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NEXT GENERATION 

SOLAR CELLS WITH 

TAILORED REDUCED 

GRAPEHENE OXIDE



KEY PROBLEMS IN 

MONO-SI SOLAR CELLS
• SURFACE RECOMBINATION: ELECTRONS AND HOLES

RECOMBINE AT THE SURFACE, REDUCING EFFICIENCY.

• CONTACT RESISTANCE: METAL CONTACTS CREATE

RESISTANCE, LOWERING POWER OUTPUT.

• LIGHT REFLECTION: A PORTION OF SUNLIGHT REFLECTS

INSTEAD OF ENTERING THE SILICON LAYER.

• SERIES RESISTANCE & CHARGE TRANSPORT: LIMITS

CURRENT FLOW AND FILL FACTOR.



CURRENT COMPETING  TECHNOLOGIES IN SOLAR 
CELLS SLIDE-1

• OVERVIEW

• COMBINES CRYSTALLINE SILICON WAFER WITH AMORPHOUS SILICON THIN

LAYERS.

• BIFACIAL BY DEFAULT, HIGH EFFICIENCY BUT COSTLY.

• REQUIRES LOW-TEMPERATURE PROCESSING → COMPATIBLE WITH THINNER

WAFERS.

• STRUCTURE

• FRONT: TRANSPARENT CONDUCTIVE OXIDE (TCO) + A-SI:H (P-LAYER)

• MIDDLE: N-TYPE C-SI WAFER

• REAR: A-SI:H (N-LAYER) + TCO + METAL GRID

PERC (PASSIVATED EMITTER AND REAR CONTACT)



CURRENT COMPETING  TECHNOLOGIES IN SOLAR 
CELLS SLIDE-2

• TOPCON (TUNNEL OXIDE PASSIVATED CONTACT)

• OVERVIEW

• A NEXT-GEN TECHNOLOGY DEVELOPED TO OVERCOME PERC’S EFFICIENCY LIMIT.

• USES A THIN OXIDE LAYER + POLY-SI LAYER ON THE REAR TO REDUCE RECOMBINATION

AND IMPROVE ELECTRON PASSIVATION.

• STRUCTURE

• FRONT: SIMILAR TO PERC

• REAR: ULTRA-THIN SIO₂ (~1–2 NM) + DOPED POLY-SI LAYER + METAL CONTACT

• TYPICALLY USES N-TYPE WAFERS (BETTER STABILITY AND LOWER LID)

TOPCon (TUNNEL OXIDE PASSIVATED CONTACT)



CURRENT COMPETING  TECHNOLOGIES IN SOLAR 
CELLS SLIDE-3

• OVERVIEW

• COMBINES CRYSTALLINE SILICON WAFER WITH AMORPHOUS SILICON THIN

LAYERS.

• BIFACIAL BY DEFAULT, HIGH EFFICIENCY BUT COSTLY.

• REQUIRES LOW-TEMPERATURE PROCESSING → COMPATIBLE WITH THINNER

WAFERS.

• STRUCTURE

• FRONT: TRANSPARENT CONDUCTIVE OXIDE (TCO) + A-SI : H (P-LAYER)

• MIDDLE: N-TYPE C-SI WAFER

• REAR: A-SI : H (N-LAYER) + TCO + METAL GRID

HJT (HETEROJUNCTION WITH INTRINSIC THIN LAYER)



COMPARISON OF CURRENT COMPETING  
TECHNOLOGIES

TECHNOLO
GY

EFFICIENCY 

(COMMERCIA

L/LAB)

COST & 

COMPLEXITY

KEY 

ADVANTAGES

DRAWBACKS 

& 

CHALLENGES

MARKET SHARE 

(2025 

ESTIMATES)

PERC
~21–23% 

(COMMERCIAL), 
~24.5% (LAB)

LOWEST CAPEX; 

HIGHLY MATURE

LOW-COST 

UPGRADES; 
BROADLY 
DEPLOYED

EFFICIENCY 

CEILING; 
DEGRADATION 

ISSUES (LID)

~<30–35%, 

FALLING RAPIDLY 
(PMARKET 
RESEARCH, 

INFOLINK GROUP, 
TAIYANGNEWS -

ALL ABOUT SOLAR 

POWER)

TOPCON
~23–25% 

(COMMERCIAL), 
~26%+ (LAB)

