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Report Title
Final Report: Singlet-Fission-Sensitized Hybrid Thin-Films For Next-Generation Photovoltaics.
ABSTRACT

This grant enabled the acquisition of equipment for the fabrication of organic and nanocrystal based photovoltaic (PV) devices by creating
rationally designed organic-inorganic hybrid systems that exploit the unique multi-excitonic properties of both types of materials. A suite of
equipment associated with electronic spectroscopy and PV device fabrication and characterization was acquired. For spectroscopy, NIR laser
diodes and a camera capable of ultrafast photoluminescence in the near infra-red (NIR) was procured. For PV fabrication, a glovebox with
thermal evaporators and a spin-coater was constructed. In order to characterize PV devices, a solar-simulator, semiconductor parameter
analyzer and associated components to measure current density-voltage curves, external and internal quantum efficiencies were obtained.
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Scientific Progress

This grant has enabled the Tang laboratory to establish itself as a diverse nanofabrication and characterization facility
incorporating a wet lab for chemical synthesis and manipulation, general spectroscopic and device characterization equipment.
Specifically, this grant enabled device fabrication and characterization with the procurement of:

» Lorell spin-coaters in air and in glovebox; Harvard Apparatus syringe pumps

«  Two thermal evaporators (Nexdep, Angstrom Engineering) for metal and organic thin-film deposition integrated into (6
gloves) argon Inert Technology box. Separate evaporators are to prevent contamination of devices from residual organics.
+ A separate device testing glovebox for the seamless transfer of devices in inert atmosphere in (2 gloves) argon box,
equipped with a Keithley 2636B.

+ There is a separate probe station in air (Signatone).

* Power Conversion Efficiency measurements for solar cells (Newport Solar Simulator).

+ External Quantum Efficiency measurements from 400-1700nm (with Newport Tunable Light Source and detectors).

The instrumentation has facilitated the discovery last year, in this group, that photon upconversion is efficient using a
combination of semiconductor nanocrystals (NCs) and conjugated organic molecules. The major discovery is that NCs can
sensitize, or donate energy to molecular triplet states. Since this first demonstration, Baldo et al (Nature Photonics 2015)
showed nanocrystal sensitized upconversion in thin film, while Castellano et al (Science 2016) directly confirmed molecular
triplet sensitization from nanocrystal donors using transient absorption spectroscopy. Our hybrid molecule-nanocrystal photon
upconversion technique makes used of 1) the large absorption coefficients of the nanoparticles and 2) their ability to extend into
the near infrared (NIR). Both these characteristics, important for bioimaging, are unavailable simultaneously in existing
lanthanide and molecule based photon upconversion

Technology Transfer
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Equipment installed:

This is an eight-glove Innovative Technology
glovebox that contains two thermal evaporators
(Angstrom Engineering), spin-coater, and a
probe station for transistor and solar cell
measurements. It is equipped with standard
items like oxygen and moisture analyzers and
purifiers, small and large antechambers. This
glovebox has a spin-coater to coat substrates
with nanoparticles or organic molecules, thus
necessitating a special large reservoir to
remove solvent within the glovebox. The
thermal evaporator allows air-free
manipulation of device substrates will be used
to evaporate metal contacts on the hybrid film
deposited on indium tin oxide (ITO). At ultra
high-vacuum, the one on the left evaporates
organics; the one on the right evaporates metal.
Both evaporators are backed with a dry and
turbopump. Substrate rotation and temperature
control is included to control the crystallinity
of thermally deposited organic semiconductors.
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Shown here is the Keithley 2636B semiconductor parameter analyzer that can source and measure 2-
channels with 0.1fA resolution at 200V. Here, it is paired with the probe station that operates in air, a bare
bones Signatone system with a vacuum chuck, microscope, light, triax probes, etc. The same setup is
replicated in the glovebox above for air-free measurements, but both systems share the Keithley 2636B

This is the Bayspec near-infrared (NIR) spectrophotometer that collects the nanocrystal emission with a
fiber. This grant also supported the purchase of other equipment like a Newport solar simulator, a 488 nm
Coherent OBIS laser, a Stanford Research Systems Lock-In Amplifier 830m, a Picoharp 300 and an
InGaAs camera for NIR time-resolved experiments, various optical accessories from Newport and
Thorlabs, as well as work by Physical Plants to install electrical and water cables.





