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Do you have any questions?❓🙋

Send them in via the Q&A tab. 👉We aim to 
answer as many as we can today! 

You can also let us know of any tech problems 
there. 

We are recording this webinar today. 🎥

We‘ll let you know by email where to find it 
and the slide deck, so you can re-watch it at 
your convenience. 👀💡

Welcome!



N-Type Era – Trend and Value of the 

Optimum Product Design with Trina 

Solar Vertex PV Modules

ZHOU YANGYANG, Shirley

Trina Solar · Global Module Product Management



i-TOPCon PLUS

i-TOPCon ULTRA|TANDEM

i-TOPCon ADVANCED

i-TOPCon

 Innovative Hydrogen passivation 
technology， The cell efficiency is 0.2% 

better than that of the product in the same 
period

 Wafer size 158.75mm×158.75 mm

 Mass production efficiency 23.5% 

 500 MW production line

In 2015, Base on Trina Solar’s
State Key Laboratory of 
Photovoltaic Science and 
Technology(PVST) ,i-TOPNCon Lab 
was established.

 Selective emitter, backside micro-structure 

reflector, high doping and low composite TOPCon

structure. Cell efficiency: 26.2%

 Wafer size：210,210R

 Mass production efficiency 25.5%

 Full-scale mass production，Production Capacity 

40GW+ 

 Comprehensive product portfolio！

Trina Solar i-TOPCon technology development roadmap

Tongchuan ‘Top Runner’ technical leader 
project--2019.12 250MW

Changzhi ‘Top Runner’ technical leader 
project-- 2019.6.30 250MW

Yellow River hydropower 
in Qinghai

2020.9.30 137MW

Vertex S in Europe

 Wafer size 210mm×210mm+ 18BB

 Average mass production cell efficiency 24.5%

 Cell efficiency 25.15% (ISFH certificate)

 500 MW TOPCon Pilot Line

Module power up to 710W

Module power up to 680W

Module power up to 430W

735W | 785W

 i-TOPCon + Full frontal passivation 

contact cell technology ：Efficiency >27% 

 i-TOPCon + tandem cell Technology: Cell 

Efficiency >30%

PCE (%) Voc (V) FF(%) Jsc(mA/cm2)

28.5 1.84 75.9 20.4

2015~2019

In 2019, the first TOPCon Cell 
World Record in China, 24.58% 
(ISFH certification)

Cell efficiency record

 25.25% (2022/2, ISFH certificate)

 25.42%(2022/3, ISFH certificate)

 25.5%(2022/3, China National 
Metrology Institute certificate)

2020~2022

2023~2024

2025+



i-TOPCon Technology

Industrial tunnel oxide 
passivated contact cell

(i-TOPCon)

In 2019, the i-TOPCon
structure and technical 
route were first proposed

24.58% Lab cell

The first TOPCon battery world 
record in China, the first mass 
production exceeded 23.5%(2019)

The paper is published in 
Nature Energy

The first “Top Runner" 
technical leader project in 
China (Changzhi in Shanxi 
and Tongchuan in Shaanxi, 
10% power generation gain)

2019-2020，Trina Solar i-TOPCon: Mass production cell efficiency 23.5% （ innovative hydrogen 
passivation technology ）

Conventional Contact

Passivation Contact

Interface recombination rate is 
2 orders lower



i-TOPCon plus Technology

Optical performance：
Increase extra 
1%~1.5% optical 
absorb.

