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Post-processing

for high quality solar grade

and semiconductor grade silicon
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Process steps of post-processing
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» Main steps describe the post-processing technology from CVD reactor to

packaged silicon products (ready to ship)
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Top technology worldwide

SPEN% &t & 5 EfIf IR, M1
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— Semiconductor grade silicon = 582 fi
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Benefits for our customers silicon products
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= Contamination-free from harvesting to packaging MW HI 21257, oy 4t
= Desired Particle Size Distribution (PSD) 1] ik K~ A7

= Low investment {57 7%

= Long lifetime of equipment % & {1 1] 75 i &

= Reliable and proven equipment ] 511 2RI IE ) 14 5

= Qualified tools and materials 7% 1 1 H 22 bk

= Tests can be done in our tech-center 1] /& A 1135 Ao idE 47t




Harvesting silicon products
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» C(Clean, safe and easy harvesting process of the silicon rods
A A R RERRIE T2

» Metal case, polymeric coated (internal and externally), reusable
wsEMBAEE, EeWirkE (NI, EEAEH

= Remote control
AZE A 17 1l

Ring eye for
hanging of case

Traverse with
ring eye

Track cable

Cover flap

Steel frame with 4 intermediate
Harvesting box Harvesting process with harvesting box storage and transport boxes
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Pre-crushing silicon products
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» Special design and special material
FRR T, Rk R

» Defined discharge of compressed air to customer's exhaust system
JE 4 SR BRI R - R AL R 4

= No contact of silicon products with compressed air
ek v A S g AV A

Exemplary picture of pneumatic chisel

Schematic drawing of pre-crusher and pneumatic chisel (tungsten carbide chisel not shown)
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Comminution technology of silicon silicon products
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Two dry-type comminution technologies are available:
AR AL R 20 e L2
— Jaw crusher and % Ui 741 AT
— Roller crusher Z& a7 7L
Innovative wear and protection concept
BT B WA ORI T 56
— Unigue one-piece tungsten carbide without gaps or connectors
B 28 B BOE R B A TS
— Lining made of polyurethane, silicon or tungsten carbide
AT R E S RS K
Proven manufacturers in silicon industry
22 22 G REAT IR ] K
» Variable Particle Size Distribution (PSD) according to customer's requirements

MR 25 R, 2R RURLISE o0 A




Crushing equipment silicon products
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Jaw crusher Roller crusher
AL B L
+ Higher crushing ratio = larger input material + Reduced contact to silicon = lower
possible contamination risk
R R ZE > A28 NBOR AL P/ D Rk > BARHS G R
+ Reduced crushing ratio - contamination and + Proven technology and manufacturer
fines better manageable ZIUER T2 5
PN R L > B ) B S YL RN AR R + Low portion of fines
+ Lower invest costs IRt K EL 1]
BURHIIR N A
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Jaw crusher 3D drawing of Roller crusher
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Sorting technology of silicon silicon products
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Two sorting technologies are available:
A SR R 7 T2
— Mechanical sorting and i/ |- 2 4/l
— Opto-pneumatic sorting {1712/ 77
Contact of silicon with equipment minimized
fe A A B 2% B Rk A /A
Innovative wear and protection concept
GIHT I N A AN ERAP T 56
— Parts in contact with product covered with polyurethane, silicon or tungsten
carbide 5~ mh izl 7 7B 55 A K ARG FEEIALTS
— Screen plates made of polyurethane or silicon i iz i 28 22 Jig sl il
Proven manufacturers in silicon industry
22 2 AT M ISR ) 3K
Variable cut sizes according to customer requirements
WRIE P2, M RIS, b e 4 fi (i
Easy maintenance due to exchangeable cover and screen plates
AR AT S i, BRI I A3 T 5




Sorting equipment
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Mechanical sorting
DL 7

+ Simple and robust technology
AR R T2

+ Low invest costs
R BT A

+ Standard and high purity solar applications
Ao HE AT 5 2K FH R 2 .

