Modeling Confinement in Quantum Dot Solar Cells

J. Liu and M. Zubaer Hossain
Department of Mechanical Engineering, University of Delaware, Newark, DE 19716, USA

INTRODUCTION: For the fact that each bandgap of single solar cell is fixed, it is - L B & 4
advancing a technology called quantum dot solar cell (QDSC) that could - = & B
manipulate quantized energy levels to absorb sunlight by varying quantum dot's = :
parameters. In addition to exploring the effect of size and shape of QD? on L s -
confinement, it Is of great significance to understand the mechanistic coupling 2 3 B ETETHH
between a quantum dot and the substrate on which it is grown. The schemes of Figure 3. Particle in a box models 2 wh 2
. . . . e L A ’-
achieving accurate results are investigated. and tables for EWFs and EELs, w o
e T i 5‘mf] the mesh4 method gives the best 3 D &
4 e | solutions (three figures from left to right: —
- (1,1,1) to (3,3,3)) | e = O
| d 53 § ‘fg :*\ L LA [
Application an >
L » InAs/GaAs self-assembled QD i k> @i
Validation of FEM forTISE | | / Q . ' s 8 LK
/ \ l . z: 26.48 @‘2 u:‘g ;3,5
j: 118.91 \: ?, ﬁ, ‘j:; 2 A
Particle in a box Hydrogen atom Substrate R T p * TS PW
The Orbitron gallery of atomic orbitals Y% x o 5 \ (7 g Q‘:?
0.8 i B (L0,0) | : %
255 . 0.8 Confining potential .ok / - [
| Efficient mesh FRERE] PR - EE g 3 L P O
FAREE XN & | o & - 8 B - %D - & Y S Y
ofs & & % 4 -1 10 L) > . i " Qa
S8 e W .56 O *f | + L L op | N | " .$ - .
) ot I A . b i - - "
, (2,1,-1) (2,1,0) (2,1,1) (3,2,-2) ” G2y (3,2,0) (3,2,1) (3.2.2)
D |« 8 — 4 a,=0.5292A ,e=1.6022¢-19[C],m.=9.1094e-31[kg],€,=8.8542¢-12[F /m],h=6.6261e-34[J- 5]
COMSOL 252 MATLAB (.1, m) R Y™ " E
SchrédingerE COMSOL ’ nl l nimy "exact
mpgk]]er R with - SchrodingerEqn. % r -‘;3 r
MATLAS " (1,0,0) 2 (L) e L & (L) ew 136062
High quality pictures and data Run loops for lots of experiments to L1\ 2 o | . L\ 2 A
from several experiments collect data and some pictures (2,0,0) | 5.5 (a—) ( - a%) € e i v (a—) ( - a—o) € e -3.4015
. (1 () N L (1) () o _
Figure 1: the key framework of the research (2,1,0) NG (a) 3 (a) € 2y=c0s(0) o (3“) (a) e 20 cos(f) 3.4015
o (2,1,£1) | A (L) (Z)eme | Esin(@)er? | 2o (L) (2 2) e 2o sin(0)e™? | -3.4015
COMPUTATIONAL METHODS: We used powerful PDE module and LiveLink™ o (a) ), bl i (o) (2-2)
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