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Abstract:  
    Light or Laser beam induced current technique (LBIC) is conventionally used to measure minority charge carrier’s diffusion 
length LD by scanning a light spot away from collector (abrupt pn junction or Schottky contact). We show here the necessary 
precautions to be taken in order to apply this method on materials used in photovoltaics. We talk about SRLBIC or spectral 
response LBIC when this technique is combined with spectral reflectivity to allow determination of cells quantum efficiency. 
From internal quantum efficiency analysis, one deduces an effective carrier diffusion length, Leff, including bulk and surface 
recombinations. LBIC is, also, often used to reveal electrically active extended defects such as grain boundaries and dislocations, 
and to check passivation efficiency of fabricated cells. 
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1. Introduction
   Since the end of Second World War, the world 
economy has grown exponentially, which exploded its energy 
demands. To the head of energy sources coming fossil fuels 
(oil, gas and coal) which are non-renewable and causing 
greenhouse gases emissions, which pushed governments in 
industrialized countries to take decisions to encourage 
renewable energies sector. To the head of this sector comes 
photovoltaic industry. 
   In photovoltaic, crystalline silicon remains the most used 
material, and the global demand for this material has grown 
exponentially exceeds, since 2003, integrated circuit industry 
and the price of solar grade silicon increased from 20$/݇݃to 
200$/݇݃ in short period. To face this shortage of silicon, the 
photovoltaic specialists tend to produce more and more thinner 
cells (currently cells with less than 180݉ߤtheckness are 
commercialized) and to use less pure materials (compensated 
metallurgical grade silicon). Emergence of such thin and/or low 
quality materials has increased needs in characterization 
techniques. 
  In this paper, we focus on photovoltaic applications of LBIC 
technique. We begin with extraction of minority carrier’s 
diffusion length by light spot scanning method in crystalline 
silicon used in photovoltaic. This method is known since 1980, 
but its application has not been, always, unmistakable on 
photovoltaic materials. We, also, see technique capabilities to 
detect extended defects (grain boundaries and dislocations), 
and to check passivation efficiency of cells. 
 

2. Extraction of charge carrier’s diffusion length in 
crystalline silicon wafers by light spot scanning 
method.  

    The method consists in scanning an laser beam away from 
collector and recording short circuit current at each point 
(Fig.1.). A collector structure may be Schottky contact or abrupt 
pn junction. We have chosen to make Schottky contacts by 

depositing a very thin (25 nanometers) and transparent 
Chromium layer, however, a pn junction collect better the 
photogenerated carriers. We should, also, passivate surface 
recombination centers before measurements. 

 
 
 

 
 
 

Fig. 1.  Measurement structure of induced current (a) and a typical 
 experimental profile obtained using p-Cz sample (b).  

       
Our ISE TCAD simulations [1,2] showed that if  silicon 
wafer hada thickness ofat least four times minority carrier diffus
e on length, ࢝ ൐ ૝ࡰࡸ,  
one obtain a photocurrent decay obeying to the following law, 
௅஻ூ஼ܫ  ן ݀ି௡݁݌ݔሺെ݀/ܮ஽ሻ                                 (1) 
Where n is between 0 and 1.5, ܮ஽ is bulk diffusion length.  

Journal of New Technology and Materials 
JNTM 

Vol. 01, N°00 (2011)29-32 

 
OEB Univ. Publish. Co. 

ILBIC 

Ohmic Contact 

Wafe
r

d 

collector 

650 700 750 800 850 900 950 1000

0

100

200

300

400

500

I LB
IC

(A
.U

.)

Beam position (µm)

 
 

(b) 

(a) 



P
  
d
(2
p
S
c
m

  
c
fa
e
௅ܫ
W
su
v
o
re
th
  
sc
m
h
su
T
d

 

  
fr
c
re
q

ܫ

P

Photovoltaic app
   Table 1 re

diffusion length
2.5mm) with 

passivated by
SiOx/SiNy. Ca
ontact formed

measurements
Table. 1

n 

0.34 
1.33 
0.43 
1.02 
0.59 
1.03 

 In relatively t
ase of mono
abrication of 

exponential de
௅஻ூ஼ ן ሺെ݌ݔ݁

Where, ܮ௘௙௙ , 
urface recomb

value becames
of carriers at su
ecombination
hermal oxide, 
  Figure 3 sho
cale, obtained

