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The reactor size evolution

Mr. Schmitt and Mr. Shojaei
developed 6 generations of
«KAl» PECVD systems for FPD
mass production at Oerlikon
(formerly Unaxis)

1996 - 2005
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1981

«Old» times

Mr. Jacques Schmitt
developed the «Plasma-Box»
RF-PECVD reactor concept for
Large Area Coating

=)

2003 - 2011

Thin film for PV

Oerlikon runs its Solar business
with KAl 1200 (Gen 5) as the
core system for the a-Si thin
film turnkey lines, generating >
900 Mio CHF in revenues
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Company inauguration K ‘/ OCTOPUS Il

The company was founded INDEOtec introduces OCTOPUS Il
for converting new PECVD for PECVD & PVD, for 450 x 350 mm
reactor ideas into reality. substrates or 4 x 6" wafers.
2007
7N\ N\ ( l // 7\ &
2009 - 2010 2016 - 2017
OCTOPUS | OCTOPUS 1Nl
Indeotec develops the The PECVD mass

Octopus | system with production system for
a PECVD RF reactor (_ -\ PV heterojunction cell
for 5" wafers. devices is going to be
/O O\ ready for sale.
2012 ?

INDEOtec unvelils the revolutionary

Classic reactor for RF deposition, Mirror Reactor for RF mode PECVD

allowing low plasma ignition and 2014 thin films, allowing top and bottom
excellent uniformity layers. The OCTOPUS Il system is side deposition.

supplemented with a PVD module for
top and bottom side deposition using
planar or rotary cathodes.

2015
OCTOPUS Ii starts with the PECVD
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.[_E’E mple layout

Pure PECVD configuration for
small production

PECVD and PVD for complete
SHJ deposition cycle

Copyright INDEOtec © 2018 Confidential — Subject to NDA Page 6



SWISS MADE B

INDEOTec"

PLASMA PROCESS EQUIPMENT

l References & Collaboration partners

m I{nawledga Enterprise

I

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

2 CSem

aldlasc Sllall asaln

), dyisillg @glell

= King Abdullah University of
\ Science and Technology

~ Fraunhofer

PHOTOVOLTAIQUE ISE
D'ILE-DE-FRANCE

I NS TITUT

Page 7



& SWISS MADE B

.
Different markets for OCTOPUS MNREQIeS

B

Photo- | " ~ -

voltaics / il
OLED

The Mirror reactor
technology and new
deposition techniques

INDEOtec’s proprietary
Mirror reactor technology
makes OCTOPUS Il the tool

with the highest cell —— improve the quality of
production capacity and the The Mirror reactor encapsulation and TCO
best price-performance technology can increase the layers. Both is instrumental
ratio in the PECVD tool throughput 3-4 times for for OLED lighting
market. roughly the same price as applications.

current available tools.
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The PV Market INDEOTec

K/ Of all Renewable Energy forms Photovoltaics is expected to further grow at a
phenomenal rate. Today’s PV panel production capacity of 130 GW p.a. will
expand to a whopping size ranging from 600 .. 880 GW p.a. by 2035.
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The PV Market INDEOTec

TOP DOWN Installed capacity at this time: 100 GW 120 GW 180 GW 280 GW
100%
——

The graph shows the o
addressable market share 80% 10 % -
for OCTOPUS Il 16 %
70% 22 %
(0]
From 2018 .. 2023 the e 29 %
additional capacity to be
installed is around 36 GW 50%
i total. ) e
INDEOTEC market research e
confirms 21 GW of capacity 20%
demand by 2021.
10%
The Chinese company AAA 0%
expects 50% of the current 2015 2016 2018 2020 2023 2026
cell capac't to be replaced m BSF PERC/PERT/PERL Si-heterojunciton (SHJ) back contact based tandem
ity

by HITin 6 .. 10 years.

