
• Contact difficulties arise for finer and 
denser busbars (BB), and for back-contact 
(BC) solar cells with varied metallisation 
patterns
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Contacted current-voltage measurements 

• Increased 
risk of cell 
breakage 

Although contacted current-voltage (I-V) measurements are the industry standard, they present several limitations:
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• Short-wavelength photoluminescence (PL) is 
insensitive to sample optical properties, showing 
only iVOC variations

Suns-implied open-circuit voltage (iVOC)

PL = exp
i𝑉𝑉OC
𝑉𝑉th

� 𝑘𝑘PL

Vth: Thermal voltage
kPL: Calibration factor

• Same kPL can be applied to samples with different 
optical properties, with a maximum error of 5 mV

• The contacted and contactless methods agree within 
5 mV across all illumination intensities

Fig. 2 Contacted and contactless Suns-(i)VOC, and iVOC image 
at 1 Sun for (a) silicon heterojunction (SHJ) and (b) BC cells

• Employing contactless electroluminescence (EL), 
due to lateral currents flowing from illuminated to 
non-illuminated regions

EQE λ =
EL λ
∅EX λ

� 𝑘𝑘EQE

λ : Wavelength
∅EX: Excitation photon flux
kEQE: Calibration factor based 
on 600 nm reflectance (R)

Fig. 4 Contactless and contacted EQEs, and R of (a) SHJ and 
(b) BC cells

• Table 1 shows the short-
circuit current density (JSC) 
extracted from EQE and 
AM1.5G spectrum

• Contactless and contacted 
EQEs agree within 3%

• Utilising PL with non-uniform illumination patterns

• Illuminated regions: PL with current extraction (PLCE)

• Non-illuminated areas: contactless EL
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Fig. 3 Contactless EQE 
setup and principle 𝑅𝑅S =

𝑉𝑉th � ln(PLCE/EL)
𝐽𝐽𝐿𝐿 − 𝐽𝐽0/𝐶𝐶 � (PLCE − EL)

JL: Light-generated current density
J0/C: Dark saturation current density/calibration factor
Two operation points (PLCE, EL) and two illumination 
intensities are needed to solve RS and J0/C
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Fig. 5 Contactless RS imaging setup and principle

Fig. 6 (a) Contactless and (b), (c) contacted RS images of  a 
SHJ cell with RS features

Fig. 7 Pseudo J-V curves as obtained from contactless and 
contacted methods for (a) SHJ and (b) BC cells

Pseudo current density-voltage (J-V)

SHJ BC

Contactless Contacted Contacted 
(Wavelabs) Contactless Contacted Contacted 

(Wavelabs)
VOC (mV) 741.1 742.1 744.3 685.2 684.6 688.8

JSC (mA/cm2) 38.6 38.9 38.1 41.2 41.6 41.6
pFF 83.7% 83.7% 85.2% 82.6% 83.6% 83.1%

pPmpp 
(mW/cm2) 24.0 24.2 24.1 23.3 23.8 23.8

Table 1. Pseudo-J-V parameters extracted from contactless and 
contacted methods for SHJ and BC cells (pFF: Pseudo fill factor; 
pPmpp: Pseudo maximum power point)

• Reduced 
measurement 
throughput

• Probe 
shading 
effects

Contacted current-voltage measurements 

External quantum efficiency (EQE) Series resistance (RS) imaging

Fig. 1 Suns-iVOC principle
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• Using Suns-PL to 
extract Suns-iVOC via:
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• The local high-RS features are consistent between 
both methods

• The contacted RS images fluctuate due to unreliable 
contacts on thin busbars

• Better contact techniques are needed to validate the 
contactless method
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