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Abstract:

Recently, independent research groups havea@xd camera based techniques to evaluate
local silicon solar cells parameters. Among thesghiques, Dark Lock-In Thermography
DLIT is, conventionally, used to evaluate shuntd amnority carrier lifetime, but, since few
years DLIT is becoming a versatile technique capéddo full solar cell characterisation.

Here, we apply a DLIT based method to evalualE sell local dark parameters. The method
is completed by external evaluation of local seresistance from two electroluminescence
images taken under different conditions.
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Introduction

The widely accepted model of silicon solar celshe so-called two-diode model, eq.1. In
this model the first diode represents diffusionreat with a saturation currefy§; and unity
ideality factor, and a second diode representingmdination current with a saturation current
Jo2 and an ideality factat (after [1] it equals to 2 in ideal conditions).dark, these two terms
have to be summed up to give the total current

J(V) = Jo1 exp (%) + Jo2 exp (:_:T) =]diff + Jrec eq.l

Where IV is the applied voltage, and when we take into actosoltage drop at series
resistancB;, and current loss in parallel resistarégas a third current path, total current
became

(V=Rs.J) (V-Rs.]) V—-Rs.J
J(V) = Jo1 exp (eT) + Jo2 €xp (e ) + = Jaiff T Jrec T Jc

nkT Rp
eq.2

In general, the model parametéj‘&,]oz,Rs and Rp) are measured globally from current-
voltage curves, but since silicon cells as largaaevices, these parameters varies significantly
from one position to another. Recently, severagimg techniques allowing local evaluation
of these parameters has been developed, like Dadk-ln Thermography DLIT [2],
luminescence techniques [3], Light Beam Induced&ur_BIC [4].

In this work, we apply a recently developed mdth§s] to determine local
1
Jo1(x,¥),Jo2(x, y)and R, (x, y) (or Gy(x,y) = Rl
measurements in dark. We will, also, compare tferint methods for local series resistance
calculationR¢(x, y) [6,7].

)parameters from IR thermography
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Calculation

The used method for calculation of two-diode elguhrameters is based on Dark Lock-In
Thermography DLIT measurements [5]. In this mettiode temperature distribution images
of the silicon solar cell have to be taken undeeg¢hdirect biaseslf = 0.50, V, = 0.55 and
V3 = 0.60V ) and one image under reverse bids= —1V), see Fig.1. These DLIT images are,
first, converted to local dissipated powelx,y) images, then, knowing local series
resistancek(x, y), one calculates local voltadf&x, y) and local current(x, y) for each local
diode voltagé/ (x, y)as following,

JGoy) =p(x,y)/V(x,y) eq.3
V(x’Y) = Va_Rs(xJ’)-](xJ’) eq4

In this work, we have applied two different methoto evaluate local series resistance
R.(x,y). In first method, called RESI [7], the local seri@sistance is calculated using one
DLIT image and a local diode voltage image V(xwhich is obtained by evaluating two
electroluminescence EL images, from which onekenaunder the same conditions, whereas,
in the second method [6] one uses two electrolusaece images taken under two different
direct biases.

From local voltag&’ (x, y) and local current(x, y) images, taken under -1V, one determine
local parallel conductandep(x, y),

T( ’, )
Gp(x,y) = % eq.5

Then, one can calculate ohmic current at eachegpbltage using
]G(x;y; Va) = Gp(x,y)-V(x;y,Va) GQG

Then, using an iterative procedure [6], one deierx,y) , Jo1(x,y) andJ,,(x,y) local
parameters from the remaining images,

(V2 () -1 (x.9))

m —

n (xx Y) - (]2(x,y)—]gli;}(x,y,Vz)—]G(x,y,V2)> eq7

J1Ge-Tgip ey VD=IgxyV1)

J2Ge )= Jgis f ey Va)=Je(x,y.V2)

m _ iff
Jo2 (xJY) = eVa(x,y) eq.8
exp(—)
kT

x, V) =] (v, Va)—J o (x, v, V-

]01m(x,)/) =]3( Y)=Jrec (xy.Vs)—]g(x,y,V3) qu

oxp(T352)

Results and Discussion

In our experiment, we have used a standard indup-type multi-crystalline solar cell, of
Sizel5.6 cm x 15.6 cm, with three bus-bars on front and full aluminiurmraar surface.
Infrared thermography images were made using hegisigsvity thermocamera [8] at room
temperature under 0.50V, 0.55, 0.60 and -1.0 Vesiathe resulted Fig.1.

Local resistanc®,(x, y) were calculated from two electroluminescence irmagken under
0.55 and 0.60 V biases by applying Breitensteirhoe{6] using an adjusted Fuyuki factor [9]
f =4.210"1 to find a mean series resistance value).47Q.cm? , that equals the global
one. The resulted local series resistance imadedstml.5 Q. cm?is shown in Fig.2, were one
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can see a high values at edges and at some pladkd middle. We note that one obtains a
similar image by using RESI method [7].
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Fig. 1. Measured DLIT images under 500, 550, 6@D-4000mV polarisation voltages.
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Fig.2. Local series resistance calculated froméVeatroluminescence images.

Next, local series resistance and DLIT images @sed to calculate local conductance
Gp(x,y), local ideality factorn(x,y), saturation diffusion and recombination currents
Jo1(x, ), Jo2(x,y) using equations 3-9. The obtained images are slowig.3.
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Fig. 3. Local conductance, ideality factor, diffusicurrent and recombination current images
calculated from DLIT images under 0.5, 0.55, 0.60 4LV biases.

Conclusion

Thanks to infrared thermography, fast and rédiavaluation of local parameters in silicon
solar cells is becoming a reality. In this techeigwe just need to process four temperature
distribution images to extract dark parametersctvimake this technique very suitable for in-
line characterisation of industrial solar cells.
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