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Main Takeaways

• CFV Labs has the state-of-the-art equipment to carry out the IEC 61853-1 Performance Matrix 

and IEC 61853-2 Incident Angle Modifier (IAM) tests accurately.

• CFV Labs’ test procedures have been fine-tuned through collaboration with Fraunhofer ISE and 

Sandia National Labs.

• CFV Labs has developed PANOpt® to automate the task of PVsyst 6 PAN file optimization, and 

the tool works reliably and accurately for different module types and cell technologies.

• Major module manufacturers are repeat customers.
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1. What is a PAN File Test?

• PAN Files
▪ PAN files are PV module descriptors used in PVsyst, a widely used PV yield simulation software.

▪ North American developers and independent engineers often require module PAN files from third-party labs.

• PAN File Test
▪ PAN file test is a subset of tests defined in IEC 61853 standards.

▪ IEC 61853-1: Performance at multiple irradiances and temperatures

▪ IEC 61853-2 §8: Incident angle modifier (IAM) profile

▪ From the test data, the parameters of the PVsyst single-diode model have to be derived. CFV has developed PANOpt®, a software 

that automates this process.
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2.1 Single-Diode Model Basics

• The basic single-diode model is simple and well-accepted.

• However, there are many different “flavors” of the model, differing on how the parameters are set 

to vary with irradiance and temperature.
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2.2 PVsyst 6 Single-Diode Model

• PVsyst 6 uses the following relationships for the irradiance and temperature dependence of the 

model parameters. “0” subscript refers to the value at STC.
▪ 𝑰𝒑𝒉 = Τ𝑮 𝑮𝟎 ∙ 𝑰𝒑𝒉𝟎 ∙ 𝟏 + 𝝁𝑰𝒔𝒄 ∙ 𝑻𝑪 − 𝑻𝟎

Iph proportional to irradiance and varies linearly with temperature; Well-accepted.

▪ 𝑰𝒐 = 𝑰𝒐𝟎 ∙ Τ𝑻𝑪 𝑻𝟎
𝟑 ∙ 𝒆𝒙𝒑 Τ𝒒 ∙ 𝑬𝒈 𝜸 ∙ 𝒌 ∙ (

𝟏

𝑻𝟎
−

𝟏

𝑻𝑪
)

De Soto model; Well-accepted.

▪ 𝑹𝒔𝒉 = 𝑹𝒔𝒉𝟎 + (𝑹𝒔𝒉𝑮=𝟎 − 𝑹𝒔𝒉𝟎) ∙ 𝒆𝒙𝒑[−𝑹𝒔𝒉𝑬𝒙𝒑 ∙ Τ𝑮 𝑮𝟎 ]
Rsh varies exponentially with temperature; Disputed.

▪ 𝑹𝒔 = 𝑹𝒔𝟎
Series resistance does not vary with temperature; Disputed.

▪ 𝜸 = 𝜸𝟎 ∙ 𝟏 + 𝝁𝜸 ∙ 𝑻𝑪 − 𝑻𝟎
Ideality factor gamma varies linearly with temperature; Disputed.

• In addition to Iph0, Io0, Rsh0, Rs0, and γ0 (the 5 parameters), μIsc and μγ are important sub-

parameters. (RshG=0 and RshExp are not very important for modern c-Si modules.)
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2.3 Incident Angle Modifier

• All interfaces have reflectance that varies with

the angle of incidence (AOI).

The reflectance depends on the AOI and also

the polarization (Fresnel equations).

• The Incident Angle Modifier (IAM) concept was

first adopted in the Sandia Array Performance

Model (2004), and it is called “relative

transmission” in IEC 61853-2:2016.

• In PVsyst simulation, the IAM values in

the mid-range AOI intervals are important.
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3.1 IEC 61853-1 Performance Matrix Test

• IEC 61853-1 defines 4 temperatures (15, 25, 50, and 75C) and 7 irradiances (100, 200, 400, 600, 

800, 1000, and 1100 W/m2) for the performance data acquisition.

• The irradiance and temperature range captures the majority of global site conditions.

• Shown on the right

is a plot of PVsyst-

estimated module

temperatures in

open-rack

installations at

4 different locations.
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3.2 CFV’s Isothermal Flasher

• Class A+A+A+ Halm indoor flasher with a built-in thermal chamber allows accurate I-V sweeps in 

the 15-75C range.

• Isothermal method is superior to hot-potato or toaster-box methods in accuracy and 

reproducibility.

• CFV has developed its own know-how over years on using this tool reliably.

Sample module 

Voc and Pmp 

versus 

temperature plots 

show excellent 

linearity.



