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Trend of Cell Technology

 Trend of Cell Technology

Source: PV InfoLink Report Aug_2026



Trend of TOPCon Cell Technology

 Tunnel oxide and poly-Si: in-situ

 Poly-Si：LPCVD VS PECVD (~ 80%)

ITRPV 2023 Source: InfoLink Report_Aug 2024

PECVD poly-Si



2021.06 

1. Completed feasibility 
pilot-line study

2. S o l v e d  p r o c e s s  & 
equip. bottlenecks

3. Eta > 24%

PE-TOPCon 0.0 
(Pilot-line)

24%

2023.12

1. Cost: 2% PH3 → 8% 
PH3 (~3 times↓)

2. Eta：SE, rear opt. 
polish+paste，
Tox+Poly etc.

PE-TOPCon 2.0
 (Mass-prod.)

26%

2022.06

1. Completed 1GW Mass-
prod. study

2. Solved Yield bottleneck

3. Eta > 26%, Yield > 97%

PE-TOPCon 1.0 
(GW Scale 

mass-prod. evalu.)

26%

2023.06

1. Factory level expansion

2. Solved mass-prod. 
expansion problems.

3. Eta: rear morphology，
anneal opt., screen-
printing etc. 

PE-TOPCon 1.6 
(Factory level Mass-

prod.)

26.6%

2024.12

1. Laser assisted firing  
2. Front-side opt.

PE-TOPCon 3.0 
(Mass-prod.)

> 26%

PE-TOPCon Development Milestones



International Impact

2023 Jan Cover

 Selected as PIP featured cover twice
 Well recognized internationally (including Europe, US, Lartin, Spain, India etc.)

2023 Mar Cover
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PE-TOPCon 3.0
Texture

PE-TOPCon 4.0

B Diffusion

SSE

PE Tox/n-Poly

Anneal

Poly-Finger (R)

Printing & LAF

PECVD SiNx(F&R)

ALD AlOx (F)

Poly Clean

EPD

IV Test

Texture

B Diffusion

SSE

PE Tox/n-Poly

Anneal

Printing & LAF

PECVD SiNx(F&R)

ALD AlOx (F)

Poly Clean

IV Test

New

New

Single to Double side World Leading
1.5Xboat New Tech

TOP Performance
Highest Throughput

TOPCon 4.0 Solutions

TOP Performance



TOPCon 4.0 Solutions

Laser

EPD

ALD TOP Performance
World Leading

1.5Xboat New Tech

TOP Performance
Highest Throughput



2.1



Laser Applications

TBC Patterning

Poly Thinning

Laser Assisted Firing

Laser Cutting for EPD Capacity
High

210R: 6300-7000 
pcs/h

Stability
High

Eta. 

with rear poly finger 0.16% ↑



Laser Source

LM Laser: 

~110W
Others:

~100W

 Laser output power
 Laser spot roundness
 Shaping uniformity



2.2

Texture

PE-TOPCon 4.0

B Diffusion

SSE

PE Tox/n-Poly

Anneal

Poly-Finger (R)

Printing & LAF

PECVD SiNx(F&R)

ALD AlOx (F)

Poly Clean

EPD

IV Test



Trend：AlOx Deposition Technology

 Trend: AlOx deposition PERC/TOPCon/TBC

Source: ITRPV 2024

2020 2024VS



8th Gen. KF20000S Features

 TBC, HPBC ALD Al2O3 New Requirement: double-side coating 

F. Haase, et al., 46th IEEE PVSC, 2019

Technology Batch ALD Al2O3 In-line ALD PECVD two-in-one

Efficiency

Equipment 
Price

Maintenance 
Period

Operating 
Costs

Double-side 
Coating

Wrap-around



KF Tube ALD

Capacity
High

Uptime
High

> 98%

Breakage
Low

< 0.03%

Maint.
Easy

Less powder

COO
Low

Highly 
Automated

High-eff.
Cell Tech.

Standard process for 
TOPCon, XBC, 

Perovskite,Tandem cells

Unique
Design

Each tube work/maint. 

independently

Compatibility
Good

Compatible with various 
rectangular size wafers

Market 
Share

Highest
Capacity
Highest

1.5XBoat Tech. 

