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Let's start with a small survey?
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What kind of an AC do you apply at home?
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Which kind of cars do you prefere?
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What kind of food do you prefere?
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OPEX and 
Reliability 
optimized
Solution

CAPEX and 
Reliability 
optimized 
Solution 

Transfer from privat to professional world
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OPEX and 
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OPEX and reliability optimized Solution
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NEW: InEtchSide 4/4+

▪ 12/14-lane Inline Single Side Glass/Oxide Etching tool length 4.8m

▪ RFL (RENA Functional Layer = water capping) for optical yield 
improvement & front-side protection (freedom to operate)

• 17500 w/h proven in production (14 lanes)*

9

* Proven on a 12 lane tool

RENA TOPCon Solutions

Batch 3 N600
• Batch-type tools for texturing, edge iso, poly-wrap

• Process based on O3 pre-clean & O3 post-clean 

• Water saving of 50 % guaranteed

OPEX optimzed Line

RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026
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Sustainable Equipment Solutions 

RENA Consumable savings

Optimization of machine design for sustainable 

savings of consumables

Chemistry 
➢ Reduction of chemical and waste 

accordingly 

Electricity
➢ Heat recycling: usage of waste heat from 

thermal processes for DI-Water heating

Waste and Water
➢ RENA saving technology

-> Savings in OpEx

-> Positive impact on facility cost!

OPEX

OPEX

CAPEX CAPEX

All RENA TOPCon wet-tools All China TOPCon wet-tools

RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026
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OPEX reduction by Ozone instead of pSC1 cleaning

Smart cleaning with Ozone

• Very important factor since its applied in 

• Texture

• Edge isolation 

• Poly wrap around etch

➢ No. of cleans: RENA: 7-O 3 || China: 8-pSC1

• Standard cleaning in China is pSC1

• KOH and H2O2

• Leads to increase HF consumption

• Ozone clean performs on same level

• Increased CAPEX

• Negligible running cost (power, O2)

• No waste

• Reduced KOH & HF consumption

• Reduction of waste, chemistry usage

• Reduction of OPEX 
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Tabelle: Ausgewählte Papers (O₃-in-DI / UV-O₃ vs. RCA) — Messwerte & Prozessparameter

Nr. Referenz (Autor, Jahr)
Proben / 

Wafertyp
Reinigungs-Rezept (Kurz)

Messmethode / 

Injection
Reportete τ_eff (µs/ms) Reportetes J₀ (fA/cm²) Kurz-Notiz (Lab/Industrie)

1

Li et al. (Trina Solar) — HIGH-

LIFETIME WAFER CLEANING 

METHOD USING OZONE 

DISSOLVED IN DIW/HF/HCL 

(Konferenz-PDF). ResearchGate

FZ N-type, 190 

µm, 160 Ω·cm 

(TMAH-

polished)

DIO₃ (20 ppm) + HF 2.5 g/L 

+ HCl 10 g/L; Fluss 12 

L/min; 5–10 min. 

Referenz: volle RCA (SPM, 

RCA1, RCA2). 

ResearchGate

QSSPC bei Δn ≈ 

5·10¹⁵ cm⁻³ (ang.)

5.8 ms (höchster Wert bei 10 min 

DIO₃/HF/HCl → 5800 µs). ResearchGate

Grafisch: J₀-Werte sehr 

niedrig; für B-diff. besser 

als RCA; für P-diff. ähnlich 

(einige 10⁰ fA/cm² Bereich). 

ResearchGate

Industrieller Ansatz (Trina); DIO₃+ganz 

geringe Säurezugabe erzielt bessere 

τ_eff als Referenz-RCA im 

Labor/Inline-Kontext. ResearchGate

2

Shi et al., MDPI review (2023) — 

Surface Cleaning and Passivation 

Technologies… (Review). MDPI

Review 

(verschiedene 

Wafertypen)

Übersicht: O₃ allein 

(organisches Entfernen) 

und O₃+HF/HCl (Metalle + 

Oxidmanagement). MDPI

Verschiedene 

(QSSPC, µ-PC, PL)

z.B. zitiert τ_eff 5.8 ms (Li) und 7.3 ms in 

speziellen a-Si:H(i)/c-Si/i-Stacks. MDPI

Review-Zusammenfassung: 

sehr niedrige J₀ und hohe i-

V_OC-Kommentare (→ 

τ_eff korreliert). MDPI

Review fasst viele Labor- und 

Industrieberichte zusammen; betont 

Kosten- und Chemikalienvorteil O₃-

Verfahren, weist aber auf 

3

Kranz et al. (Uni Hannover / Konf.) 

