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IEC 60904-1-2: Measurement of current-voltage
characteristics of bifacial photovoltaic devices

V. Fakhfouri, bifiPV workshop, October 2017, Konstantz (DE)

——

/




N2
= = MEYER BURGER
/,H\\

Outline

IEC BIiFI Standard; project status

2. Standard I-V measurement of Bifacial
devices

3. |-V measurement challenges
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IEC BiFi project status
On 26" October 2017
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|IEC BIFI standard method at a = % MEYER BURGER

glance AN

A?alogy_: : Measurement | Device Output
T° coefficients

Bifacialit : Bifacialit
= y Reference device fality
[ measurement coefficients
© L
=g Determination of a, B, o _ o
P Bifacial gain : Bifaciality
= I Reference device )
b determination gain factor
S
b= Pmaxpr.t- measurement STC Production batch PM&Xstc
g PmaXSTC (CaICUIated) measurement (of the same BOM as the PmaXB”:i
o REEES), (Calculated)
o
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Step 1: Bifaciality measurement = "= MEYER BURGER

Y, N
...In PV laboratory 7\N
« Bifaciality coefficients: Front-side * Rear-side
characterization characterization
Isc, I
Pisc = 7
s¢ ISCf —h 1
_Voc, N
(pVOC - VOCf
_ Pmax;,
PPmax = Pmaxf

QY = Min (‘Plsc» ‘PPmax) r r
G =1 kWm™ G =1 kWm™

* Applies also for cells. non-irradiated background .
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Step 2: Bifacial gain determination

...In PV laboratory

=  Qutdoor or Indoor with double-side illumination:

at 1sun on the front side and Gg. on the rear side (at
least 3 levels)

= Indoor:
at equivalent 1-side irradiance levels G, (at least 3):
Gp, = 1000Wm=2+ ¢ - Gg;
i=1,23,..
@ = Min(@isc, Ppmax)
Example: For ¢ = 80%,

Gg, = 100Wm™2

Gg, = 200Wm~2, .

> Gg, = 1080Wm~2, Gg, = 1160Wm=?2

»  Pmax reporting with 2 specific bifacial gains:

* Pmaxggi;oWith 1kKWm-2 on the front and
Gr=100Wm=2or at Gg = 1kWm=+ ¢ . 100Wm

* Pmaxgigi» With 1TkWm-2on the front and
Gr=200Wm=2or at Gz = 1kWm= + ¢ . 200Wm
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Ge = 1000 Wm2 + ¢.Gp

1050 1100

1150

MEYER BURGER

1200

Pmaxgrc|

250

\BiFi = Slope of the Pmax gain plot
1

0

Examples of Pmax as a function of irradiance level on the
rear side G (for outdoor or double-side illumination) or its

50 100 150
Gp [Wm™?]

1-side equivalent irradiance G

Pmax = f(Gg)

G=1KkWm?

Or

Pmax = f(Gg)
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Power rating of Bifacial PV devices ="' uevER BURGER
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In practice 7\

I N
PV + STC (monofacial) measurement of the * STC (monofacial) measurement of the
Laboratorles key data key data

- Reference module - Reference cell
« Bifaciality coefficients measurement « Bifaciality coefficients measurement
« Bifacial gain determination » Bifacial gain determination
PV « Calibration using the Reference module » Calibration using the Reference cell
Production ¢ IV measurementof each device at STC, - IV measurement of each device at STC,
Pmaxgc reporting Pmaxgc reporting
*  Pmaxgi;0 and Pmaxgi,o Calculationand  +  Bifaciality coefficients and Bifacial gain
reporting (based on Pmaxgrc and BiFi reporting (datasheet)

gain factor)

= g a Y,
Gg = 1000 Wm2 + 9.Gg = ::'. MEYER BURGER
1000 1050 1100 1150 1200 1N
360 ' . :
[Pmducl Family: MegaSlate® \

Module Type: GG-Bifacial
Article number: 502943

) ) ?
\ | -
| 1 /
340 ‘i /+// Maximum Power point (Pmax)
i

300 W

F Short-circuit current (Isc)
T ! 86A
320 o 1 Open-circuit voltage (Voc)

/ ! 432V
~ - ' ! Bifaciality (¢) Pmaxgsiig Pmaxgeizg
o i ! 92% 328 W 356W
— : '
300 ! !
//(¥ ‘r ! IEI & X%%, W N
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Challenges = Z MEYER BURGER