microns). This
highly dop
urface was pas

The collector i
deposition of th

F

3. Extrac
finish

   In fabricated
rom spectral a
ase, one 
eflectivity ሺܴሻa

quantum efficie

ሻߣሺܧܳ ൌ ௛
ఒ௤௉೔

( )λinP is incid

plications of Lig
ecapitulate m
h in a thick p 
resistivity of 

y a hydroge
arrier 
d by deposition
 were perform
1. Diffusion le

LD (

58 
70 
190
419
395
520

thin wafers, wh
o and multi c

solar cells, w
cay, 

െ݀/ܮ௘௙௙ሻ        
 is an effective
bination. Our
 very close to 
urfaces (fig. 2)
 velocities a
 SiO2. 
ows a photoc
d on thin laye
s thin layer wa
ped CZ  
ssivated in Hy
is a Schott
hin Chromium

Fig.2. Extractio

ction of cha
ed cells. 
d cells, one ca
analysis of cell
measure sh
at each wavel
ency using foll

௛௖

೔೙ሺఒሻ
ூೞ೎ሺఒሻ

൫ଵିோሺఒሻ൯
   

dent beam pow

ght Beam Induc
measurement 
 type multicry
.ߗ 0.5 ܿ݉. T

en rich dou
collector 

n of thin ch
med in differen
ength in a thick
(µm) 

0 
9 
5 
0 
here ݓ ൏ ஽ܮ4
crystalline sili

where ܮ஽~ݓ, 

                      
 diffusion leng

r simulations [
஽ for low recܮ
). Practically, o
around 20 ܿ݉

current profile
er of p-type c

as  epitaxially g
substrate

ydrogenated si
tky contac
m layer. 

on of diffusion

arge carriers 

an deduce car
 internal quan
hort circuit 
length, then, 
lowing relation

                      

wer at wavelen

ed Current tech
results of e

stalline silicon
The frontal su
uble dielectri

is a S
hromium lay

nt grains. 
k p type silicon

஽, which is alw
icon wafers u
one obtain a

            (2) 
gth including b
[1,2] shows th
combination v
one can reach
݉. ଵ usingିݏ

e in semi-log
crystalline sili
grown on a th
e, P+. The
ilicon nitride 
ct obtained

n length 

diffusion le

rrier’s diffusio
ntum efficiency

current ሺ
one deduce 

nship, 

                (3)

 ngth λ .  

hnique JNTM(

30 
 

electrons 
n sample 
urface is 
ic layer 
Schottky 
yer, and 

n 

ways the 
used for 
a simple 

bulk and 
hat  ܮ௘௙௙ 
velocities 
h carriers 
 silicon 

arithmic 
icon (50 

hick  and 
e frontal 
SiNx:H.  
d by 

 

ngth in 

n length 
y. In this 
ሺܫௌ஼ሻand 
internal 

      

 

In
do
ef
re

ܳܫ

W

len

su

௘ܮ

 

W
di

Fi
pe
len
 

   
ar
de
   
of
(w
wi
da
gr

Fi

pe

ste
   
an

2

5

7

10

12

15

2011) 
n other han
omainሾ800݊݉
fficiency is 
elationship, 

ଵିܧܳ ൌ 1 ൅
௅

Where Leff is an

ngth LD and 

urface, Sr. 

௘௙௙ ൌ ஽ܮ ൥
ೞೝಽವ

ವ

ଵାೞೝ

We note that
iffusion length

0
1 ,0

1 ,2

1 ,4

1 ,6

1 ,8

2 ,0

2 ,2

1/
IQ

E

ig. 3. Intern
enetration dep
ngth of 91݉ߤ

4. Highlig
Extended def

re preferential
efects, and cau
Figure 4 show
f commercializ
which correspo
ith scanning st
ark grains, whi
rains, respectiv

ig. 4. LBIC ca

erformed by à

ep of 50݉ߤ. 
LBIC profile

nalyzed using a

2,5

5,0

7,5

0,0

2,5

5,0
2,5

nd, Basore 
݉, 1000݊݉ሿ, 

related to 

ଵ

೐೑೑
ቀଵ

ఈ
ቁ           

n effective dif

 electrons rec

ವା௧௔௡௛൬ ೢ
ಽವ

൰

ೝಽವ
ವ ௧௔௡௛൬ ೢ

ಽವ
൰
൩   

t effective di
h, ܮ௘௙௙~ܮ஽ , fo

2 0 4

L e ff = 9 1  µ m

nal quantum 
pth of comme

݉ is obtained b

ghting extende
fects such as 
l sites for seg
uses photocurr
ws cartography
zed solar cell 
onding to dep
tep of 50݉ߤ. 
ich correspond
vely. 

artography of a

à 532nm lase

es, like the sh
analytical mod

5,0 7

mm

[3] showed
the 

light absorptio

                      

ffusion depend

combination 

                      

iffusion length
or  

ௐ
௅ವ

൐ 1. 