5BB Module

玻璃
Glass

电池片 Solar Cell

Flat 
Ribbon

EVA EVA

Si

Wire

玻璃
Glass

c b a

Shading reduction
Light trapping effect

Distribution of resistance on Pl 

(photoluminescence) test
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电流横向收集路径缩短50%

cell passivation

5BB

MBB

Shorten current path 
50%

Electrical 
performance：
Increase extra 
1%~1.5% power

M10

M4
G12

182mm 210mm

2
1
0
m
m

1
8
2
m
m

G12 SMBB （18BB）

158.75mm

2021-2022, Trina Solar i-TOPCon plus: Mass production capacity 24.5% (210mm solar cell，18BB)

MBB Solar Cell

MBB Module



i-TOPCon advanced: Cell efficiency up to 26.2% (210R rectangle cell，selective emitter，back side micro-

structure reflector , high doping and low composite TOPCon structure. )

M10

G12R
（210R）

G12
（210）

182mm
210mm

2
1
0
m
m

1
8
2
m
m

1) The industry-leading innovative 210 cell size 2) Large area boron doped by laser, 
selective emitter technology 
(Efficiency increase by 0.2-0.3%)

3) Backside micro-structure reflector
(Inner back reflectivity increased by 25%)

4) High doping and low composite TOPCon 
structure.(Adopt PECVD route for tunnel oxide and 
poly-Si，doped density up to 6×1020 cm-3，2-3 times 
higher than normal LPCVD)- allows thinner layer for 
lower optical loss

Reduced damage with 

advanced laser technology

32% 42%Reflectivity

i-TOPCon advanced Technology



UP to 

450W
UP to 

620W

575W 620W

Industry average level

425W

66pcs
NEG19RC.20

66pcs
NEG21C.20

48pcs
NEG9R.28

Trina solar N-iTOPCon Vertex high efficiency series solar modules ,fit all kinds of application scenarios.

i-TOPCon advanced high efficiency module Product 
Family

G12R
(210R)

G12
(210)

182mm 210mm

2
1
0
m
m

G12
G12
R

G12
R

Product of 700W+ 
Era

Standardized 
Medium Size

Golden Size 
Small Product

UP to 

710W



Trina Solar 2023 Product Development Roadmap

Jan 2022

210N mass production 
with i-Topcon Plus 

Vertex S+ 415W
Light Weight Dual Glass 
Design
Longer Warranty 25+30Y

April 2022

Innovative 210R 
rectangle   cell  

Platform Release

+20~30W Higher power
Shipping capacity +5%
Good compatibility 
Lower system capex

Jan 2023

210RN i-TOPCon
Advanced Module 

Release 

210RP
210N

Vertex S+ power up to 
450W
Vertex N power up to 620W
Reduced BOS and LCOE
Design concept of 
innovative 210R platform
publish.

June 2023

July 2023

Q4 2023 ~ 2024

Vertex N Module Mass 
Production 

Product mass production 

Nine of leading Chinese 
PV manufacturers jointly 
release uniform 
mechanical module size 
@2382*1134mm.

Medium Module Size 
Standardization

N Type Module Mass 
Production Capacity 

Up to 70GW

By end of 2023, 
Overall module 
capacity 95GW+, 
cell capacity 
75GW+ 

May 2023

Trina Solar i-TOPCon
Technical Roadmap 

Disclosed

Vertex S+  450
Vertex N 620
Vertex N 710
Full product portfolio



Module Dimension Standardization

Vendor Progress
Standard

Medium-Size 
Module Design

Trina
Founder of rectangle 210R Cell and medium size module. 
First launch of 210R medium size module in 2021.First launch 210RN in 2023. 
Total shipment is over 15GW. Capacity >30GW

210x182 – 66

Jxkx Coordinator of module size standardization. New product size is 2382x1134 210x182 -66

Jx Based on 199 wafer, 2382x1134, 1762x1134, 2333x1134, 2465x1134 product. 
Wafer: 199x182

210x182 -66

Cxnt New product size is 2382x1134 210x182 -66

x斯

Based on Rectangular wafer size, released 2382x1134 products which have 
been exhibited on domestic and international trade shows

210x182 -66
or

191x182 -72

x升

x威

X基

x道

N-Topcon+ Rectangle wafer based standard size module

Medium size module: 2382 x1134, 210x182
Signed by 9 leading module manufactures’ CEO in 7th July 2023 



Trina Solar Vertex N Products Design Concept ·1

Wafer & Cell

G12R
(210R)

G12
(210)