MEDIUM CAPEX; 

UPGRADEABLE 
FROM PERC

HIGHER 

EFFICIENCY; LOW 
LID, BETTER 
STABILITY

REQUIRES NEW 

TOOLS; HIGHER 
INITIAL COSTS

~70–80%, 

LEADING 
TECHNOLOGY IN 

2025 

(TAIYANGNEWS -
ALL ABOUT SOLAR 

POWER)

HJT
~24–26% 

(COMMERCIAL), 
~26.8%+ (LAB)

HIGH CAPEX; 

SPECIALIZED 
EQUIPMENT

HIGHEST 

EFFICIENCY; 
BIFACIAL; LOW 

TEMP 

COEFFICIENT

EXPENSIVE 

MATERIALS & 
PRODUCTION; 
SUPPLY CHAIN 

CONSTRAINTS

~7–9% OF HIGH-

EFFICIENCY CELL 
CAPACITY (2024–
2026 FORECAST) 

(REUTERS)

https://pmarketresearch.com/chemi/photovoltaic-perc-hjt-topcon-battery-market/?utm_source=chatgpt.com
https://www.infolink-group.com/energy-article/solar-topic-explosive-growth-of-topcon-capacity-accelerates-p-n-technology-transition?utm_source=chatgpt.com
https://taiyangnews.info/technology/solar-cell-technology-trends-in-2024?utm_source=chatgpt.com
https://taiyangnews.info/technology/next-gen-solar-cell-technologies-projections?utm_source=chatgpt.com
https://www.reuters.com/business/energy/trina-solar-sets-world-record-solar-technology-2025-01-06/?utm_source=chatgpt.com


WHAT WE HAVE MADE: TAILORED rGO

FOR NEXT-GEN SOLAR CELLS
SLIDE-1

TAILORED rGO FOR PERC: CONVENTIONAL

PERC CELLS STRUGGLE WITH

RECOMBINATION LOSSES AT THE REAR

INTERFACE DUE TO POOR PASSIVATION AND

SURFACE DEFECTS. OUR TAILORED rGO

SOLUTION FORMS A SMOOTHER, DEFECT-

CONTROLLED REAR SURFACE THAT REDUCES

RECOMBINATION, IMPROVES LIGHT

TRAPPING, AND INCREASES EFFICIENCY.



WHAT WE HAVE MADE: TAILORED rGO

FOR NEXT-GEN SOLAR CELLS
SLIDE-2

TAILORED rGO FOR TOPCON: STANDARD 

TOPCON ARCHITECTURES OFTEN EXHIBIT 

LIMITED CARRIER SELECTIVITY AND 

PERFORMANCE DEGRADATION UNDER HEAT 

STRESS. OUR TAILORED rGO INTERFACE 

STRENGTHENS ELECTRICAL CONTACT WHILE 

PRESERVING PASSIVATION QUALITY AND 

PROVIDES THERMAL STABILITY FOR LONG-

TERM RELIABILITY.



WHAT WE HAVE MADE: TAILORED rGO

FOR NEXT-GEN SOLAR CELLS
SLIDE-3

TAILORED rGO FOR HJT: HETEROJUNCTION CELLS

DEPEND ON COSTLY TRANSPARENT CONDUCTIVE

OXIDES (TCOS), WHICH HAVE LIMITED CONDUCTIVITY

AND INCREASE MANUFACTURING COSTS. OUR

TAILORED rGO-BASED TRANSPARENT LAYER IMPROVES

CONDUCTIVITY, REDUCES TCO DEPENDENCY, AND

MAINTAINS HIGH OPTICAL TRANSPARENCY FOR

SUPERIOR LIGHT ABSORPTION.



WHERE rGO CAN HELP (BOTH PERC 

& TOPCON)

• TRANSPARENT OVER-CONTACT / CURRENT-SPREADING LAYER

(FRONT SIDE): REDUCES LATERAL SERIES RESISTANCE, IMPROVES FF 
AND ALLOWS AG PASTE REDUCTION.

• ULTRA-THIN rGO INTERFACIAL PASSIVATION (AT METAL/SI OR

SINₓ/METAL EDGES): REDUCES SURFACE RECOMBINATION AND

IMPROVES VOC.

