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Abstract

For triple-junction solar cells (3J SCs), five tanmd configurations have been successively put
forward, including two-terminal serial, six-termingarallel/serial, bottom-cell-independent and
top-cell-independent configurations. However, coehgnsive studies on efficiencies of 3J SCs in
the five configurations are few, and comparisonthefabove five configurations are scarcer. This
work evaluates efficiencies of 3J SCs in all the fconfigurations, and meanwhile analyzes the
strong and weak points of the five configurationsspectral robustness and efficiencies. The
limiting efficiencies for 3J SCs with three dirdindgap subcells are firstly calculated based on
the detailed balance theory. Previous works mapnlyvided the highest efficiencies and the
corresponding subcell bandgaps. In this work, aleily the highest efficiencies, efficiency
contour plots for all the five configurations aréeced. Then the emphasis is focused on 3J SCs
with a crystalline silicon (c-Si) bottom cell. Orga cation lead halide perovskite materials have
shown a huge development potential in photovoltieid. Possessing the wide tunable bandgap
ranges, perovskite materials are promising caneldébr the top and middle cells. Hence,
simulations and recommendations for practical apghes of the perovskite/perovskite/c-Si 3J SC
are given, where the perovskite subcells have apiate bandgaps according to the above
calculated results.
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robustness

1. Introduction

The appropriate bandgap for single-junction solisqSCs) is estimated to be 1.1~1.4 eV [1]. A
lager bandgap of SC material brings about a blu# sh absorption edge, which inevitably
narrows down the light absorption waveband of S@ute A smaller bandgap incurs more severe
thermalization loss, which means more energy offiteigergy photons transforms into the waste
heat. Tandem architecture of SCs are constituteal sries of subcells with different bandgaps,
which broadens the light absorption region of th®le tandem SC module, and at the same time
reduces the thermalization loss, thus enhancingffi@ency effectively. Theoretically, Brown
et al.[2] predicted the efficiency limits for SCé#thvone to six subcells are nearly 33%, 45%, 51%,
55%, 57% and 59%. The efficiency improvement framgle-junction SCs to dual-junction SCs is
significant. After the triple-junction (3J) SCsfieflency has a slow growth as the number of
subcells increases. Experimentally, Spectrolab idated a direct semiconductor bonded
five-junction SC with a record efficiency of 38.8Under one-sun illumination [3]. The
InGaP/GaAs/InGaAs 3J SC with a certified efficiermfy37.9% [4], which was developed by
Sharp Corporation, is second only to it. The altaxeefficiencies have been certified by National
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