Mechanical sorting equipment
BUBR IR 70 1502

Opto-pneumatic sorting
Jik- =B 5

High-technology solution for higher sorting
accuracy: up to 99.99 %
ERHS AR TT S =T o KA . 15%599.99 %
Reduced contact of equipment with product —
avoidance of contamination
BEEALR 7 ot AT AL 2% HAJ At — 3 4 ¥ G
Data recording of particles — exact knowledge
of geometric data and particle size distribution
RIORLHCH R EE—HERF 1 e ) LART K5l RO R ST 70 A
Mainly semiconductor application
TR RGN

3D drawing of opto-pneumatic sorting equipment
Ik - B 7 i 34E B




Etching silicon products
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= Tailor-made unit to fulfill customer’s demand = 5 5= il 5, I L 75 R
— Products on the market: “acid etched” “light etched” “washed”
g Eredh: “BRZI. G BRZIm . “TEk”
— What are your clients’ requirements in terms of surface conditions?
R, B HTHRREHA?
= Modular design system 5111 £ 4
«  Key components J<HEAL G g
— Detergent treatment /i 75 Vi ib #1
— Combination of different etching methods /|| (1] ZI it 7540 4
— Surface conditioning 1] /2%
* Final design depending on requirements iz 2% 13 11 HL e 15 2
« Stable, corrosion-proof construction with fluoropolymers and polypropylene as key
materials A B B 5 BIR G VIM R NAG IASE ) PO Thi) 451
« Cleanroom requirements 7% /7% 75 2K
— I1SO 6 in preparation area 7% [X1SO 6
— 1SO 5 in packaging area 71 [X1SO 5

10



Etching — Process (Semiconductor Application) silicon products
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Detergent
(organics) || Rinse || Pickling || Rinse || Abrasive Shiny Rinse Surface Rinse || Drying
by 21 ik ERYE Mk etch etch ¥k || conditioning || ik FH
(BFHL) B TR % RIEBE

Detergent: removal of organics

Vel ZERA N

Rinse: follows each chemical step to avoid carry-over

Mk ERIMEF P R)E, BE i

Pickling: mobilization / removal of persistent contaminants
FRVE: TEWIEBRTFF AR

Abrasive etch: removal of all surface metals

BRIl KERPTA BRI <58

Shiny etch: removal of etching stains, surface correction for a shiny appearance
iR KR ZEL KRR, SEHDGRRR RS
Surface conditioning: hydrophilic or hydrophobic

KIMBEE: SR/KEHIK

Drying: 2 steps optional (convection, vacuum)

Flge: 2B ERATE MR, H2H

11




Automated bagging and high precision dosing silicon products
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= Single or double polyethylene bags /> i A5 2745 1
= Foil thickness up to 300 pm [ )5 )% 1] ik 13001
= Various bag types (pillow, gusseted, ...), made of tubular foil
AR RS CRBIRELIEIL Bl FIMIESG, D B SR il pl
— Reduced contamination and reduced Opex compared to ready-for-use bags
SRR T, PRI Gy,  FRRERE A
= Parts in contact with product covered with special materials: polyurethane, silicon
577 R A d A A R R R Bl
= Up to 10 kg with high-precision dosing up to £1% weight tolerance (x 100 g)
A E|10 A, WA EAE T e mUE R, FRE W Z+1% (2 100 )
= Proven manufacturer
2L Ao e
= Compact and robust design
WG faf
= Cleanroom compatible labeling on each bag

NS T AT T S AR

3D drawing of bagging machine with dosing system
i A e IR 2 G 1) e AR 1. 34E (K]
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Automated packaging

EpE

silicon products

RESEARCH ENGINEERING PRODUCTION

» Variable cardboard box and pallet sizes
AR AL AL R T A A4k

» Different cardboard box types
ENGIET cEithes

» Handling of bags of several types and weight
b3 22 Fh AL 5 R B AR T

= Automated packaging and palletizing
ERNIESFIEIEES

Exemplary drawing of outer bagging machine
and automatic packaging to cardboard boxes
AR LIN A=k B RN A

13



SPE - customized engineering
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» Customized solutions to fulfill
customer requirements
NEPERERH, Was) 2R
il

= Selection of special materials for
covering machine parts and tools
regarding required product
quality
RYEr= i, EEERARMEL
178 UGS AN LB

= Arrangement of equipment
according to customer layout

— 2 story solution for optimized
transport ways and avoidance of
contamination
AR 25 A B 2 B
- 2RI R, i EIE
S B iU RS

= 3D modeling 3415 7Y

Process design |- 2 /it

= Equipment selection and design
according to customer
requirements: type of sorting,
crushing
AR BRI W T 4%
(LN il e ~Ei

= Selection of required process
steps in close collaboration with
customer

% PR AAE, T ZDIR
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Thank you Very much for your attention
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