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Heterojunction history vs standard solar cells
HJT vs diffused cells

Process flow: what is different?

Challenges of heterojunctions solar cells
...and diffused cells

Costs?

Towards HET-IBC: does it makes sense?
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Homojunction technology Heterojunction technology
1954: Bell Labs announces the invention of the first 1974: Fuhs et al,, first a-Si:H/c-Si heterostructures
practical silicon solar cell : 6% efficiency <> W. Fuhs, K. Niemann and J. Stuke, ATP Conf, Proc. 20, 345
(1974).
D. M. Chapin, C. S. Fuller, and G. L. Pearson (Ma
1954). Journal of Applied Physics 25 (5): a7e—<(s77y 20 years 1983: Honeymoon cell a-Si:H/poly cell by Hamakawa

Y. Hamakawa, K. Fujimoto, K. Okuda, Y. Kashima, S.
Nonomura and H. Okamoto, Appl. Phys. Lett. 43, 644

1960:Hoffman Electronics : 14% efficiency (1983).
1984: Sanyo : 12% efficiency cell using the HJ concept

1985: University of New South Wales :20% . . Py Lt 45 453 1w,
effiCiency 8 o ' " SANYO HIT* Solar Cell Structure
( nierence, Kyolo, Japan, 1990, p. 689. p-type/i-type
7 phous siicon layer)
) . 15 years 1990’s: HIT structure by Sanyo s <t
2000: University of New South Wales : 25% Bt el
efficiency (4cm?) R oo

14.5% efficiency = Introduction of an intrinsic layer to passivate the emitter
[2] M.A. Green. Prog. Photovolt. Res. Appl., 17-3, 183-189 (2009)

18% efficiency and record Voc = BSF with amorphous silicon

2000: 20% efficiency on large area (100cm?) by Sanyo

2014: 24.7% efficiency on large area (Sanyo)
But...

2014: Sunpower 25% IBC vs Panasonic IBC-HET 25.7%
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HJT : High Voc vs
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HJT VS DIFFUSSED CELLS

PROCESS FLOW: what is different?

Industrial N-type PERT process (@ INES) Industrial N-type HIT process (@ INES)
i KOH texturing ) KOH saw damma-ge removal
. ) & texturing
Front Boron _
L diffusion ) Cleaning & HF
" Back Phosphorous | Front a-Si:H layers PECVD
. diffusion ) deposition
e D \\5 i
Thermal oxydation \\,‘0, Back a-Si:H Iaygrs PECVD
. ) Y\'\% deposition
Front & Back SiN ) Front & Back TCO
Front & Back SP Front & Back SP
Firing "
\ J \\ l: "
=» No common steps, no common approaches, ,Vf

=» limited common « know-how » 3
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Material criticity for high Voc

Need of very high quality materials (T, >3ms)
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Wafers cost = between 30 and 50% of cell cost for
heterojunction technology when using Cz wafers



Material criticity for high Voc AND lower costs

26% cells have

potential to achieve
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10} Compatible with HJT technology
_— ® MCz 367 Q.cm
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E ® MCz10.1Q.cm
~ 1} ® MCz6.50Q.cm
% ® MCz4.4Qcm
14 ® MCz12q. H H H
A Effective lifetime demonstrated
® FZ reference 3 Q.cm
® High quality Cz wafer 3.7 Q.cm over 3 ms @ loe 1 5
0.1}
13 14 - 15 16 17
10 10 10 & 10 10
An (cm ) J. Veirman et al., Mapping of oxygen-related defects in silicon for high efficiency solar cells : application to the prediction of LID losses, proceeding of the 28th PVSEC (2013)

F.Jay et al., Exclusively thermal donor-doped Cz wafers for high resistivity efficiency heterojunction solar cells, Energy Procedia, 55, 533-538 (2014)
F.Jay et al., >10ms carrier lifetimes on thermal donor-doped Cz wafers: application to heterojunction solar cells, proceeding of the 29th PVSEC(2014)
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Material criticity for high Voc AND lower costs

Use of thin wafers compatible with low temperature processes (improve Voc)