For Outdoor and Double-side illumination 70\
= Non-uniformity of irradiance on the . | o
rear-side: w0 \ /———-——"" 206 &
*  NU<5% indoor; <10% £ 1% 5
OUtdoor L'.‘:ig 120 Uniformity 10% Eo
« Measured when the test area 1o [ Qizsz unitom_ % &
IS simultaneously illuminated 100 ———
On bOth Sldes > 1G-?ound Ci:rance(i;) +0
e Measured at all of the C. Deline etal., (;1$rdIEEEdPI\\I/SC): Sfimulilted
1 1 average rear irradiance an on-unirormi
Irradlance Ievels Used acrosg the module (right axis) on a moduley
. Bal’e Ce”S ContaCting W|th dlebplgy;edNal337;tiltangle over light soil (0.21
) alpedo). reduces as z Increases.
double-side illumination and
different front- and the rear-side Light
metallization source IR
‘ T° sensor

= Bare Cell's temperature _
measurement, with double-side

illumination Bare cell ~~ x _
Contacting system
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Challenges
Non-irradiated background (for G

* [rradiance on the non-exposed
side: < 3 Wm2

» Use of apertures for Module
testing strongly recommended

G@rear side [Wm-2]

o — — N
(2] (] L] (5] [e2] -

w
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®
(&)
- 200
1 _— T ; — -0
0 002 0.04 0.06 0.08 0.1
Time [s]
—— G@Comer; w/o aperture ——G@Corner; with aperture
— G@Border; w/o aperture ——G@Border; with aperture
= G@Center; w/o aperture G@Center; with aperture
— G@front side

9

Irradiance measurements on the front- and the rear-sides

/
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MEYER BURGER

- Ny
= method) I\
ifani - Aperture
Bifacial module
\‘ —
Front §ide | ' Rear side
Ha‘mi ‘//1"
Bifacial cell | Non-reflective
) material
Aperture “=l~| ~_
™~ ~a

Rl

Pasan’s Module Inspection System, MIS,
and its bifacial-compatible black hood

Front-side  Corner; Corner; Border;

(reference) w/o aperture  with aperture  w/o aperture
A\/sBell 1000.32 17.84 0.96 12.52
[Wm~]

Border; Center; Center;

with aperture
0.56

w/o aperture
0.98

with aperture
0.97

Bifacial mi |
P1: c odule
- |

P2: Border

MIS

Irradiance measurement
positions on the rear-side
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Challenges = Z MEYER BURGER

Non-irradiated background for cell testing _’/, Y
(1/3)

Hohl-Ebinger et al.: Mounting
chucks for bifacial solar cells

* [rradiance on the non-exposed
side: < 3 Wm2

= Background compensation by
extrapolation of
Isc=f(Reflectivity ) acceptable
by the standard

—> Contacting solutions evaluation by J. Levrat et al.

Pasan’s
PCRBTOUCH
Contacting
system

SO
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Challenges

Non-irradiated background for cell testing
(2/3)
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E(A
(D) TCBH(/D SRmeas(A) = SRfront (A) + Teett (D) Rpcp (D) SRpack (1)

Tfell (’DIRP CB (/1: SR back (’Dld)t
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Mean R=65.2% Mean R=4.96% Mean R=22.2%
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Mean R=16.2%
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Challenges

Non-irradiated background for cell testing

(3/3)

= |sc, determined by linear regression

= Possibility to reach the standard

requirement for the Chuck reflectivity

or to compensate it

Isc increase [mA)] for different cells

n-PERT HJT1

Bifi black

Isc, allowed energy Bifaciality

increase
n-PERT 9235.4 0.30% 0.87
HJT1 8912.3 0.30% 0.91
HJT2 8811.5 0.30% 0.92

12

Bifi white
Isc increase
max
24.1
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24.3

Isc [mA]
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Isc front [mA] vs Reflectivity [%]
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Grid touch
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Pasan std

Bifi black
Bifi whit

= HJT1

555555555555555

10 20 30 40 50 60 70
Reflectivity [%]

Isc, [MA]
n-PERT  9235.4
HIT 1 8912.3
HJT 2 88115
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Conclusion = Z MEYER BURGER

= |[EC 60904-1-2: I-V measurement of BiFi devices
« Standard project in a very advanced stage

* Reproducible method to assess bifacial devices and to value the
bifacial gain

* No requirement for new measurement equipment in PV
productions

» BiFi measurement challenges

« Uniformity of irradiance on the rear-side (outdoor, double-side
illumination)

« Bare cells contacting and temperature measurement (double-
side illumination)

« Background compensation (achievable)
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Thank you for your attention Qi MEYER BURGER
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Pasan’s new BiFi-
<— compatible module tester;
<0.5% non-uniformity

Meyer Burger’s n-type HJT |
bifacial modules with
busbarless cells; CSEM’s
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