Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2018

Supporting Information

Revealing the beneficial effects of Ge doping on Cuz2ZnSnSes thin film
solar cells

Markus Neuschitzer'*, Moises Espindola Rodriguez', Max Guc', Jose Marquez?, Sergio
Giraldo®, lan Forbes?, Alejandro Perez-Rodriguez’?, and Edgardo Saucedo®

! catalonia Institute for Energy Research- IREC, Jadins de les Dones de Negre 1, 08930
Sant Adria de Besos (Barcelona), Spain

* Northumbria

’IN2UB, Departament d’Electronica, Universitat de Barcelona, C. Marti i Franques 1, 08028

Barcelona, Spain

E-mail:mneuschitzer@irec.cat

A=1.7811 R =0.0176340.cm’2 A=1.7959 J,=0.0051059 mAJcm®
2 : 10° :
e data * data
18 linear fit N | —fit |
10°
1.6
&
.
1.4 10
5 1.2] <
g E 10’
31 g g
% L >I
0.8 219"
”
0§ o
: 0nmG
od 0 0 nm Ge n e
&
0 10”!
dbo5s 001 0015 002 0025 003 0035 0.04 0 0.1 0.2 0.3 0.4 0.5 0.6
(1-G.dVidJ)(J+Jsc-V.G) [mA.em?] (VR V]
A=1.8928 R =0.273480.0m™2 A=1.9025 J,=0.0032034 mAlom?
2.2 . 10° :
® data L] * data
linear fit —fit
2r 2
10
1.8 y
10’
1.8 o 'E
E g
s <
S 1.4 & E10°
3 =
3 o)
312 g x
° ¥y 290"
1 .
“ 107
o
08
K 10 nm Ge 10 nm Ge
o 2|
10
0005 001 0015 002 0025 003 0035 004 0 0.1 0.2 0.3 0.4 0.5 0.6
(1-G.dVidJ)(J+Jsc-V.G) [mA™.em?] (VR V]
A=2.2495 R_=1.23420.cm™2 A=2.2582 J;=0.070639 mAlem?
* 3
3.6 . 10 .
o data » o data
3.4p linear fit —fit
> 2
3.2 10
.
3
‘ En
=
‘28 P §10'
o <
€26 “ E
= . &
[0
224 o > 10°
s 3
P 3
22 o
£
2 o 107~
o "
ol 50 nm Ge . 50 nm Ge
U o 10°
0005 001 0015 002 0025 003 0035 004 0 0.1 0.2 0.3 0.4 0.5 0.6
(1-G.dV/dJ)(J+Jsc-V.G) [mA ™ .em?] (VRN VM

Figure S1. Extraction of series resistance, diode factor and J, using the method of Sites et
al.[1,2]



Additional References:

[1] J.R.Sites, P.H. Mauk, Diode quality factor determination for thin-film solar cells, Sol. Cells.
27 (1989) 411-417.

[2] S.S.Hegedus, W.N. Shafarman, Thin-film solar cells: device measurements and analysis,
Prog. Photovolt. Res. Appl. 12 (2004) 155-176.