Worldwide market share for different cell technologies

L J : Applicable market for
OCTOPUS I
BOTTOM UP The total addressable market for OCTOPUS III until 2023 is 1’600 Mio US $. }
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v" For the PV cell device manufacturing step INDEOTEC offers its
OCTOPUS 1l PECVD thin film deposition tool to market, equipped
with its unique and proprietary Mirror Reactor technology, which

makes the tool the best performer in terms throughput, footprint and
price/performance ratio. INDEOtec forecasts a compound revenue of
> 700 Mio USD until 2025.

REACTOR MIRROR gorrom REACTOR MIRROR ™°

Shower Head Electrode Secondary Electrode

PLASMA '
S ————— PLASMA
e —
Secondary Electrode Shower Head Electrode
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HJT Landscape

| Best of the Best from Japan

Copyright INDEOtec © 2018

=

| 827

25.2

PC+E

;’.%Passivaled contact, BC: Back contact

827 | 256 |HJ+BOM
| 84.9 | 267 | HJ+BE
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HJT Landscape

[Summary of Performance
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28.00 28.00 28.00
[ HIT< 100 cm2 - -
L O HJT > 100 cm2
26.00 | ®BIF>100cm2 o 26.00 o 26.00 | o
[| A 1BC< 100 cm2 A I A I A
[ A 1BC> 100 cm2 A D ADDD g@ - a5 ] AAA
22400 [L#INDEOtec ) R 2400 . ) R 2400 ) .
> 3 ® > ° >
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I By - I = ] I Ny =
= % =
e O O
7000  73.00 7600  79.00  82.00  85.00 660 680 700 720 740 760 35.00 37.00 39.00 41.00 43.00
FF (%) Voc (mV) Jsc (mA/cm2)
. HIJT cells :

Champions: > 26% reported for IBC with Cu plating!
Few labs >23% on full cell area with screen printing!
Few fabs > 22.5% on full area with screen-printing!
Bi-faciality is so easy to integrate!

Rather simple manufacturing steps!

Copyright INDEOtec © 2018
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The Product INDEOfec

/

INDEOtec manufactures high-end thin film
deposition equipment named

OCTOPUS 1III

for the manufacture of high-efficiency
(Heterojunction) silicon PV cells.

A\

\

OCTOPUS III is using the Mirror
technology developed by Indeotec

» This machine combines very high
L\ o throughput and lowest cost of aquisition
’ and operation.

\ /

Bottom | QCTOPUS III deposits ultra thin layers (few nm) on the top
| layers . - .

and bottom side of silicon wafers, thus generating a PV cell
device. > 3’000 wafers per hour can be processed.

Copyright INDEOtec © 2018 Strictly Confidential - Do NOT disclose Page 15
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The Product environment LbE iy

The cell efficiency
potential is 30%

With OCTOPUS III the and higher.
line output is
approx. 140 MW p.a.

eaning P2 atio A Curing
E g Device /Contacting

Y
Wafers Y
Heterojunction PV cell manufacturing line

| ~ Texturing is mature: chemistry control and Ozonator

[ PECVD is by far the most complex machlne and represent 50% of Ime S
CAPEX

a ) S
| PVD is mature: new materlals double side deposition
—— - Are—

Screen prlntlng machine is mature: double S|de adequate paste, lower

down Ag consumption, combine with annealing
Copyrig V\DEOtec © 2018 y Confidential- Do NOT disclose Page 16
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OCTOPUS - Mirror-PECVD INDEOTec

, Mirror concept introduction

i/p — layers in top side reactor &9 i/n - layers in bottom side reactor

RF Generator Q Mirror Control Unit

pr
é Vacuum chamber Vacuum chamber
&4 Shower head electrode Secondary RF electrode

Substrate

T e e
PR
L/
/ Substrate
[ Carrierplate |Sme—————= ]

Shower head electrode

Secondary RF electrode

Mirror Control Unit 8 RF Generator
Innovation 9 Innovation
1 = 2 -
.. Additional electrode (3™ electrode) for .. Carrier on top and plasma from bottom
enhanced plasma tuning for bottom-side deposition
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| PECVD value proposition: simplification v int;insic
ZZpedin
Existing solution Indeotec solution i:;“c‘teor
é\\\y/ — \g\\\&\/ v NO