• HYBRID FRONT TCO SUBSTITUTE/ASSIST (rGO + AGNW OR rGO + 
THIN ITO) — MORE COMMON FOR HJT, BUT CAN BE USED ON

PREMIUM TOPCON MODULES TO REDUCE TCO COST.



rGO INTEGRATION POINTS & 

THERMAL SEQUENCING FOR PERC

PERC (TYPICAL SEQUENCE):

• HIGH-TEMP STEPS (DIFFUSION, FRONT AG FIRING, REAR AL FIRING, 
ALD/PECVD PASSIVATION) ARE DONE FIRST.

• APPLY rGO AFTER ALL HIGH-TEMPERATURE PROCESSES AND AFTER

FRONT METALLIZATION IS FIRED. THAT AVOIDS EXPOSING rGO TO

>250–300 °C WHICH MAY BE ACCEPTABLE BUT CAN CHANGE

PROPERTIES.

• TYPICAL APPLICATION: SPRAY/SLOT-DIE OVER FIRED AG FINGERS + 
MILD THERMAL (200–250 °C IN N₂) OR PHOTOREDUCTION.



rGO INTEGRATION POINTS FOR 

TOPCON

TOPCON REQUIRES TUNNEL OXIDE + POLY-SI DEPOSITION WHICH

INVOLVES HIGH-TEMPERATURE PROCESSING EARLIER IN THE FLOW.

• ALWAYS APPLY rGO AFTER ALL HIGH-TEMPERATURE TOPCON STEPS

AND AFTER METALLIZATION FIRING. DO NOT DEPOSIT rGO BEFORE OR

DURING POLY-SI/TUNNEL OXIDE PROCESSING — IT WILL BE DESTROYED

OR CONTAMINATE TUNNEL OXIDE.

• BECAUSE TOPCON TUNNEL OXIDE IS EXTREMELY THIN (1–2 NM), 
ENSURE rGO PROCESSING DOES NOT INTRODUCE CONTAMINANTS THAT

COULD LATER INCREASE RECOMBINATION — AGAIN, APPLY rGO
ONLY AFTER CELL FINALIZATION



rGO INTEGRATION POINTS FOR HJT 

SLIDE-1 
• GLASS / EVA / ENCAPSULANT — STANDARD MODULE LAMINATION STACK.

• FRONT COVER GLASS

• (OPTIONAL) AR LAYER ON GLASS — STANDARD.

• FRONT TCO HYBRID (rGO + AGNW + THIN ITO CAP) — REPLACE OR REDUCE

ITO:

• AGNW SPARSE NETWORK: AREAL DENSITY ~0.2–0.4 MG/M² (PROVIDES

HIGHWAYS).

• rGO FILM: 10–20 NM DRY (PERCOLATED) FILLS GAPS AND SMOOTHS

JUNCTIONS.

• THIN ITO CAP: 20–30 NM (PROTECTS AGNW, REDUCES ABRASION, IMPROVES

CONTACT TO METAL GRIDS) — OPTIONAL (REDUCES INDIUM USE

SIGNIFICANTLY).



rGO INTEGRATION POINTS FOR HJT 

SLIDE-2 

• FRONT A-SI:H (P-LAYER) / INTRINSIC A-SI:H

PASSIVATION — STANDARD HJT.

• N-TYPE C-SI WAFER (THICKNESS ~150–180 ΜM) —

ABSORBER.

• REAR INTRINSIC A-SI:H / N-TYPE A-SI:H (DOPED) 

CONTACT — STANDARD HJT REAR.

• REAR TCO / METAL — STANDARD (E.G., ZNO:AL + 

AG/AL CONTACTS).

• BACKSHEET / FRAME.



rGO INTEGRATION POINTS FOR HJT 

SLIDE-3
• WHERE rGO SITS AND WHY

• PRIMARY ROLE (FRONT): HYBRID TRANSPARENT ELECTRODE — rGO

BRIDGES AGNW JUNCTIONS, REDUCES SHEET RESISTANCE AND

ALLOWS DRASTIC THINNING OF ITO OR FULL ITO REMOVAL IN PILOT

CASES.

• SECONDARY ROLE (CONTACTS): rGO OVER-CONTACT STRIPES

UNDER THE METAL GRID TO SPREAD CURRENT AND REDUCE AG

PASTE USAGE.

• TERTIARY ROLE (PRIMER): ULTRA-THIN GO PRIMER (1–3 NM) AT

METAL INTERFACES TO IMPROVE ADHESION AND LOCAL

PASSIVATION.



