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RESEARCH CENTER JUELICH @) JULICH
_____ Finance

Budget: 550 Mio. € + Staff: 5.800 + 2.100 articles/year
Third Party: ~ 190 Mio. € + >890 PhD students
W ol ,%

Research Area

* Energy and Climate ﬁ HELMHOLTZ { GKSS
* Information and Brain [ MDC
+ Key technologies
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IEK-5 PHOTOVOLTAICS 9 JULICH

Forschungszentrum

Research groups: 6
Staff: ~100
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MOTIVATION SHJ 9 JULICH
Silicon thin-film ,DNA" at IEK-5

Silicon thin-film Silicon heterojunction
Si thin-films solar cell solar cell
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Key expertise is application of novel material and process in SHJ solar cells




SHJ (c-Si) GROUP IJ JULICH

Forschungszentrum

Main collaborator for c-Si activities

= Establishing a baseline for
industrial sized (156 x 156 mm?)
SHJ solar cells

» Establishing a baseline for silicon
solar modules for vehicle
integrated PV

» Establishing a process and
characterization standard for
passivated contact solar cells

= Application of silicon alloys and
HWCVD processes in SHJ solar
cells
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DEVICE TYPE UJ JULICH
,Rear emitter M2 size SHJ solar cell

Metal = pc-Si:H and pc-SiOx:H etc.
TCO

FSF -
Buffer = WO, ITIO, AZO etc.

Si Wafer = Smartwire

» Thin wafers (<40 pum)
Buffer
Emitter

TCO

Metal

= Pero-Si-Tandem
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SILICON HETEROJUNCTION BASELINE ‘J JULICH
For industrial sized SHJ solar cells
[ — Wafer [  silicon [ o Tco [ < silver screen [ 0 cel )
O pretreatment 0 deposition Q- sputtering Q- printing Q- characterization
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SILICON HETEROJUNCTION BASELINE IJ JULICH
For industrial sized SHJ solar cells
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= High solar cell efficiency

= Reproducible and homogeneous process
= High throughput

= Fast feed back
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Current density [mA/cm?]
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. Industrlal scalable tools
= Established platforms 10} 78.8 21.4
—> Test materials and processes for n > 25% ob— .
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NANOCRYSTALLINE SILICON OXIDE ‘J JULICH

Forschungszentrum

Transparent and conductive window layer

1 M 1 v L] M L] v ]

1 %
= 10 ¥ this work
s B
©° 10 ulr |
39, sfs K2 & |
c @‘ 10 f A JO*.t t*ﬂtl_ambenzzoﬂ |
8 a , 5 [Matsumoto2008 >e \
v b 1 0- DlngEU1%* | 8
© b }’- N < _**
o 10 * Tan2015.*.. DeIIlVenen2013’**
L N 1 R 1 R L , "

18 20 22 24 26
optical band gap E , [eV]

» Deposited by PECVD, both n- and p-type possible
» Industrial compatible/transferable process
» Fully compatible with SHJ solar cell technology

elmiled

A. Richter, et.al. (2017) Sol. Energy Mater. Sol. Cells, 174, 196-201.
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NANOCRYSTALLINE SILICON OXIDE 9 JULICH
Good uniformity of material properties
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VEHICLE INTEGRATED PV UJ JULICH
SHJ solar cell for integration in automobile industry

New aspects on cell requirement:
» High demand on aesthetics
= Flexibility in cell size required
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MICROCRYSTALLINE SILCON CARBIDE UJ JULICH
Transparent and low-T passivated contact
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pc-SiC:H(n)
SiO, tunnel = Deposited by HWCVD

oxide = Low-T process compatible with SHJ

= Highly transparent SiO,/SiC stack

-Si:H(i)/a-Si:H( i i I .
a-Si:H(i)/a-Si:H(p = High passivation quality

TCO

M. Pomaska, et.al. (2015) Thin Solid Films, 595, 217-220.




TRANSPARENT PASSIVATED CONTACT ‘J JULICH

Forschungszentrum

ITO-70nm ] _ _ _

uc-SiC:H(n) uc-SiC:H(n)/SiO, passivation

Si0,-1.2nm deteriorated during ITO sputtering
=2 IV, limited

a-Si:H(i) - 10 nm 2 ‘Jsc decreased

uc-SiO:H(p) - 50 nm
ITO-70 nm
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POLY-SI PASSIVATED CONTACT 9 JULICH
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Forschungszentrum

P rocess Chal n . ﬁ International Solar Energy
Research Center Konstanz

growth of ca. 1.5 nm tunnel oxide
HWCVD n-doped layer (Si, SiO SiC)
furnace anneal @ 800-900 °C
deposition of ca. 80 nm SiN, layer
Screen print Ag-contacts

fire contacts @ 850 °C



CHARACTERIZATION JOSEPH UJ JULICH
Understanding the passivated contact

AFM/KPFM/STM
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SUMMARY IJ JULICH
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= Research Center Julich works on SHJ and Pass. Con.

= Key expertise is thin-film materials and processes for SHJ

Industrial sized processes

= Unigue Si-alloy materials and HWCVD processes
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CATALYTIC DOPING 9 JULICH
Post deposition treatment for SHJ solar cell

heater | | = |ncrease in P doping (ECV, SIMS)
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. Goqd synergy by combining cat- % . H atoms passivation
doplng and SHJ technology - 3. Field effect passivation

. “ . 102 L
Post deposition treatment to . y PH,

engineer the thin-films and the Process Gas
interfaces Y. Liu, et.al., (2017) Thin Solid Films, 635, 63—65.
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DIFFUSION OF PHOSPHORUS 9 JULICH
Doping mechanism and application in cell
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