
25.796
56.97
54.753
5201
57.597
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NO.285
NO.277
NO.283
NO.284
NO.286
NO.287

r AR 7 RERT 0 (L 48E Y lifetime

TMA Tdep O2flowrate Original  After QOriginal
(um/mole) (OC) (c.c/min) (us)  annealing  Seffmax
(1s) (cm/s)
10 430 114 863.12 122297  39.103
10 450 114 543.08  616.04 62.14
10 475 114 158.67 14656  212.706
10 500 114 155.08  194.87  217.742
10 525 114 83.27 92.31 405.308
10 550 114 14971 167.02 225451
Annealing Condition : 400°C 10mins forming gas (H2 10% ~ N2 90%)
— 1400 -
Q 1000 -
E o
)
L 600 -
— 400 -
200 +
0 L . . _ ; : _
430 450 475 500 525 550
Tdep(C)

g]_l.

After
annealing
Seff max

(cm/s)
27,597
54.753
230.281
173.192
365.665
202,072

AR 2 RIER T e 1 4R E A lifetime 7+ R B
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Sample  TMA Tdep  H2Oflow Original  After  Original  After

X}

% 350C ™ 7 Py & crkeng L 48 5% 7% lifetime

(um/mole) ~ (T) rate (us)  annealing Smaxeff annealing
(c.c/min) (us)  (cmfs) Smaxeff difference
(cms)

NO.355 19 350 25 150455 91234 22432 36993 /6l88
NO.356 19 350 30 17628 1039.138 191457 32479  863.03
NO.252 19 350 325 203.054 1278304 166212 26402 107525
NO.263 19 350 35 185337 1915271 182101 17622 1729.934

NO.354 19 350 40 154,69  835.089 218179 40415 680.4
Annealing Condition  400°C 10mins forming gas (H2 10% » N2 90%)

2100
1800 A
1500

// \ —&—Original

“5'1200
E
g 900 == After
!"_‘: annealing

600

300

0]
25 30 325 35 40

H20 flow rate (c.c/min)

Bl - 7 350CT % kinE arkei (485 lifetime 7 3, B
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% ng 35c.cHvk 0 A7 R TAE AR R 1 4R lifetime

Sample  TMA Tdep  HZQflow Original ~ After  Original  After

(um/mole) (€] rate (us)  annealing Smax.eff annealing
(c.c/min) (us)  (cm/s)  Smaxeff difference
(cm/s)

NO.362 19 330 35 170959 154272 197416 21877 1371761
NO.363 19 350 35 185337 1915271 182101 17622 1729934
NO.357 19 370 33 203.68 1515306 165701 22273 1311616
NO.359 19 380 3 192649 1296133 175189 26039  1103.434
NO.358 19 390 3 300365 1439013 112363 23454  1138.648
NO.363 19 400 35 121121 22863 278647 147618 107509

NO.367 19 450 35 295912 19279 114054 175061  -67.122

NO.368 19 475 35 201.252 187579 1677 179924  -13.673
Annealing Condition © 400°C 10mins forming gas (H2 10% ~ N2 90%)

2100

1800 A
r —4— Qriginal
1500
—fl— After annealing

1200 \

900 \

600 \

300 A ! =

330 350 370 380 390 400 450 475
Tdep (C)

Lifetime(ps)

B+ = Ji® 35c.cevk 0 7 i ARIE R hE 4R E N lifetime T R R
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