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Summary:

Designing terrestrial multijunction (MJ) cells with 5+
junctions is challenging, in part because the
presence of atmospheric absorption bands creates a
design space with numerous local maxima.

Here we introduce a new taxonomical structure
which facilitates both numerical convergence and
the visualization of the resulting designs.

(2) Deviations from Current-Matching (2J Example)

Captred hoten i Fracson

(E:Ez)
(DEz)
(BEy)
(AE;)

Efficiency (%)

13
BIEN T 0 08 08 o4
g

Trans.Banc: D M C 8 A

Eg1
=9

Bandgap (eV)

Eg2

— ssc2sise
— lsci/dsc M)
Y L e
1.0 =

:iﬁwﬁd ==

1J/MJ ratio

L

\

TN

04 05 06 07 08 09 1.0
Captured Photon Flux Fraction

CG/CM ratio

— Jsc  — Product

B9l (&) 12 10 08 06 o4

A
rans.ganc: & ] o [ c s A

(Upper Left) Iso-efficiency contours. A "Current-Graded" (CG)
solution with a slightly raised top-cell bandgap is more efficient
than the "Current-Matched" (CM) design. The efficiency maximum
for each "MJ type" has been labeled.

(Lower Left) The same information overlain with the tr

(1) A New Taxonomy based on "Transmission Bands"
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(Left) The terrestrial spectrum, with "Transmission Bands" labeled.

(Right) As the ber of j i i , numerous near-
optimal designs can be found. Here we propose a taxonomical
structure based upon the I of each band with P! to
the "Transmission Bands".

Each local efficiency maximum can be assigned a "MJ type"
(nomenclature below) which conveys information about subcell
current-matching.

for "MJ types"”
(BCDEE) | Letters indicate which “transmission band" contains each subcell bandgap.
B*(DEE) |"E" can be subdivided into "E;" and "E,"
(CE,) |Parentheses "()" enclose a current-graded stack of subcells. — See Section 2.
etc.
Symbols in plots (in Sections 2, 4 and 5)
[e] Current-limiting subcell
O |Overlying subcell, grouped with current-limiting subcell to form a current-
graded stack or "substack”
A Underlying subcell, which receives excess photocurrent because the overlying
substack is current-limiting.

(3) "Absorption-Band Constrained" (ABC) Designs
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(Left) The MJ cell efficiency drops abruptly wherever the
bottom cell bandgap encounters an absorption band
(dashed lines), creating numerous local maxima.

(Right) Absorption-band-driven deviations from "current-
matching" (circled) become more significant as the number
of junctions increases. These "Absorption-Band
Constrained” (ABC) designs occur where an upper-subcell

band positions, defining the subcell bandgap domains
corresponding to each MJ type. All viable MJ types lie near the
current-matched line, and can therefore be quickly identified.

(Upper Right) Subcell bandk and results plotted
against "Captured Photon Flux Fraction" (CF), where CF is the
fraction of the photons in the spectrum with energies above the
bottom cell bandgap.

For CG solutions, the subcell Jsc increases traveling down through
the MJ stack. Although this current mismatch decreases Jsc, both
Voc and FF increase such that the product of the three CG/CM
ratios is greater than unity.

The anomolous Jsc ratio (bracketed)
"Absorption-Band Constrained” (ABC) design.
and 4.

Note: All calculations shown here are for idealized, optically thick
subcells at 300K, 1000 suns with unity above-bandgap QE, n = 1,
Rgeries = 0, Rgpynt = «, ERE = 0.01, and luminescent coupling = 0.

corresponds to an
— See Sections 3

an ic absorption band.

(4) ABC Designs — 5J Example

Bandgap (eV)

Jsc ratio

(Left) ABC designs occur where an upper-subcell bandgap (circled) encounters
an absorption band. The underlying subcells become over-driven (triangles),
with an anomolous Jsc ratios (brackets).
combine with the current-limiting subcell to form a CG "sub-stack™ (parentheses
in "MJ type" name, at top). Interestingly, an ABC design, A*(CDEE), is the most
efficient design for this 5J example.

(Right) Iso-efficiency plots for subcell bandgaps near two of the ABC designs.
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(5) Design Strategy — 6J Example

(Left) Design space for a 6-junction cell.

lines.

(Right) Each MJ type supports a single efficiency maximum. This suggests a

two-step design strategy:

Step 1. Determine the viable MJ types, based on their proximity to the CM

design.

Step 2. Constrain the subcell bandgap domains for each MJ type such that
there is a single efficiency maximum for each MJ type, enabling the use of a

fast, gradient-based solver.

This should facilitate numerical convergence, while also providing information : T
" P

about near-

Current-matched (CM) designs are
plotted with light grey. CG and ABC designs are shown with black and colored
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