10CONFIDENTIAL      

3.3 IEC 61853-2 Incident Angle Modifier (IAM) Test

• CFV uses two Soitec
two-axis trackers in our
outdoor yard to carry out
the Incident Angle Modifier
(IAM) test.

• Carefully conducted outdoor                                                                                                  
measurements agree with                                                                                                      
both Fresnel models and ray                                                                                                  
trace simulations. 

• Since version 6.6,
PVsyst includes IAM
profiles derived from
simplified Fresnel models.

• The simplified-Fresnel IAM profiles in PVsyst are very comparable to our test results. We 
recommend that our customers consider using one of the included IAM profiles consistent 
with measured IAM profiles instead of using one from an actual test.
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3.4 Considerations for Bifacial Modules

• From version 6.6.2, PVsyst supports the 

simulation of bifacial systems, using a 2D view-

factor approach.

• A module type can be defined as bifacial with a 

check box in a module definition dialog, and a 

bifaciality factor can be set.

• To calculate the bifaciality factor, independent 

frontside and backside I-V measurements per 

IEC TS 60904-1-2 are necessary.

▪ CFV participated in the first round robin 

testing of bifacial modules in 2018, organized 

by SERIS of Singapore.

• IEC 61853-1 matrix test is carried out with the 

backside covered.
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4.1 PANOpt®: CFV’s PAN File Optimizer

• PANOpt®, CFV’s proprietary software for PAN file optimization, automates the process of finding 

PVsyst 6 model parameters from the IEC 61853-1 test data.

STC Isc, Voc, 

Imp, Vmp

Meas. muIsc, 

muPmp, Rs

Simulate

IEC 61853-1 

Matrix with 

PVsyst 6 Model

Calculate RMSE 

over

IEC 61853-1 

Matrix

RMSE Lower 

than Threshold 

and Stable?

Optimum

Rs, Rsh, RshG0, 

muPmp

Vary Rs, Rsh, 

RshG0, muPmp, 
muGamma or 

di²/μτeff*



13CONFIDENTIAL      

4.2 PANOpt® Finds Accurate Solutions

• PANOpt® is a proven tool. We have used it to find optimum solutions for various technology 

types:
▪ Silicon (p-type and n-type) 60 cells and 72 cells, CdTe

▪ Conventional ribbon / multi-wire busbar / shingle interconnection
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5. PAN File Test Flow at CFV

• Due to risks in shipping, we recommend that 

our customers send extra samples. Samples 

for testing will be selected after EL imaging.

• For bifacial modules, the Performance Matrix 

and Temperature Coefficients are carried out 

on the frontside only, with the backside 

covered.  The module bifaciality is measured 

separately.

3 samples

Visual Inspection + EL Imaging

Stabilization (> 20 kWh/m2)

Performance at STC Frontside

Performance at STC Backside

(bifacial modules only)

IEC 61853-1 Performance Matrix

+ Temperature Coefficients

PAN File Generation with PANOpt®

Reporting
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6. Summary

• PVsyst is a widely used software for PV system performance modeling.

A “PAN file” describes the performance model for a PV module.

• The tests in IEC 61853-1:2011 and IEC 61853-2:2016 provide standard datasets for the PAN file 

parameter extraction.

• CFV’s PANOpt® software automates the PAN file parameter extraction, and it is a proven tool 

that has found accurate solutions for a variety of module types.

• CFV understands the tests and the performance model details.

• IAM (incident angle modifier) tests are now offered in PVsyst by default. It is recommended that 

default Pvsyst IAM profiles consistent with measured data are used.   
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Annex 1: IEC 61853-1 Requirements on Samples

• IEC 61853-1:2011 requires that the samples be stabilized prior to the Performance Matrix testing.

• CFV applies the MQT 19 procedure from IEC 61215-2:2016 for the stabilization:
▪ Si: Minimum 2 outdoor exposures of > 5 kWh/m2, until Pmp stabilizes to within 1%

▪ CdTe: Minimum 3 indoor soaks of > 20 kWh/m2 dose, until Pmp stabilizes to within 2%

▪ CGS: Minimum 3 indoor soaks of > 10 kWh/m2 dose, until Pmp stabilizes to within 2%

• IEC 61853-1:2011 also requires that the samples fall within the power range specified by the 

manufacturer of this product.

• CFV will take the manufacturer Pmp tolerance (binning range if Pmp tolerance not available) and 

CFV’s measurement uncertainty into consideration when checking the sample Pmp.
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Annex 2: Data Scaling

• CFV offers two methods for scaling the Performance Matrix data to match the nominal Pmp at 

STC:

• “Nameplate STC” approach (default, widely used in the industry)
→ PAN files with Voc and Vmp matching nameplate values.