Capacity 50%↑



Publications (Original Works)

2012: 
 Solved the bottlenecks for 

ALD Al2O3 from lab to PERC 
cell commercialization

2013:
 Proved ALD Al2O3 excellent 

surface passivation for 
boron surface

 Pave the way for today 
TOPCon’s application

2013:
 Light-soaking mechanisms study

B. LIAO, B. Hoex, et al., J. Phys. D: Appl. 
Phys., 2013

B. LIAO, B. Hoex, et al., J. Appl. Phys., 2013B. LIAO, B. Hoex, et al., J. Appl. Phys., 2013



3.1

Texture

PE-TOPCon 4.0

B Diffusion

SSE

PE Tox/n-Poly

Anneal

Poly-Finger (R)

Printing & LAF

PECVD SiNx(F&R)

ALD AlOx (F)

Poly Clean

EPD

IV Test



EPD Technology Background

Source: ITRPV 2026

1/2 Cell

1/3 Cell
1/4 Cell

Market Trends (M10 < Wafer Size ≤ G12)



Background

 No. of Cuttings: the more, the better? 

Source: J. Eymard, 2021



 Process flow

Challenges

 Damage-free laser cutting ?

 Edge passivation

EPD Technology Background



3.2
Cutting Loss Analysis and 
Edge passivation 
Mechanisms



Laser Cutting Principle

Thermal Laser Separation (TLS) Cutting Technology

 Laser Cutting+“hot”laser sweeping + cooling water → temp. & thermal stress 

C. Zhang et al., Int J Energy Res. 2022



TLS Challenges

TLS Potential Damages

 Thermal damages (e.g. high-temp. melting, thermal cracks)

 Thermal stress (lattice dislocation)

 Dangling bonds

 Debris

uneven break surface 
(can be repaired by ALD)

melting (difficult to repair)

Good Example



Cutting Loss Analysis

Cutting Loss Analysis (PERC Simulation Data)

 J02,edge  dominate，~19 nA/cm，

 Impact pFF and Voc

N. Wohrle et al., EUPVSEC, 2017; A. Fell et al., IEEE JPV, 2018



EPD Passivation Mechanisms

Cuevas et al., 42nd IEEE PVSC, 2016

P+

N (c-Si)

N+

Passivation Mechanisms

 Chemical passivation

 Field effect passivation

 H passivation

 Thermal treatment

 Light-soaking treatment



3.3 EPD Equipment 
Solutions



Leadmicro EPD Advantages

 One-stop 
compatibility 
(TOPCon/0BB/Poly 
Finger/TBC )

 Half, Third, 1/4 
Compatible

 M10, G12R，G12

 Cost effective

High
Stability

 No need 
frequent 
maintenance

 Visualized 
Monitoring

 Mature in 
Production

 Uneven cutting 
surface (ALD)

High
Conformality

One-Stop 
Compatibility

High
Throughput

 > 20000 pcs/hr 
(full cell)

 Chemical + Field 
effect + H 
passivation + 
thermal + light 
treatment

 Half > 5 W

 Third > 8 W

 Quarter > 10 W

High
Passivation



2026-2-12

Cutting 
surface

Carrier

TOP

Bottom

Heating Plate

Half-cell Third-cell Quarter-cell

Leadmicro Solution: One-Stop Compatibility
 

 One-Stop compatibility: TOPCon/0BB/Poly Finger/TBC
 Half, Third, 1/4 Compatible: by changing carriers

 M10, G12R，G12 Compatible



场钝化

Leadmicro Solution: High Passivation

 Tube ALD: High film density → Good Dit

 AlOx: High neg. Qf → Good Field-effect, esp. P+layer
 Interface Treatment: “step1-OH pretreatment”+“step2-ALD 

Al2O3” → Eta ~0.03%↑

 High conformality → Excellent for uneven surface
 Half-cell > 5 W
 Third-cell > 8 W
 Quarter-cell > 10 W

Leadmicro Solutions: Chemical + Field-effect + H Passivation + Thermal + Light treatments 

uneven break surface (can be 
repaired by ALD)