225 q

Fig. 8
200 Predicted trend far
175 4 minimum as-cut wafer
150 thickness in mass
production of solar
'E 125 4 cells and minimum cedf
= 100 4 thickness in module
75 4 manufaciuring.
50 4
25 4
]
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—— Avg. wafer thickness mult + mono
== Minimum wafer thickness
Maximurm wafer thickness
== Limit of cell thickness in current module technology
—#— Limit of cell thickness in alternative module technology
_—

> . ; : Possibility of
Integration on process manufacturing double cost

= reductions
=>» Absorption improvement in the IR region (€/W)
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Material criticity: Silver consumption in screen-printing pastes for high

efficiencies
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——Silver per cell # Plating in production
technology mg Ag /cell
front side 110
standard HJT cells bifacial 300
smart-wire HJT cells frqnt S.Ide 20 . .
bifacial 50 specially bifacial cells
standard diffused cells frqnt S.Ide 90
bifacial 180 .
—— = =>» Integration of SW technology
smart-wire diffused cells bitacial 30 =>» Patterning + Cu plating

Fig. 9

Proportion of silver per cell
(156x156 mme) and the
predicted share of different
mefallization fechnologies
in the cell pracess. (Color
cading refers fo silver
reduction).

Big challenge for HIT technology to reduce silver
consumption in the next years to be cost competitive

85% Ag content in the paste
Source: INES




Ceatech | AND DIFFUSED CELLS

1. High temperature steps on material:
=>» Oi behavior?
=>» compatibility with thin wafers?
=>» equipment contamination?

2. How to reach high Voc?

a/ Lowly doped regions

- Compatibility of screen-printing with low-doping profiles?
b/ recombination at metal/SC interface (JOmet)

=>» Plating?

=>» passivated contacts?

=>» New generation of pastes

If high Voc: same constraints as HIT for silicon material (high lifetime>3ms!)

3. And decrease Silver consumption, of course!
—> Less limited than HTJ



Ceatech AND WHAT ABOUT FE?

Both technologies deal with:

* |mprovement on series resistance

* Improvement on pFF: edge isolation

* Production issues impacting FF (handling, wet treatments...)

&

e Continuous cost reduction

* Reliability: no LID, no degradation



Ceattech cosTs?

Diffused cells HJT cells
material + (not forget mc-Si& ML ++
compatibility)
process + +
Metallization Ag ++ +++
Smart-wire + +
Cu plating ++ +
Module monofacial PERT + +
Module bifacial PERC + +

* Process HTJ cells costs are similar to n-type diffused cells except for material
quality & standard BB metallization

 SW & Plating are good reduction cost vectors for HJT technology

* Bifacial module integration is a joker for both technologies

Production costs (CaPex, Opex) are driven by production capacity
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World record silicon solar cells > 25% efficiency

c-Si substrate

~ “Sle— a-SiHlayers

Metallizations

T ey Lo | e |

PANASONIC
(IBC HET 143 41,8 740 82,7 25,6
cm?)
SHARP (IBC
HET 4 cm?) 41,7 736 81,9 25,1

Sunpower (IBC

121 cm?) s 730 83 25,0 23% in production

At the cell level: better short-circuit current & Voc than diffussed junction
FF comparable to diffused junctions

Challenges:

=>» patterning of a-Si:H layers / TCO / metallization with industrial techniques
=>» Full wafer/large area integration

=» what about costs? Will €/W & €/KWh be reasonnable?

=» Too many steps, big impact on costs ( both CaPEX = investments and
OPEX=>» wafer breakage, material)



Ceatech coONCLUSIONS

* N-type diffused cells and heterojunctions are promising technologies
but some challenges still need to be solved (the HERCULES project
addresses some of them!)

e HJT vs diffused cells: No common process steps, no industrial
compatibility

e HIT cells performance and cost strongly depend on material quality.
TD technology can be an innovating option to assure high
performances lowering costs.

* Diffused cells deals with improvements on Voc to reach higher
efficiencies.

* Both technologies deal with production issues in Europe (HERCULES!)



”/
“@lInes

INSTITUT NATIONAL
DE L'ENERGIE SOLAIRE

Thanks to Yannick (n-type diffused team!)
& Pierre-Jean for their help!
Thanks to all the LHET team

Thank you for your attention!