− Pmp values are multiplied by [Pmp Gain]=[Nameplate Pmp]/[Measured STC Pmp].

− [Voc Gain]=[NP Voc]/[Measured STC Voc], [Vmp Gain]=[NP Vmp]/[Measured STC Vmp].

− [Imp Gain]=([Nameplate Pmp]/[Nameplate Imp])/[Measured STC Imp]

− [Isc Gain] = [Target STC Isc]/[Measured STC Isc],

[Target STC Isc]=[Imp Gain]*[Measured STC Imp]/[NP Imp] * [NP Isc]

• “Measured STC” approach (for high-accuracy applications)
→ PAN files with current and voltage outputs reflecting the actual sample performance.

− Pmp values are multiplied by [Pmp Gain]=[Nameplate Pmp]/[Measured STC Pmp].

− Isc, Voc, Imp, and Vmp are multiplied by [Pmp Gain]1/2.
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Annex 3: Additional Power Classes

• CFV can create PAN files for non-tested power classes too, as long as the power class falls 

within ±5% of the stabilized power of the tested samples.
▪ Example: If tested samples were of 365 W power class but actually showed 366.7 W average Pmp after stabilization, we can create up 

to 385 W power class PAN files.

• Performance Matrix data will be scaled as described in the previous slide, to match the nominal 

Pmp of the additional power class.

• The “Data Source” field in the PAN file will show:

“CFV – Scaled from [Measured STC Pmp] ([Tested Power Class] class)”
▪ Example: “CFV – Scaled from 366.7 (365W class)” for the 385 W PAN file
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Annex 4: Outdoor IAM and PVsyst - 1

• On 2017-01-30, PVsyst announced on its forum that they will no longer accept outdoor-measured 

IAM profiles, due to the lack of reproducibility of the outdoor IAM profiles that they have received 

(https://forum.pvsyst.com/viewtopic.php?t=2690).

• CFV’s outdoor-measured IAM profiles do not suffer from the issues mentioned in the PVsyst post 

because we have continuously improved our method since 2015, above and beyond the 

requirements of the IEC 61853-2:2016 standard.
▪ Daniel Zirzow of CFV is currently participating in the IEC 61853-2 amendment project, to incorporate CFV’s findings on the outdoor 

method into the standard.

• Nonetheless PVsyst’s policy of not accepting outdoor-measured IAM profiles still holds, and it is 

not possible for CFV’s customers to use the CFV-measured IAM profile on the PAN files to be 

registered on the PVsyst database.

• CFV has two recommendations (next slide).

https://forum.pvsyst.com/viewtopic.php?t=2690
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Annex 4: Outdoor IAM and PVsyst - 2

• Since the version 6.7, PVsyst offers Fresnel-based

IAM profiles for different glass types. 
▪ CFV found the IAM profile for “AR coating” to be in

good agreement with its measurement results on

the PV modules using AR-coated glass.

• CFV’s recommendations:
1. If the goal is to register optimized PAN files on the

PVsyst database, we recommend that the customer

use one of the generic IAM profiles offered by PVsyst provided that                                                          

the generic IAM profile is consistent with measured IAM data and                                                             

only do 61853-1 testing + optimization at CFV (IAM testing is optional).

2. If the goal is to provide a measured IAM profile to project developer or independent engineers, we recommend that the customer 

carry out the 61853-1 + IAM testing and provide the optimized PAN file with the measured IAM profile DIRECTLY to the developer 

and IEs.
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Annex 4: Outdoor IAM and PVsyst - 3

• At EU PVSEC 2018, DTU of Denmark presented                                                                                  
the results of a European round robin IAM test on                                                                            
single-cell coupons.
▪ Eight different labs participated,

with only one lab using
the outdoor method.

▪ Biggest outliers came from two labs
using the indoor method.

• The results indicate that the
accuracy/reproducibility of the IAM
test is a lab-dependent issue, and not
an outdoor-vs-indoor issue.

• In early 2019 CFV participated in an extension of this round robin testing for labs in the United States.  
The results of the expanded round robin testing were presented at the May 2019 PV Systems 
Symposium in Albuquerque, NM. CFV’s outdoor IAM measurements were consistent with the 
measured data provide by other reputable test labs. 
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Thank you.
CFV Labs

5600A University Blvd SE

Albuquerque, NM 87106, U.S.A.

505-998-0100

Project inquiries: jim.crimmins@cfvsolar.com

www.CFVLabs.com
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