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Results

• Lifetime measured across a

wide range of temperatures from

-50°C to +250°C. A wide

injection range was evaluated.

• 𝜏𝑒𝑓𝑓 increases with increasing

temperature for the entire ∆n

range.

• Injection-dependence of 𝜏𝑒𝑓𝑓 is

stronger at low temperature.

Introduction

• The quality of surface passivation (measured by the

surface recombination velocity - SRV) is an important

parameter towards high efficiency thin solar cells.

• Solar cells in the field operate under very different

conditions than the standard test condition (1000 W.m-2,

25°C, AM1.5G spectrum).

• Aim: to investigate the behaviour of silicon nitride

(SiNx) surface passivation layers at different

temperatures and illuminations.

Experimental Details

Figure 3: 𝜏𝑒𝑓𝑓 as a function of ∆n for a 270 μm thick

n-type silicon wafer passivated by SiNx measured at

different temperatures.

Conclusion

• This is the first time that SRV of SiNx surface passivation layers is extracted over a broad range

of temperatures (from -50°C to 250°C).

• SiNx surface passivation strongly improves with increasing temperature (for n-type substrates).

• Injection dependence of 𝜏𝑒𝑓𝑓 (SRV) is reduced with increasing temperature for the tested wafers.

Figure 2: PL open-circuit

images of six n-type

wafers passivated with

SiNx. The wafers have

different thicknesses.

Six n-type float zone silicon wafers (polished surfaces)

Etching wafers to various thicknesses 

(W, 150 μm – 270 μm)

Double-side passivated with identical plasma-enhanced 

chemical vapor deposited (PECVD) SiNx

Full RCA Clean

Temperature- and injection-dependent 

effective lifetime (𝜏𝑒𝑓𝑓) measurements 
PL imaging

Extracting SRV (two methods)

Method 1

• Plotting 1/𝜏𝑒𝑓𝑓 vs 1/W:
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where 𝜏𝑏𝑢𝑙𝑘is the bulk lifetime

Figure 1: 1/𝜏𝑒𝑓𝑓 as a function of 1/W for n-

type wafers passivated by SiNx measured

at 150°C.

Method 2

• Upper limit of SRV is calculated

assuming the bulk Shockley-

Read-Hall (SRH) recombination

is negligible. Intrinsic lifetime

𝜏𝑖𝑛𝑡 is calculated according to

the model proposed by Richter

et al.
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• Using samples with different

thicknesses and identical

surface passivation improves

the accuracy of the SRV values

determined with this method.

• Only the thinner samples

show a ‘hump’ in the local

ideality factor plot (Figure 8).

• With increasing temperature,

this ’hump’ disappears as

shown in Figure 9.

Figure 7: SRV as a function of temperature for an n-

type wafer passivated by SiNx at ∆n =1015 cm-3 and

∆n =1014 cm-3.

Figure 4: Average SRVmax as a function of ∆n for n-

type silicon wafers passivated by SiNx measured at

different temperatures.

Figure 6: SRVmax as a function of ∆n for n-type

silicon wafers passivated by SiNx with different

thicknesses at 30°C.

Figure 5: SRV as a function of ∆n for n-type silicon

wafers passivated by SiNx measured at different

temperatures.

• A significant improvement of the surface passivation is observed with

increasing temperature.

• At ∆n > 1015 cm-3, SRV is less dependent on the temperature.

• Different SRV for the six samples - this may be due to non-uniformities

in the surface or bulk as shown in Figure 2.
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Figure 9: Local ideality factor vs. ∆n of a 160

μm thick n-type wafer passivated by SiNx

measured at different temperatures.

Figure 8: Local ideality factor vs. ∆n for n-type

wafers passivated by SiNx with different

thicknesses at 30°C.
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