— Industrial cleaning sequences 

for Al₂O₃-passivated PERC cells 

(Konf./Report). repo.uni-

hannover.de+1

PERC-relevante 

Wafer (Al₂O₃-

passiviert)

HF/O₃, HF/HCl, pSC1, RCA 

Varianten (industrielle 

Sequenzen). repo.uni-

hannover.de

τ_eff Messungen 

(QSSPC/PL)

τ_eff typ. ~1–2 ms für HF/O₃-Sequenzen 

(abhängig von Prozess). repo.uni-

hannover.de

Beobachtete Zell-Effekte: 

leicht verringerte FF und 

lokal EL-Defekte bei HF/O₃ 

in manchen Versuchen 

(PERC). repo.uni-

hannover.de

Industrielle Tests: HF/O₃ comparable 

zu RCA für Passivierung, aber 

Prozessintegration (LCO, 

Metallisierung) kann Nebenwirkungen 

zeigen. repo.uni-hannover.de

4

Bakhshi et al. (2018) — Simple and 

versatile UV-ozone oxide for 

silicon solar cell surfaces 

(Artikel/Preprint). ScienceDirect+1

Poliertes Si (für 

Passivierungste

sts), 

verschiedene 

Stacks

UV-O₃ 

(trocken/Feinreinigung), 

kurze Oxidationszeit (lab 

scale). ScienceDirect

J₀ & τ_eff 

gemessen 

(QSSPC, PL)

τ_eff Ergebnis: UV-O₃ liefert passivierende 

SiOx mit vergleichbarem/nur leicht 

geringerem J₀ vs. RCA in einigen Tests 

(konkret: RCA zuerst besser in einem Fall: J₀ 

5 fA/cm² vs. UV-O₃ 10 fA/cm²; aber nach 

Prozessoptimierung äquivalent). OSTI+1

J₀-Werte in fA/cm² Bereich 

(siehe Text): RCA oft sehr 

gut, UV-O₃ nahe dran; 

Performance abhängig von 

Nachbehandlung. 

ScienceDirect

Laborarbeit: zeigt, dass UV-O₃ eine 

einfache Alternative zur Oxidbildung / 

organischer Entfernung sein kann; fein 

justierbar. ScienceDirect

5

Moldovan et al. (2013) — 

Combined Ozone/HF/HCl based 

cleaning (Solid State Phenomena). 

scientific.net

Wafer-level PV 

Prozesse 

(versch. 

Substrate)

DIO₃ + HF/HCl 

Kombination; diskutiert 

Etch/oxidize + 

Metallkomplexierung. 

scientific.net

Messungen: 

Textur/Sheet-R-

Change, τ_eff

Berichtet starke Reinigungswirkung 

(organische + metallische Entfernung) und 

kontrollierte Ätzung; τ_eff-Verbesserungen 

abhängig vom Stack. scientific.net

Nicht immer vollständige J₀-

Tabellen; Fokus auf 

Prozeßeffektivität und 

Integrationsvorteile. 

scientific.net

Frühe Industrie-

/Forschungskombination: zeigt 

Praktikabilität, hebt Vorteile bei 

Chemikalien-Reduktion hervor. 

scientific.net

6

Absolute Ozone / IMEC / Industrie-

Reports — Ozone in 

microelectronics / PV cleaning 

reports (Whitepapers / Tech-

Reports). Absolute Ozone+1

allgemeine 

Wafer-Studien 

(IMEC-Case)

O₃-in-DI substituiert H₂O₂-

haltige Bäder; O₃+acid 

variants empfohlen. 

Absolute Ozone+1

Reporting: 

verschiedene 

Messmethoden 

(SIMS, τ_eff, PL)

IMEC-Zahlen: Vergleich RCA vs. O₃-basiert 

zeigt gleichwertige Reinigungsresultate bei 

deutlich reduziertem Chemikalienverbrauch; 

konkrete τ_eff-Rangfolge in Reports (siehe 

Quelle). Absolute Ozone+1

Industrie-perspektive: 

starke Argumente für O₃ 

bzgl. OPEX & Umwelt; 

empfiehlt Prozess-

Qualifizierung. Absolute 

Ozone+1

Comparison of cleaning chemistry

O3 vs. pSC1  RCA (SC1 + SC2)

12 [8 Zhonglan LI et al, HIGH-LIFETIME WAFER CLEANING METHOD USING OZONE DISSOLVED IN DIW/HF/HCL SOLUTION
September 2014 - Conference: EUPVSEC 201

• O3/DI-based cleaning:

• Superior to a full RCA in terms of Performance

• O3/DI-based cleaning:

• Basis for advantages in CoO => up to 40% savings

OPEX

OPEX

CAPEX CAPEX
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RENA is saving resources

The RENA Team optimized the machine 
design for sustainable savings of 
consumables, water, electricity and waste!

Chemistry 
➢ No H2O2
➢ Less KOH and HF

Electricity
➢ Heat recycling: usage of waste heat 

from thermal processes for DI-Water 
heating

Water
➢ RENA Water saving technology
➢ Less waste-water

Waste
➢ Less waste treatment with the 

reduction of chemicals

Sustainability 

-> Positive impact on environment 
and facility cost!

|
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Is your company rich enough... to afford cheap things?