182mm

210mm

2
1
0
m
m

M10
（182）

 210R wafer area, cell power increase about 15.7%， G12
increased 33.6% compare to 182

 The advantage of large-scale production is obvious

Module 
Product Vertex RN 182-72pcs N

Design 210Rx66 half-cut 182x72 half-cut

Dimension 2382x1134x30mm 2278x1134x30mm

Weight 33.7kg 31kg

Technology i-TOPCon advanced 182 TOPCon

Max Power 610W（+30W） 580W（BL）

Module Efficiency 22.6%（+0.1%） 22.5%

Voc 49.0V（-6.7%） 52.5V

Impp 14.96A 13.22A

Container capacity 720 720

Container power 439.2kw（+5%） 417.6

Container 
utilization rate

98.5% 94.5%

 Medium size module’s power increase 30W with 10.6cm* longer 
size. 

 210R-66 design，module open-circuit voltage is 6.7% lower
 Container utilization is 4% higher, reach to 98.5%. Lower carbon

emission during transportation.

* iPhone 15 长度约14.7cm

Silicon
rod

Modules with standard medium size (represented by 210R) are more competitive
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Module power Pieces per pallet Pallets per container
Container space 
utilization

Power total per 
container

182-N 580W 36 20 94.5% 417,600W BL

210R-N 610W 36 20 98.5% 439,200W +24,200W (+5%)

210R -66pcs Golden size:2382*1134mm , Maximize the use of container space

40HC container

Container inner length
12000mm > 2396mm*5

1125mm

1259mm

2396mm

Container door height 
2580mm

>1259mm*2

Container door width 
2350mm

>1125mm*2

The length, width and height of the container have 
space to be loaded and unloaded normally

210R module package size（pallet included）

i-TOPCon advanced- 210R Utility & C&I module



Trina Solar Vertex N Products Design Concept · 2

 210RN 605W Voc 3.5V lower
 According to 1500V system, each string length 

around 29 pieces, string power is 17.7kW.
 Each string increases 2 more modules, with 

+13% increase in string power.

210RN
605Wp

 182-72 module power is 30W lower
 1500V system voltage，27 modules/ string, string 

power about 15.7kW

System: The Best Partner for 
Tracking System

String: High Power, Low Voc

Design
Advantages

Product Name Vertex RN

Module Power 610W（+30W）

Voc 49.0V（-6.7%）

Impp 14.96A

Product Name 182-72pcs N

Module Power 580W（BL）

Voc 52.5V

Impp 13.22A

 1P Tracker: 3 Strings on 1 tracker, Length tracker: ~94.2m
 Tracker power: 47.1 kW/Tracker

 1P Tracker: 3 Strings on 1 tracker, Length tracker: ~ 101.0m
 Tracker power：53.1 kW/Tracker，total power increase+13%
 Total quantity of strings& module: reduced -13%
 Installation load, quantity of DC cable, MC4 connector 

reduced by 5~8%

Vertex N is optimized designed product which is pushing for a lower LCOE!
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b) Lower Degradation

N type module can help reduce the 
power loss by 0.8% compared with 
P type when cell temperature is 45 
°C

a) Lower Temperature Coefficient

Benefiting on the extra power 
gain from the rear side

c) Higher Bifaciality

Higher power generation 
during 30 year lifecycle

Ground 
Condition

PERC
70% 

(±5％)

N Topcon
80% 

(±5％)

Grass Land
Albedo=0.2

BL +3.34%

Sand
Albedo=0.4

BL +4.40%

White Paint
Albedo=0.7

BL +5.42%

Trina Solar Vertex N Products Design Concept · 3

High Power Generation:



Trina Solar Vertex N Products Design Concept · 4

Higher Reliability:

