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Introduction and Research Question
O PV o n - Heavy glass substrates dominate the weight of
conventional thin-film solar photovoltaic (PV) modules

- Small-molecule organic PVs employ thin active layers

g Iass - Alternative plastic substrates have large surface defects

that may exacerbate shorting in ultra-thin OPVs

b t t - Here we investigate lightweight, flexible, transparent,
S u S ra e vapor-deposited polymer films as substrate and

encapsulation layers for organic solar cells
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Motivation

M

spawned an energy sector that produces two-thirds
of global greenhouse gas emissions'. Mitigating
climate change thus will require a massive shift from 5, |
conventional fossil-fuel generation to low-carbon
technologies, such as solar photovoltaics (PVs). 20-
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Thick (3-4 mm) glass substrates dominate the weight
and mechanical properties of today’s thin-film solar cells,
negating their key advantages over crystalline silicon.
Conventional plastic substrates can be flexible and

In this work, we investigate an alternative
polymer, Parylene C, which can be deposited
in situ to form clean, flexible, transparent
substrates with tunable thicknesses.

Parylene C = poly(chloro-p-xylylene)

- Room-temp. chemical vapor deposition (CVD)
* Precise nanometer-scale thickness control

- Smooth, conformal, pinhole-free, and clean

- Many variants are commercially available
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« Chemically inert
 Biocompatible (USP Class VI)

CVD by pyrolytic polymerization®
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Material complexity

Organic PVs (OPVs)

- Low materials usage

» High specific power (W/q)
- Low-temperature deposition
- Flexibility
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Parylene C: An alternative PV substrate

— - - ——
W : h,' % . L Y
s N g Nl o X r
ene‘on glass
, A P Ll . -
. §o
nE W Ta e T o Ll
y A ‘.‘ LT " [
III O woelkol TR Ry
| H oy b 8 @
; y ¢ . 3
gl o R Wl vy s 4
. o BTN e T y L 3 |

L]
Ay
4

Small-molecule OPV
active layer thicknesses

BCP

Polyethylene napthalate (PEN)
(Dupont Teonex Q65FA)? |
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— Parylene (200nm)
—— Indium zinc oxide (IZO, 100nm)

20 —— Parylene (1uym) /120 (100nm)
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lightweight*5¢, but unavoidable surface roughness may Defects in conventional plastics
cause shorting in ultra-thin small-molecule organic PVs. present shorting risk for OPVs
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Light is absorbed primarily in the
small-molecule organic donor DBP*

-

organic and
”I nanostructured

Key Results

 Thinnest solar cell ever demonstrated: 1.3 ym total

Solar photon flux
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DBP = tetraphenyldibenzoperiflanthene
Cs, = buckminsterfullerene
BCP = bathocuproine

Solar cell performance

Organic solar cells on parylene substrates
perform as well as devices on glass

Devices are peeled off Acceptor
glass carrier after fabrication Buffer

Thermal evaporation of
MoO,, organic films, and

electronics
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» Vapor-deposited parylene C is a viable substrate and 0 PV o n

encapsulation material for organic solar cells
- Parylene-based devices achieve efficiencies (2.9%) I
comparable to conventional glass-based cells pa ry e n e

* First in situ fabrication of a solar cell substrate
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External quantum efficiency (EQE) spectra
confirm measured photocurrents

Future work

o-  PCEglass = (2.7 %0.1)% - O
" PCEparylene = (2.9 +0.2)% Parylene
4 40 substrate\ /
E L
T) _
g < 30 N
:'? 0 R I = |.|‘_JI \
7)) ’__U __________________ \
& " Dark S 207
= _ol -
| Glass :
S il _ substrate "\ i 10 -
6)g/-"’/Parylene gL L N
_ T substate 00 500 600 700 800 900
10 05 0.0 0.5 1.0 Wavelength [nm]
Voltage [V]

Materials cost estimates

In situ encapsulation
of complete device
with Parylene C

Parylene
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Absorption enhancement

Microcavity tuning: Precise thickness control may
allow optimization of optical interference effects

Transfer matrix model for multilayer thin-film stacks
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