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Silicon Products Engineering GmbH silicon products
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> Engineering activities T-fi)l 5%

- Consulting % i)
- Basic engineering (Silicon Plants, single Equipment) J&at Tf (T, BGE%)

- Sale of equipment, e.g. Converters, silver-plated Deposition-reactors and Slim rod
Production Units and Welding Devices, Boron adsorbers (CPS)
WS, Hlwaiel, WRNEEPOEEY, il RS, BRilRS (CPS)

- Simulations (CVD, Kinetics) of apparatus and machines
WA INLAS B (A SRR, 315
- HAZOP (Hazard and Operability) Studies 1@ 5 V& Al ] #/E 20 4
- Benchmark tests & /it
- Process and equipment optimization .2 fll% %14k

- Production-related services for example maintenance of production lines

AR SS, BIansE =28 489
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» Research & Development T/}

- Silicon Production: Processes and Equipment fd:/F 77 2% %%

- Impurity balance 7%/ T~

- Silicon quality / Analytic concepts £ i &/ 11 /7 %

- Latest development: lift-off wafer technology 58 iF & . Ah4E 4 2 f: JFF A
- Silicon Recycling it [=] Wi A1

» Products ;=i

- Solar-Silicon for multicrystalline application /T 2 /i 1) A PH E 2 fi:

- Solar-Silicon for monocrystalline application ] &/ i 1) A BH E 2 fi:

- Silicon for FZ and semiconductor application 1] - X}z Fl12f S 44 (1 ik

- By-products (Slim rods, TCS, Hexachlorodisilane) g/~ & (f#fs, TCS, HCDS)




Business Areas of Silicon Products Bitterfeld
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Simplified Flow Chart of Production Process silicon products
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Silicon Production Plant Bitterfeld silicon products
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STC +TCS+
New own developed hydrogenation reactors [ T/ % [ &4k HCI+H2

High yield & #4140 % STC + H2

Low power consumption < 0,8 kWh/kg TCS 1L Hi &

High throughput up to 15.000 kg/h STC = kb#i &

High energy recuperation = fi s [21 Heat
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Simulation CFD First Silicon Out Standard Production
T EHNLRAR B 25U il (Y= NS5 PRUEAL A
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Slim rod production unit silicon products
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Slim rod welding
(EFIVEEER

Slim rod production
bt A
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Research and Development

WK
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Curre

nt Silicon Wafer Technology

WA SR

Standard wafer technology still dominates the solar silicon wafer technology

PR BRI SR KFH R A R £ AL E

100 % ~1%
~49%
~50% Silicon loss by
standard wafer production
PR AR = IR R ~50% FiE
Poly Si start Ingot Wafering

weight  production

Silicon production: Siemens CVD >90% market share

| ERE Vi1 FCVD L2

Mono/Multi silicon crystallization: Czochralski/VGF 100 (40/60)% market share
L E AT OA | L/ T B S [

Wafering: multi-wire sawing 100% market share

T i 1 EZo b
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Epi lift-off Technology
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Motivation: Production of wafer without silicon losses

ZhHL: AR EREPRAEERSR

Project: Production of wafers via gas to wafer technology

i H : I NSRRI R B R AE R A

Gas - to - Wafer/

Epi lift-off Technology
SE - BEH
HPIERI B FR

Reduction of ~5¢% Silicon loss

REARERIR
8%
Cell Module PV system

production  production

M ed pe
s s

Source: Garbo, PHOTON'’s 10th
Solar Silicon Conference, Berlin
03/2012, revised 2014 by SPB
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Float-Zone Silicon for semi-conductor market silicon products

Fﬁ?ié‘@ﬁkﬂj‘% B@}%ﬁg%% RESEARCH ENGINEERING PRODUCTION
Status: Float-Zone (FZ) tests are done by potential customers, further tests ongoing
B s DA IV e i IR AT HE— 2P A

Mono-crystalline FZ-test using SPB Silicon
{7 FH SPBAEE AT BRL i A v X It
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Hexachlorodisilane & 2.5

Production: 10 t on stock (mixture)

72 i 10MEFEAF (V&)

Status: Proof of concept, separation and purification
BB - iR RIS D, BN al

Economic potential: up to 1000 €/kg Hexachlorodisilane

2 =E R A]i£1000 €/kg
Market: Semi-conductor industry (Application: precursor)
. PFAATI (RN SE0K0
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Future Strategy R /kH% silicon products
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= SPG has long term operational experience producing silicon regarding quality, throughput
and cost savings

SPGTEA L= M B, 7P & A A7 T B KINRIsir &5

= SPG diversify into new markets for example Cz- and FZ-Silicon and Hexachlorodisilane for
semi-conductor industry

SPGHilnZ yutl, BT 8)-F AT W B Al XS A /N 5 LA e

= SPG has engineering expertise

SPGilIa TR T A7

= SPG possess core know-how
SPGIF L AHTIA

= SPG has its own R&D division and works on different research projects for example Epi lift-
off wafers

SPGHlIfT H CHIBEAER T, ST ARKIWTFCIH , Flansh it R s Fr

= SPG developed an optimized process for large scale silicon production plant

SPGB REA = T.) & TAALI T2
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Thank you Very much for your attention

18



