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Passivating contact development at a glance

• The cell architecture landscape
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Lean integration of passivating contacts

• Different aspects to be developed for maturity:

• High level of passivation

• Efficient for carrier extraction

• Swift integration at cell level

• Single-side deposition and doping

• Reduced thickness/high throughput

• Metallization

• Compatible with Ag SP+firing - present

• Compatible with Cu metallization - next

Lachowicz, A. et al., 2021 
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PERT+ (TOPCon) cell process flow

• Current TOPCon process flow loosely defined

• Different parts to be optimized/removed: 

• Avoid single-side etch after polySi activation

• Reduce overall number of steps needed

• Combine oxide/doping/annealing/cleaning
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Rationale for sputtered polySi(n)

• Sputtered polySi was shown for p-type contacts by ANU [1]

• High efficiency 23%

• Using low temperature metallization 

• PolySi deposition options

CapEx Throughput In-situ Single-sided

doping

• LPCVD Low High Difficult No

PECVD High Medium Yes Possible

Sputtering Medium High In progress Yes

• LPCVD problematic in industry due to process complexity

[1] Yan, Di, et al. Applied Physics Letters 113.6 (2018): 061603.
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In-situ/ex-situ doped polySi
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Process flow comparison for sputtered polySi

• Process compatible with mainstream PERC/PERT

• Metallization using standard Ag paste
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Estimation of metallization damage
• Presented on previous MIW

• Calibrated PL+fitting routine

• Assessment of metal damage

• J0,pass/J0,metal ratio dependency
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Passivation loss dependency on annealing temperature

• PERT+ (TOPCon) structure integration

• Cell Voc loss at cell level at 850C

• Lower Voc than expected 

with J0 total calculation

• What is happening at the material level?
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Comparison in-situ/ex-situ doped polySi

• Batch coprocessed

• Passivation

• iVoc>715 mV by in-situ doping

• iVoc>730 mV by ex-situ doping

• Contacting

• Not for in-situ doping

• ρc* <25 mΩ.cm-2 for ex-situ doped

*

*Overestimation

*

*Overestimation

Disclaimer: 

ρc only good/bad

Not accurate 
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ECV in-situ/ex-situ doped polySi

• One order of magnitude difference in doping

• N=2E20 cm-3 vs. 2-3E19 cm-3

• Limited by P content in target

• New development for in-situ promising 

• N>5E19 cm-3 (not shown)
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Ex-situ doped polySi: RF vs. DC sputtering

• DC is favorable for scalability due to simplicity and uniformity

• Similar passivation for ex-situ doped DC and RF sputtered polySi(n)

• Lower ρc for DC sputtered polySi(n)
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Ex-situ doping sources – DC sputtering
POCl3
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Upgrade to inline sputtering at Singulus

• Process upscaled to inline sputtering

• In collaboration with Singulus

• Similarly high-quality passivation

• Low contact resistivity

• Cell integration in progress

Size Doping type iVoc

(mV)

J0,pass 

(fA/cm2)

J0,met 

(fA/cm2)

ρc*

(mΩ.cm2)

4’’ Plasma-assisted single-side 736 6 14

6’’ Plasma-assisted single-side 725 10 70 13*

*Overestimation
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Certified solar cell results

• First demonstration of sputtered polySi(n) in PERT+ (TOPCon)

• Integration using homogeneous B emitter, SP+firing of Ag paste

Jsc

mA/cm2

Voc

mV

FF

%

Eff

%

Certified 40.64 697 80.5 22.8

Jsc optimized 41.5 697 80.5 23.2

Jsc + Voc + FF optimized 41.5 705 82 24.0

Simulation

Simulation

Measurement
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Summary

• Sputtered polySi passivating contacts were explored

• High passivation with in-situ and ex-situ doping

• In-situ doping for now limited in doping concentration

• Ex-situ doping demonstrated either single-sided or via POCl3

• Upgraded to industrial inline sputtering

• Direct metallization of ex-situ doped sputtered polySi

• 100 nm thick layers can stop paste while achieving low ρc

• Proof of concept PERT+ (TOPCon) cells at 22.8%

• Showing viability of sputtered polySi for high efficiency

• First demonstrator of sputtered polySi(n) in industrial solar cells
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