5 Rigorous Tests - Mechanical

1. Non-uniform snow-load test

2. Extreme low-temperature

3. Hail test

4. DML test

5. Extreme wind tunnel test

Withstand uneven snow load of 2.8m 

Safe and Reliable under 
-40 °C Extreme temperature

Withstand 35mm Hail Impact, 
no damage

Pass ±1500Pa Dynamic Load Test 
@ 20000 times

Pass 17 Hurricane Wind Test

 The reliability of i-TOPCon modules is generally better than PERC

 Low post-test degradation% leads to higher power generation during 

the lifecycle 

Aging Tests



Inverters Compatible With Vertex N

Suitable for All Kinds of Applications

14

Commercial and Industry Roof
610W or 710W Vertex + String Inverter

Mountain and Hilly Land Utility
Medium size 610W Vertex + String Inverter

Hundreds MW Utility 
710W Vertex N + Central Inverter







182.20-72 P 2278*1134 √ （4 string） √ （4*27） √ （62.32m） √（61.56kw）

182.20-72 N 2278*1134 √ （4 string） √ （4*26） √ （60.00m） √（60.84kw）

210-66 RN 2382*1134 √ （4 string） √ （4*28） √ （64.61m） √（66.08kw）

Compatibility of N-type Module with 2P tracker



70m
4 string 182P-72 61.81 62.32 BL BL BL

4 string 210RN-66 66.08 64.61 +0.00138 -0.0284 -0.027

Compatibility of N-type Module with 2P tracker

70m
3 string 210P-66 59.24 59.42 BL BL BL

4 string 210RN-66 66.08 64.61 -0.00416 -0.0244 -0.03574

0.51cent

0.385cent



Compatibility of N-type Module with 1P tracker

182.20-72 P 2278*1134 √ （3string） √ （3*27） √ （96.40m） √（48.69）

182.20-72 N 2278*1134 √ （3string） √ （3*26） √ （92.98m） √（46.94）

210-66 RN 2382*1134 √ （3string） √ （3*28） √ （98.48m） √（50.13）



110-120m
3 string 182P-72pcs 44955 94 BL BL BL

3 string 210RN-66pcs 51765 101 -0.0226 -0.0047 -0.0273

Compatibility of N-type Module with 1P tracker

110-120m
2 string 210P-66pcs 39600 80 BL BL BL

3 string 210RN-66pcs 51765 101 -0.0250 -0.0035 -0.0285

0.39cent

0.40cent



Challenge

Develop quick installation 

devices

Planning Factory

Third party Supplier

Maximise energy density of 

project

High labor cost in installation

Increasing local content 

requirements

Falling module  make trackers 

less attractive for some 

developers

increasing lifetime operational 

costs

Initial investment + O&M cost
LCOE  =

Life cycle power output



Multi-motor system reduce O&M cost

驱动

Mechanical failure cannot be 
self-monitored

Tracker twisted, 

Advantage: Electrical signal transmission via cable. Trackers will stop 
operating after 10 seconds of overload, current anomaly, no signal 
input, etc.

Results: No Tracker torsion occurred, protecting  Tracker and Module.
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About UL Research Institutes

UL Research Institutes is a nonprofit research organization dedicated to advancing the Underwriters 
Laboratories public safety mission through scientific discovery and application. With best-in-class experts, 
we are the world’s premier safety science research organization. We conduct rigorous independent 
research, analyze safety data and explore at the edges of technology to be the first to uncover and act on 
emerging risks to human safety.

About UL Standards & Engagement

UL Standards & Engagement is a nonprofit standards development and advocacy organization that 
translates data from safety science into practical, action-oriented safety standards. We convene experts 
worldwide and serve as a vital resource for regulators and policymakers. As a part of our public outreach 
activities, we share knowledge, advance standards-related safety policy partnerships and advocate for 
standards and regulations that result in positive safety changes.

About UL Solutions

A global leader in applied safety science, UL Solutions transforms safety, security and sustainability 
challenges into opportunities for customers in more than 100 countries. UL Solutions delivers testing, 
inspection and certification services, together with software products and advisory offerings, that support 
our customers’ product innovation and business growth. The UL Certification Marks serve as a recognized 
symbol of trust in our customers’ products and reflect an unwavering commitment to advancing our safety 
mission. We help our customers innovate, launch new products and services, navigate global markets and 
complex supply chains and grow sustainably and responsibly into the future. Our science is your advantage.