0 6 0

m

1 /α e ff (µ m

 efficiency i
ercial solar ce

by fitting to eq.

ed defects in s
grain bounda

gregation of im
rent loss in sol
y of square are
 performed by
pth absorption
This cartograp
ding a high an

a square surfac

er ቀଵ
ఈ

ൌ ݉ߤ1.3

howed one i
dels [4-7] to ex

7,5 10,0

Y. Sa
d that in s

inverse the qu
on depth by fo

                  (4a

ds on bulk d

velocity at ce

              (4b) 

h approaches th

8 0 1 0
)

inverse versu
ell, effective d
3. 

solar cells. 
aries and dislo
mpurities and
lar cells. 
as ሺ1.5ܿ݉ ൈ 1
y 532nm laser
n of light of 
phy shows bri

nd low carrier l

ce ሺ1.5ܿ݉ ൈ 1
݉ቁ , with a sc

in figure 5, m
xtract minority

12,5 15,

ayad et al  
spectral 
uantum 

ollowing 

a) 

iffusion 

ell rear 

he bulk 

0

us light 
iffusion 

ocations 
d points 

1.5ܿ݉ሻ 
r diode 
 (݉ߤ1.3
ght and 
lifetime 

 
1.5ܿ݉ሻ 

canning 

may be 
y carrier 

0

 m
m



Photovoltaic applications of Light Beam Induced Current technique JNTM(2011) Y. Sayad et al  

31 
 

recombination velocity at grain boundary.  
  

 
Fig.5. LBIC signal measured with 632nm laser in vicinity of two 
adjacent grain boundaries in silicon solar cell. Beam spot size at 
cell surface is about 6݉ߤ. 
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 Figure 6 show ISE TCAD simulations of photocurrent at 

vicinity of grain boundary under different conditions of 
recombination velocity at grain boundary (a), spot size (b) and 
of carrier diffusion length (c).Dislocations may 
be origin of shorts in solar cells and, thus, decreases cell shunt 
resistance. Figure 7 shows cartography of a square area (1ܿ݉ ൈ
1ܿ݉) of one solar cell, this cell have previously undergone a 
thermal annealing at 850°C of one hour duration before emitter 
diffusion step. The cartography shows 
formation of dislocations in high density. 

 
Fig. 7. LBIC cartography of square surface ሺ1ܿ݉ ൈ 1ܿ݉ሻ 

performed by 980nm laser ቀଵ
ఈ

ൌ  .݉ߤቁ, with step of 50݉ߤ103

Spot size at cell surface is 11݉ߤ. 
 

5. Displaying passivation efficiency. 
  Cartography of photocurrent may be used to compare 
passivation efficiency at different cell places. In figure 8, LBIC 
cartography of a solar cell measured by 980nm laser diode, the 
cell rear surface is passivated by triple dielectric layers ( SiNx 
and SiOx). We remark a more photocurrent 
in areas passivated by dielectric layers than at localized grid of 
BSF (back surface field). 
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Fig.8. LBIC cartography of solar cell using 
980nm laser diode, the cell rear surface is 
passivated by triple dielectric layers. Scanning 
step is 20 µm. 

Fig.6. Simulated LBIC signal in vicinity of grain 
boundary. Impact of carrier recombination velocity (a), 

spot size (b) and diffusion length (c) 
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6. Conclusion 

   Using LBIC technique one can determine charge carriers 
diffusion length in silicon thin films and wafers, as well as in 
finished cells. This allows assessing possible degradation or 
improvement of starting material quality during cell process. 
   LBIC cartographies using different wavelengths allow probing 
cells from frontal to rear surfaces, to view electrically active 
defects and to evaluate passivation efficiency. 
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