(i) a-Si Front flipping

(i-p) a-Si  Front

(p) a-Si  Front

v v" NO
W

A Wafer flipping external
B — handling
), e (i)a-Si Back
N / (i-n) a-Si  Back v NOin-
(n)-a-Si Back W [
\\\X\} N f between
- vacuum
break
\\\\\\/\\/ Wafer manipulation = Vent/vacuum sequence
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[ Wafer Residence time — Process step breakdown
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25%

N 76%

& oo

0% 20% 40% 60% 80%
B OCTOPUS m Competition

Data baseline: PECVD process only, deposition time identical

Design target

Minimize every
step, which does
not add value !

@

Tremendous OPEX
savings compared
to other

manufacturers.
(> 30%)
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OCTOPUS is well below 2 cent/Wp for PECVD conversion costs. Future improvements
promise to come close to the 1-cent-benchmark.

PECVD process - Conversion cost
Cost breakdown cell processing

e R PR EE Lt
TOTAL=0.03 $/Wp

e
o
R 3
- 0.0000 L 0.0007 |
x -0.0021
o -
= 0.0100 --- B R |
g TOTAL = 0.017 $/Wp
o Efficiency reference: 23%
o

0.0050 ---JNETHR---------------- oo oo - - - - - - - == =SS S mmo oo —oooooooooooooooo
7
@)
o

0.0000

Octopus Il Competitor
i System investment & depreciation M Infrastructure & depreciation L1 Direct labor and overhead costs

i Bill of materials / Consumables k4 Wafer material costs
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[_ Results — Complete HJT in Mirror Top & Bottom

100 cm?, 3 BB
Full-area 6", BB-less (244 cm?) 38.3 736 76.5 21.6
Des.-area 6'", BB-less (225 cm?)* 38.5 735 78.1 22.1

*designated-area with masking edges during IV measurement (3 mm exclusion)

217948 (3BB, 10x10 cm2) 217897 (BB-less, 244 cm2) 217897 (BB-less, edge excluded, 225 cm2)
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Capability proof for >24%

| IBC-HJT device produced with Octopus PECVD & PVD

IZ> Champion-cell result with PECVD on Octopus Il in classic reactor <j

25-cm 2 tunnel -IBC N '
40F ] ”AIT'F'ERE
€ 35} | - 2
= /
§ 30 u //// NENEEG‘E’M‘RI\DQSASE
E o5l Area=24.96 cm? (da)
2z = tunnel IBC concept» : lean and simple
2 ool Jso=41.5mAccm? « p» p
C 9 . .
8 sl Vec=736mV process flow based on advanced thin film
= FF =79.0% o
210} e-oeru silicon layers management.
[&]
S » 24 % IBC-HJT cell EFFICIENCY
0

) 0100 200 300 400 500 600 700 demonstrated w.
.(l ﬂ- YoliEge (e » CSEM processes

ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Performed with

22 CSEerM octopus PECVD & PVD
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OCTOPUS Il - Start safe & Expand to very High INDEOfec *
 Throughput > 3300 wph double side
POINT OF ENTRY FOR OCTOPUS Iil 2018 ...

OCTOPUS 1l

2018 — Qualification

% MN,
2019 - Deployment OCTOPUS Il
Alpha tool - Qualification

U OCTOPUS I

Progcless >

Sampling OCTOPRUS Il
Gama tool — PRODUCTION

Copyright INDEOtec © 2018 Page 23
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Take aways:

Our PECVD technology is the bench-mark for passivation job.
Mirror-PECVD received Mios of investment so far.
Mirror-PECVD patented world-wide.

First order received for mass-production machine Octopus Il for
gualification.

> 700 Mio USS possible turn-over within 5-6 years.

LOI in hand for 30-40 machines and many more to come after the first
gualification.
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www.indeotec.com

You are welcome to visit the Mirror-PECVD
demonstrator in our Lab!

REACTOR MIRROR gorrom REACTOR MIRROR TP

Secondary Electrode

Shower Head Electrode
R —— PLASMA
—_—
Secondary Electrode Shower Head Electrode




