Contact firing reactions for front-side Ag and backside Al
metallization of crystalline Si solar cells
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Price Trend for mc-Si modules

Spot pricing [USD / Wp]
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e of c-Si solar cells

SILICON CRYSTAL. WAFER CELL MODULE SYSTEM
Alumi Front
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ufacturing process

Wafers Etching Phosphorus diffusion Remove phosphorus glass
(to form the texture) (to form p-n junctions)

External Inspection/ Co-firing Screen printing
Output classification (to form electrodes)

The finished products
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ufacturing process

metal finger front contact
passivation & antireflection

diffused electron contact

diffused hole contact

metal back contact & reflector
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Metallization

rear metal contact

metal
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Screen printing
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Aposition of Ag pastes

10Si02-30B203-xBi203-(60-x)Zn0O

Dsp = 1um
Glass frit
(3 wt%)
D.-O‘l 01 1 " 10 1(;0 10IOO 100-30 Organic
e vehicle (12
wit%)
2-(2-Butoxyethoxy)ethyl acetate (DBAC) ipt\

+Ethyl cellulose (EC).... ‘Qa@ 2 H% /a\ ‘f\ '!%.“
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iIre-through process

e silver o glass

Ag grains

/ glass
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» Lead-free glass frit compositions are selected to replace Pb-based glass frits.

» The research is aimed to find the interface between Ag paste and SiN/Si, which in turn
to help achieving good screen printed contacts.

» To develop a rapid, optimized firing process for Ag pastes to achieve high-quality
contacts.
Ag paste

Bi,O, W PbO

SiN
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Arough mechanism

Ag particles Ag-Pb alloying

Si Si

Sintered, solidified, Ag finger

Ag

) Saturated Ag+
precipitates

Deposited
Ag

> 2PbO + SiN, — 2Pb + Si0; + > N,.

> 2Ag,0 + SiN, — 4Ag +Si0, + >N,

J. D. Fields et. al., “The formation mechanism for
printed silver-contacts for silicon solar cells,” Nature
Comm. 7, 11143 (2016).
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amic consideration

10Si02-30B203-xBi>03-(60-x)ZnO

M,0, + %Si3N4 - xM + %SiOz + % N, at 850°C
Binary oxide (M,.0,)) AG (KJ/mol) Binary oxide (M,.0,) AG (KJ/mol)
TiO, +151.0 Bi, O, -612.8
MgO +186.2 PbO -186.0
CaO +225.6 TeO, -459.5
Al,O, +442.7 Sno -108.8(727°C)
BaO +147.4 SnO, -237.7
B,O, +116.0 V,0, -381.1
Sio, +362.8 P,O. -482.8
Zn0 -57.7

G B & Rl £ %

NATIONAL UNITED UNIVERSITY



of the glass system

10Si02-30B203-xBi203-(60-x)Zn0 » SiO, and B,0, are glass forming
oxide.
SiO2 B203 Bi20Os ZnO

10 30 0 60 » Zn0 decreases the glass transition

10 30 10 50 temperature and increases the glass
forming range.

10 30 20 40

10 30 30 30 > Bi,0; significantly decreases the glass

10 30 40 20 transition temperature, and makes

10 30 50 10 more reactive with SiN.
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Al of the glass system

» The molar ratio of B,0O, to SiO, of

0.12 0.04 ™
3:1 has the largest Ag solubility.
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gerimental procedure

1. Phosphorus implant to make p-n junction.

2. Chemical vapor deposition of SiN:H
antireflection coatings.

adadadddield

3. E-beam deposition of aluminum coatings. SiN

4. Screen printing of Ag pastes.
Al
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lon implantation
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Processing ramp

850°C
8s

40°C/s

200°C

8s
40°C/s
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DSC & TGA

100 0 » The TGA curve shows two-step
— Weight (%) e 0 .
o5 | — Heat flow decomposition of organic vehicles
from 200°C to 300°C.
96
-1 ’g‘.,
r =
o 92{ 4— [ 2
2 5
90 1 27
88
-
86

100 200 300 400 500 600 700 800 900 1000
Temperature (°C)

§§@£M@ﬁ%

NATIONAL UNITED UNIVERSITY



w

Glass frits
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d-spacing (A)
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Intensity (arbs. units)

20 30 40 50 60 70 80

Two theta (degree)

The XRD patterns show broad diffuse scattering
instead of sharp crystalline peaks, suggesting a
short range order characteristics of amorphous
glassy phase.
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Density (g/cm?3)

—@— Density

—©— Molar volume
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and molar volume

The density increases with increasing
Bi,O5; molar ratio.

The molar volume also increases as
the Bi,O; molar ratio increases.
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. Thermal properties

» The glass transition temperature (Tg)

10

~@- Glass transition temperature and dilatometric softening point (Td)
-©— CTE 0 g o 0
550 1 5 decrease with increasing Bi,O; molar
ratio.
' 500 - e 8
5 ; T » In contrast, the coefficient of thermal
© N .
5 = expansion (CTE) decreases with
o ju . : . .
E 450 1 6 O increasing Bi,O; molar ratio.
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Intensity (arbs. units)

135 —— 0 mol% Bi,03
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Wavenumber (cm™1)

Band position

Assignment Reference
(em)
B-O- vibrations occurring in a large borate network and not to a
1200-1600 [30]
specific group
1450-1550 B-0O- stretching vibrations in planar metaborate groups [31]
1200-1300 B-0O- stretching vibrations in pyroborate groups [31, 32]
Si-O- stretching vibration in tetrahedra [SiOg] units with two
1031 [33]
NBO (Q2)
Si-0O- stretching vibration in tetrahedra [SiOg] units with three
942 33
NBO (QY) 2]
895954 B—O- stretching vibrations in orthoborate groups [30, 31, 34]
825-850 B-O stretching vibrations in pyroborate groups [30,32, 34]
Synmunetric breathing vibrations of triborate, tetraborate and
770785 [34, 35]
pentaborate groups (six-membered ring)
697-735 B-O stretching vibrations of metaborate chains [31, 35]
600-650 Synunetric breathing vibrations of metaborate rings [32, 35]
572 Stretching vibrations of Bi—O~ bonds in octahedral [BiOs] units [36, 37]
399-405 Stretching vibrations of Bi-O-Bi bonds in octahedral [BiOg] units. [32, 36]
200-250 Zn—0O-Z7n bending vibrations in tetrahedral [ZnOy4] units [32]
130-145 Bi** cations within the glass matrix [37]
84-88 Temperature-weighted density of states arising from low-lying -
38

optic modes as well as higher-lying acoustic modes
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nterface structure

200 nm
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* Fire-through process
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SiOx + Ag precipitates
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d EDS mapping

10Si02-30B203-40Bi203-20Zn0O







Ng and Ag precipitates




Reaction

402~ + 2SiN,, - 2Si0, + xN, T +8e~

AgT+e” > Ag

4Ag*t + 20%” + Si > 4Ag + SiO,
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frent-voltage curve
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Conclusion |

O The glass becomes depolymerized with addition of Bi,O..
O The electrochemical model can explain the formation mechanism of Ag/Si contact.

O Low Ty glass exhibits low viscosity and open structure that facilitate the transport of Ag*
and 0%~ ions, which is also a crucial factor for the formation of inverted Ag pyramids.

O Phase separation of a bismuthate-rich and a silicate-rich phase appears in part of the
glass phase. It may originate from the dissolution of Si** ions into the glass during the
firing process.

O The SiO,-B,0,-Bi,0,-Zn0 glasses with high Bi,O, content exhibit;;gg Ag solubility.
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