COMPARISON OF HJT VS PERC VS TOPCON WITH PROS AND 
CONS AND UTILITY OF TAILORED rGO SLIDE-1

Feature / 

Metric
PERC TOPCon HJT rGO

What it is

Crystalline Si 

cell with rear 

passivation

Si cell with 

tunnel-oxide 

+ poly-Si rear

c-Si + thin a-

Si layers + 

TCO

2D 

conductive 

carbon 

material

Primary 

domain

Mainstream 

PV
Next-gen PV

High-

efficiency PV

Additive / 

electrode 

material

Key strength
Low cost, 

mature

High 

efficiency, 

low LID

Best 

efficiency, 

bifacial

High 

conductivity, 

tunable

Key 

weakness

Efficiency 

ceiling, LID
Higher CAPEX

Very high 

CAPEX

Integration 

complexity



COMPARISON OF HJT VS PERC VS TOPCON WITH PROS AND 
CONS AND UTILITY OF TAILORED rGO SLIDE-3

Aspect
Relevance to 
PERC

Relevance to 
TOPCon

Relevance to 
HJT

Possible role
Additive in silver 
paste, 
encapsulant

Back contact 
conductive 
additive

Transparent 
conductive 
hybrid layer

Challenges
Maintain low-
cost structure

Protect tunnel-
oxide layer

Match 
transparency + 
sheet resistance

Value 
proposition

Low Ag cost, 
durability

Contact 
improvement

Alternative to 
ITO, 
mechanical 
flexibility



COMPARISON OF HJT VS PERC VS TOPCON WITH PROS AND 
CONS AND UTILITY OF TAILORED rGO SLIDE-3

Feature / 

Metric
PERC TOPCon HJT rGO

What it is

Crystalline Si 

cell with rear 

passivation

Si cell with 

tunnel-oxide + 

poly-Si rear

c-Si + thin a-Si 

layers + TCO

2D conductive 

carbon 

material

Primary 

domain

Mainstream 

PV
Next-gen PV

High-

efficiency PV

Additive / 

electrode 

material

Key strength
Low cost, 

mature

High 

efficiency, low 

LID

Best 

efficiency, 

bifacial

High 

conductivity, 

tunable

Key weakness
Efficiency 

ceiling, LID
Higher CAPEX

Very high 

CAPEX

Integration 

complexity



COST-BENEFIT OF RGO INTEGRATION IN NEXT-GEN 

PV (ILLUSTRATIVE EXAMPLE)

Parameter
Without RGO 

(Conventional)
With RGO Integration Benefit / Impact

Silver Paste Usage 80–100 mg per cell
50–60 mg per cell (using 

RGO hybrid ink)

30–40% Ag reduction → 

significant material cost 

savings

Cost per Watt (Material) ~$0.015/W ~$0.011/W
~25% lower 

metallization cost

Module Efficiency 

Impact

Baseline (e.g., 24% for 

TOPCon)

+0.1–0.2% (due to 

improved conductivity)
Extra yield, better ROI

Reliability Standard

Enhanced (corrosion & 

thermal cycling 

resistance)

Longer module life → 

lower LCOE

Additional RGO Cost $0
~$0.0008–0.001/W 

(material + processing)

Negligible vs silver 

savings

Net Gain per GW 

Production
–

~$8–10 million savings 

(based on Ag price 

$0.7/g)

Huge scalability 

advantage



WHO EMBRACE INNOVATION TODAY. WITH NEXT-

GENERATION TECHNOLOGIES LIKE TOPCON, HJT, AND 

ADVANCED MATERIALS SUCH AS rGO UNLOCKING 

UNPRECEDENTED EFFICIENCY AND DURABILITY, THE 

OPPORTUNITY TO LEAD THE CLEAN ENERGY 

REVOLUTION IS NOW. LET’S COMBINE YOUR VISION WITH 

OUR EXPERTISE TO CO-CREATE BREAKTHROUGH 

SOLUTIONS THAT NOT ONLY REDEFINE PERFORMANCE 

BUT ALSO SET NEW BENCHMARKS FOR SUSTAINABILITY. 

TOGETHER, WE CAN TRANSFORM INNOVATION INTO 

IMPACT

PARTNER WITH US TO POWER A 

BRIGHTER, GREENER 

TOMORROW.”


