NREL is 2 national laboratory of the U.S. Department of Eneray,
Office of Enerqy Efficiency and Renewable Eneray,

HATOMAL RENEWABLE ENERGY LABORATORY operated by the Alliance for Sustainable Energy. LLC.

Impact of Interface Recombination on Time Resolved Photoluminescence Decays
(TRPL) in CdTe solar cells (Numerical Simulation Analysis)

Ana Kanevce, Darius Kuciauskas, Timothy A. Gessert, Dean H. Levi and David S. Albin
National Renewable Energy Laboratory, Golden, CO, USA

i - -
&
// Abatacy // Light absorption in CdTe devices / Interface and bulk recombination on TRPL decay
[ / /
. Using Sentguru-s Device SPﬂware, we analyze ho\fl bulk and + For typical doping levels of CdTe cells, 10% cm= L L L L e
interface r k affect t Ived photol 1ce to 1075 cm3, most of the light is absorbed within the P Sonenbant ofihe bt .y a
(TRPL) decays in CdTe solar cells. This modeling analysis could depletion region. exponential decay, o 1S More s £ $ = 100 omis solid
improve the interpretation of TRPL data and increase the possibility +  The junction field plays a significant role in the affected by the recombinationin & - 2 o S = 10° cm/s dashed
of rapid defect characterization in thin-film solar cells. By dec_?%'e NP CdTe. B e i
o . S 1 5 5% . . B . iati i = 4 =
il the samples with ph of two different wavelengths, ’ 9 ° The variation in 1,., for both I g
3 Fis 4 e more carriers next to the CdS/CdTe interface. wavelengths 635 nm and 808 nm E , E -
we try to deduce the spatial origin of the dominant recombination + The decay generated by 635 nm illumination is : g 2 2.0 -
loss. Shorter-wavelength photons are more affected by the expected to be more influenced by drift and interface is comparable, because the 5 s s s ey
interface recombination and drift compared to the longer ones. recombination. defect density is assumed to be Time [ns] Time ns]
Using the two-wavelength TRPL characterization method, it may be ° uniform throughout the absorber. z e 808 nm = nm
possible to determine whether a specific change in deposition Lao @ + Inacase of 635 nm i 3 o500 cnissold
process has affected the properties of interface or the bulk of the | s | CdTe 2 illumination, more carriers are a = > S\’ il
both o 51z |\cCds 2 generated next to the = 013 = o1
absorber. = 2% L2 5 > . 2 =
> > heterointerface, and the decayis & . 625ns 3 -
& 4 635nm ” 2 significantly more affected by the g = § -
- 2 recombination at the interface. Z0.01 . ‘ ) Z o001 ‘ . d
/ . 6 SUSl : « Interface recombination has a bo 1o 0 dn .- .
/ Hffocuction | B E— T 0 stronger influence on the slower ' el ' e e
| « TRPLis a contactless and quick method 3 = i oxbonment 0 d 2 3 4 | part of the decay, where 1, is s:';"z’;t:g ;a;r:::i?;szga;: ‘::nm/:’fste:agfz:/: f;’;,i;;gg
to determine the carrier lifetime in CdTe s 4 e Position [um] / deduced. for 4 = 635 nm and A = 808 nm " m and 808 nm
absorbers. R Simulated equilibrium band diagram and /
- The decay shape is affected by complex & o1 | generation profiles for A =635 nm and 808 nm
carrier dynamics, including drift, diffusion, 8 4 ! -
and recombination. g a4\ _
- The bi-exponential nature of the decayis £ 21 [
pronounced for % = 635 nm. 0014t . » 101 O z 7
+ For A = 635 nm, more carriers are 0 5 10 15 2000 054 O (o e clocto ld The decay slope and device properties
S T
genoptedicicesiotolinclonwhoro g e 3 oot—h--om . e ] - Both interface and bulk recombination accelerate the carrier deca
electric field is the strongest, and many of Experimental and numerically ~ concentration i L LI feconbindll r liilti, Y- EEE
them are separated quickly. simulated TRRL docayfor two, 2 05+ gradient the other, « In a case of 635 nm illumination, the decays are affected by interface recombination stronger than for
P q Y. @
f excitation wavelengths. The decay 2 there are so many
+ For=[1808 nm, the difference between Is measured at 840 nm with 1.0 O tapstorecombine the longer wavelengths.
T and 7, IS m_UC'I‘ smaller, a?dlthe decay Sl o g J s [OF e, + If S <104 cmis, its impact on the TRPL decay becomes significant for t,, > 5 ns.
appears more single-exponential. e simulations matcl e : . . : i 2 tE 5
e ol aaeall] 4 20 Q . . . « When S is low, 1, for 635 nm excitation is higher than t,,, for 808 nm excitation and for S >10° cm/s
- 0 1 2 3 4 the Tomeosnm) > Tom(635nm)-
Position [um] + The V, can be predicted from the decay slope.
Contour plots of simulated decay times (7,,) as a function of Contour plot for V,. dependence on
Where do the carriers go? input carrier lifetime and interface recombination velocity carrier lifetime and S
7
- - ; : : 10°+H - 10° | 1004 |]] Voo V]
« The maximum electron density shifts away from the interface in the first 0.5 ns, and then slowly o s
toward the interface. 10° 4/ 15—2— 10° 10° s/s 0.79 . 0.8
+ For low S, the maximum hole density remains close to the interface. g 3/4 5 35 ) 152 25 -3 35| @ / / 0.81
« The recombination at the interface reduces hole density during the slower part of the decay. S 10t D086 E 104 - ! 4 as E 10 N 0.82 0.84
= The electron and hole densities after 808 nm excitation are more widely distributed. %] » (%) =
['o)
Calculated electron density for A=  Calculated hole density for A = 635 Calculated n*p product Calculated n*p product 10 - ﬁ ¥ © 3 10° 5 10° o 't E :3 & °°.
635nm, S =100 cm/s and 10°cm/s  nm, S = 100 cm/s and 10° cm/s A=635nm 4=808nm === S
= . . ” | [NS] 635 M / 2 o [NS]| 808 NM 5 | ] /
& =635 nm; S =100 cm/s ) = 635 nm; S =100 om/s =635 nm 7= 808 nm 10 T T T T T 10" = T T T T 10° “rrrrp TRy
0.0 . \ 1® S =100 cm/s SRl o4 6 g0 Qg gl gy 2.8 488 0
X X 7, [ns] T [ns] 7 [ns]