15

OPEX 
Optimized 
Solution

CAPEX and 
Reliability 
optimized 
Solution 

RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026
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Capex and reliability optimized Solution
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Capex and reliability optimized Solution

OPEX-Optimized Solution

• Production proven O3-Cleaning 
process 
(RENA introduced O3-Cleaning already 20 years ago)

• No H2O2-usage 
(available on request for pSC1-process)

• Lower KOH-consumption 
(no pSC1-process)

• RENA Watersaving Technology 
(up to 50% compared to competition)

• Low Energy consumption 
(Less KOH- and no pSC1-baths leads to less heating)

• Reduced waste treatment cost 
(no H2O2, lesss KOH, less water, …)

|  Solar-Wafering Solutions   |  RENA Technologies  |  Confidential17
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Proven tools and performance
TOPCON - Ramp up data
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• Up to 3-times lower particle load inside RENA BatchTool

• Proof for effective particle management inside 

• Voc>735mV values can be reached after 2 month of 1st cell out (depending in clean room, and entire line) 

Measurement 
spot outside

Measurement 
spot inside

Effective Particle Management

http://www.rena.com/


www.rena.comwww.rena.com

TOPCon line with all wet tools by RENA two month after 1st cell out

VOCEta

• VOC,max > 735 mV
• Efficiency,max > 25.5%
• IRev,2 on very low level

Jrev,2

RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026
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Future-Proof Investment: Technology Roadmap

21

2024-2027

TOPCon

Peak production years

2027-2028

Transition

IBC preparation phase

2028+

IBC/TBC

Next-gen technology

80-90% Equipment Reusability for IBC Technology

Your RENA investment is not just for TOPCon's 3-4 year lifecycle.

When IBC becomes mainstream, most equipment transitions – minimizing additional CAPEX.

Chinese suppliers: Equipment often requires full replacement for technology transitions.

Chinese Supplier Approach

Buy cheap now → Replace entirely for IBC → Pay twice
Will China support you for re-use of tools?

RENA Approach

Invest in quality now → Reuse 80-90% for IBC → Pay once
Full support by RENA for conversion from TOPCon to IBC

RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026
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Solar-Wafering Solutions 
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SOLAR WAFER PROCESS STEPS
AND CORRESPONDING PARTNER NETWORK

Graphic by:

23

Potential Partner for Crucibles 
(from Vietnam)
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Summary
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RENA Solar-Wafering Solutions at a Glance

Summary
✓Tools running in production (TOPCon running in India & USA)
✓Fast ramp-up time
✓Proven for Voc>735mV and efficiencies >25%
✓Lowest CoO due to DI/O3 (>15 years of experience)
✓NEW: CAPEX optimized alternative
✓80 to 100% of the tool can be reused in an IBC line
✓Waste and water saving

➢ RENA is ready for smooth TOPCon scaling

25 RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026
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European Gas-crissis

26 RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026

Preserve a second source of:
• Tools 
• Innovation
• Competition

• Smart people learn from there 
mistakes

• VERY smart people learn from 
mistakes of others

https://www.rena.com/en/


Thank you for your attention

The art of wet processing.
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MedTech

Semiconductor

Wafering Glass &  
Advanced
Packaging

Green Energy

Additive 
Manufacturing

SEVERAL
SEGMENTS

Headquarters
Gütenbach,

Germany

1993
Foundation 

of RENA

EXTENSIVE
EXPERIENCE

~ 1.100 
Machines installed

Technology Leader 
in Wet Process 

Equipment

POWERFUL
PRODUCTION

~ 1.000
Employees

25,000 sqm
Manufacturing 

Floorspace 

RENA Technologies – your reliable partner

Engineering & manufacturing

Research & Development

Sales & service centers

Representative offices

AVAILABILITY
ACROSS-THE-GLOBE

http://www.rena.com/
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How you connect

RENA Social Media 

Linkedin - Kostenlose sozialen medien Icons SPD Fleckeby auf Facebook › SPD OV Fleckeby XING - YouTube
YouTube-CEO verkündet Änderungen der Richtlinien | WV
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Food for thoughts

|30

Why should we treat a 
multimillion-dollar factory 

differently than our private life? 

RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026

http://www.rena.com/


www.rena.comwww.rena.com|32

European Gas-crissis lessons learned

• Smart people learn from there 
mistakes

• VERY smart people learn from 
mistakes of others

Preserve a second source of:
• Tools
• Innovation
• Competition

RENA Technologies  | TaiyangNews Solar Technology Conference, Delhi, 2026
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Food for thoughts
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“Who among you loves their 
mechanic so much that they’d like 
to have him visit every month?”

Can your production line afford to be 'Type A or B'? Can you afford a machine 
that is 'good enough' initially, but takes a 'holiday' (breakdown) once a 

month?

Low Capex is nice low OPEX 
keeps you in business

http://www.rena.com/
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