UL and the UL logo are trademarks of UL LLC © 2018. Proprietary & Confidential. 2

128 Year History of Safety Science Leadership
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Technology and Service Overview

WIND SOLAR ENERGY STORAGE

Project 

Development 

Support

Operational 

Asset 

Management

Grid SolutionsDue Diligence 

& Bankability

Testing & 

Inspection
Certification Product 

System 

Evaluation

Software & 

Data

Standards Research & 

Advanced 

Studies



Technical Due Diligence

• Lenders technical advisory.

• Acquisition due diligence.

• Vendor due diligence.

• Construction monitoring.

• Operational monitoring.

Areas of Expertise

• Wind Resource & Energy Yield Assessment.

• Design & Implementation.

• Site Conditions.

• Permitting and Environmental.

• Contracts Review.

• Programme Analysis.

• O&M Strategy.

• Financial Model.

Mitigate the risks 

associated with renewable 

energy project investment



Solar PV

We offer a comprehensive portfolio of independent testing, 

inspection, certification, advisory and software services to 

the solar energy industry that empower trust throughout the 

project life cycle and across the value chain. We can help 

you with services to manage the safety and performance of 

materials, components, products and systems with: 

• Testing, inspection and certification

• Feasibility studies, complex terrain layout and energy 

assessment

• Owner’s Engineer

• Lender Technical Advisor

• Acquisition Due Diligence

• Factory and component inspection

• PV module Bankability Study

• PV module LCOE assessment

6
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Bankability Study Report

• Technical Bankability Study report is a fully comprehensive technology review covering OEM, storage 

system, Rack and Cells including the QA/QC review and factory review. 

• Company Overview + Detailed Technology Description + Design Verification + Operating Experience 

Issues

• Best suitable if the client is a buyer, Bankability Study Report helps the client mitigate all 

equipment (PV module, bracket and tracker and etc.) related concerns.

• Detailed supplementary description of the Certification and Test results, and a comprehensive 

documents for financing. 



Bankability Study Report
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Schedule and Deliverables
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ESS Standard Establishment
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Renewables Technical Advisory & Due Diligence Recent Customers
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Bankability Study for Trina Solar

APAC-MEA
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Trina Solar N-Type Module Bankability Study Report
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Trina Solar N-Type Module Bankability Study Report
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Trina Solar N-Type Module Bankability Study Report
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Trina Solar N-Type Module Bankability Study Report
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Trina Solar N-Type Module Bankability Study Report
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UL RENEWABLES Contacts

Chakradhar Byreddy

Global Director of Renewables

Chakradhar.Byreddy@ul.com

Daniel Liang

Head of ESS Advisory

Daniel.Liang@ul.com 

Nat Wongsuryrat

Head of Renewables, Advisory, ASEAN & Greater China

Nat.Wongsuryrat@ul.com 

Honglei Sheng

Sales Manager

Honglei.sheng@ul.com 
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Thank you
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The latest news | print & online

Solar’s ‘success story’ could soon be over, 
says SolarPower Europe

by Angela Skujins

Using waste heat from PV panels to 
generate residential hot water
by Emiliano Bellini



Many more to come!

Coming up next…
Tuesday, 16 January 2024

ETIP PV White Paper –
PV Manufacturing in 
Europe, ensuring 
Resilience through 
industrial policy

MORE TO COME IN 
2024

9:00 am – 10:00 am EST, New York City

3:00 pm – 4:00 pm CET, Berlin, Paris, Madrid

In the next weeks, we will continuously 
add further webinars with innovative 
partners and the latest topics. 

Check out our pv magazine Webinar 
program at:

Registration, downloads 
& recordings are also be 
found there.

www.pv-magazine.com/webinars



https://www.sunrise-arabia.com/


Thank you for
joining today!

Mark Hutchins
Editor

pv magazine

Trina Solar
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