Film Thickness and Passivation Monitoring
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 Live Visualized Monitoring: monitor equipment/process stability while production

 Passivation Avg. Lifetime > 760μs；

 Film thickness: WIW＜3%，WTW＜3%；



Equipment Features: Tailored Temp.and Gas 
Flow Design

Completely New Gas Flow System Design

 Low chemical consumption

 Individual gas line control system

Process 
Gas
Area

Unique Temp. Field Design and Control System

 Better passivation performance

 Avoid wafer stick issue

Independent 

temperature control 

in each section
Rapid 

Heating and 

cooling 

Process 
Gas
Area

Isolated 
Area



3.4



EPD Product Highlights

Leadmicro AEPD 1.0 Tech.

TMA + 
H2O

Wrap-
around

< 3mm

Leadmicro AEPD 2.0 New Tech.

TMA + 
O3

Wrap-
around

< 0.01mm



Wrap-around EPD 2.0 New Tech.
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Leadmicro Confidential & proprietary2026-2-12
2026-2-12

新能源
New Energy

 World 1st IPO company with ALD core technology
 >2000 employee with ＞36% R&D staff
 >20% R&D expenditure (> 20M USD in 2023)

 >3000 ALD reactors delivered
 >800 GW capacity cumulatively

 >100 delivered/to be delivered ALD systems
 >300% rapid growth in 2023
 Only production proven supplier of 300mm ALD tool in China

About Leadmicro

新材料
New Material

产业化应用中心
IAC



Intellectual Property 

 The intellectual property across China, United States, continental Europe, Japan, Germany，India，

South Korea and other countries and regions.

 Patent Application ＞760；

 Granted IP ＞230；

 Proprietary Technologies ＞3,000；

 Global Registered Trademarks > 110.

The number of patent applications maintains a stable 

growth, with invention patent applications accounting for 

more than 60%.

The IP conversion rate exceeds 80%, of which the 

industrialization rate of the company's effective invention 

patents exceeds 76%

2016-2026Q3

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025(E)



Leadmicro PV Turnkey Solutions

PE-TOPCon 4.0 
Turnkey Solution

TBC
Turnkey Solution

Perovskite/Tandem
Turnkey Solution



Leadmicro PV Product Series

KF ZR XH JW Laser HY
KF20000S ZR6000 XH10000 EPD40000 HY10000

Batch ALD/CVD PECVD/PEALD

Diffusion
Anneal

Oxidation
LPCVD

Edge 
Passivation

SE
LAF

Poly Thinning
TBC Patterning
Laser Cutting

In-line 
ALD/PEALD

/PECVD

Al2O3, SiO2, TiO2, 
SnOx, TCO

Al2O3, SiNx, SiO2, 
poly-Si (n&p),

a-Si

O2, BBr3, BCl3, 
POCl3, poly-Si Al2O3

Al2O3, SiNx, SiO2, 
poly-Si (n&p),

a-Si



Leadmicro PV Product Series

HY iSparol SuiR MS SuiR EVA Laser

In-line 
ALD/PEALD

/PECVD

RTR Platform 
ALD

Magnetron 
Sputtering Evaporation P1-P4

Al2O3, SiNx, SiO2, 
poly-Si (n&p),

a-Si

Al2O3, SiO2, TiO2, 
SnOx

NiOx, ITO, Cu/Ag LiF, C60



Global Market

Global Market Leader in ALD technology for PV industry



Conclusion

 Recent Progress of Cell Technologies
 TOPCon 4.0 Equipment Solutions
 Rear Poly Finger: Laser Solution
 ALD：1.5X Boat Tech., capacity improved ∽50%
 EPD: Half Cell in production > 5W

 Cutting Loss Analysis and Edge passivation Mechanisms

 Leadmicro EPD Equipment Solutions

• Excellent Compatibility: TOPCon/Poly Finger/TBC, Half, Third, ¼ Cells, M10, G12R, G12

• Excellent Passivation: Chemical + Field effect + H + thermal + light treatment

• High Throughput (> 20000 pcs/hr)+Conformality (uneven surf.)+Stability (Live monitoring)

 EPD Future Outlook: nil wrap-around technology, 1/3, 1/4 cell technology