_|icdsicdTe 10
interface 7
cos s e - . e e / Conclusions
06 08 10 t2 14 16 06 08 1.0 12 14 16 gd 08 10 12 14 15 D6 68 to t> 44 18
Position [um] Position [um] Position [um] Position [um] ; ! i J i i
mw s T Carrier decays after a short-light pulse illumination have been simulated to enhance the
= 05— 06 o \ interpretation of TRPL measurements. The TRPL decays in thin-film devices are influenced by
10 B 10 N :

the carrier dynamics, including drift, diffusion, interface and bulk recombination. We have found
that at 635 nm illumination, the decay is affected more by the interface properties compared
with the 808 nm decay. We have also calculated the n*p product at different moments during
the decay to show that the interface recombination affects the second, slower part of the decay.

T T T T T T T 3 T T T T 1 T T
0608 10 12 1446 oo D0 12 4 ile olel 0.8 10 214 e 06 08 10 12 uy By comparing the decays at different wavelengths, it may be possible to estimate whether the /

Position [um] Position [im] Position [um] Bosition [a]
The different curves correspond to times: 0, 10 ps, 30 ps, 50 ps, 0.1 ns, 0.2 ns, 0.5 ns, 0.6 ns, 0.8 ns, 1 ns, 2 ns, and 3 ns.

dominant recombination is located at the interface or in the bulk.
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