
Impact of triplet excitons on photocurrent in 
diF TES ADT single crystal transistors

Emily G. Bittle, Sebastian Engmann, Adam Biacchi
National Institute of Standards and Technology, Gaithersburg, MD

Emma Holland, John Anthony
University of Kentucky, Lexington, KY



Organic semiconductors: looking ahead

• Flexible

• Printable

• “Cheap”

QIS and neuromorphic computing

• Spintronics

• Exciton based devices

• Logic in memory

Improving traditional devices Future electronics

Credit: Mediacom
2Nanoscale, 2015, 7, 9570
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Neat things about excitons in organics
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Smith and Michl., Annu. Rev. 

Phys. Chem., 64, 361 (2013).

Long lived at room 
temperature: 100’s ms
(in GaAs qdot: 10’s ps)

Fission and fusion (some organics)Lifetime
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- Live longer
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- Higher energy
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Information in electronic devices

Waldrip, Jurchescu, Gundlach & 
Bittle Adv. Funct. Mater. 30, 
1904576 (2020).

Jang & Richter Adv. Mater. 29 
(2017).
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Timing of important 
processes

Access to specific 
information carriers

Loss of information 
through interfaces



Information in devices

Possible to implement within 
existing structures

Measurement platform well known

We can still probe some of the 
properties of spin and excitons in 
traditional devices with experimental 
design
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Photocurrent in diF TES ADT
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Jang, Bittle, et al., ACS Nano 2019, 13, 616.
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TGBC transistor, flipped upside-down



Magneto-Photocurrent in diF TES ADT
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TGBC transistor, flipped upsidedown
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IPC in an oriented B-field
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Paudel et al. Organic Electronics
67, 311-319 (2019)

Huang et al. Communications Chemistry 
2, 22 (2019)



Magnetic fields and the triplet energy

B - external magnetic field 

S - spin operator 

g - electron g factor 

µB - Bohr magneton
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Paudel et al. Organic Electronics
67, 311-319 (2019)Molecular parameters

D = 6.5 meV
E = 0.5 meV
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EasySpin- Stoll and Schweiger J. Magn. Reson. 2006 178(1), 42



Photocurrent from triplet density

𝐓𝐫𝐢𝐩𝐥𝐞𝐭 𝐝𝐞𝐧𝐬𝐢𝐭𝐲 𝜱𝑻 𝑩 =

𝒎,𝒏

𝑷𝒎𝒏
𝒔 𝟐

𝐤𝟐

𝐤𝟐 + 𝛚𝐦 −𝛚𝐧
𝟐 − 𝟏

𝐏𝐡𝐨𝐭𝐨𝐜𝐮𝐫𝐫𝐞𝐧𝐭 𝑰𝑷𝑪 ∝
𝜱𝑻 𝑩 −𝜱𝑻 𝟎

𝜱𝑻 𝟎
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Jang, Bittle, et al., ACS Nano 2019, 13, 616.
EasySpin- Stoll and Schweiger J. Magn. Reson. 2006 178(1), 42
Burdett et al., Chem. Phys. Lett. 2013, 1, 585
... and thanks to Paul Haney!
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Model and data correlation
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IPC(B) Model for two angles
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Singlet CharacterEnergy PhotocurrentB-field direction



Model and data correlation
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Conclusions:
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Magnetic-field effects on photocurrent 
can be explained by triplet population 
manipulation in diF TES ADT

Extra information:
• Simple measurement of triplet state 

impact on device photocurrent
• Orientation of the molecule matters

Opportunities to work at NIST!
Post doc: NRC Fellowship ($71K/year) tinyurl.com/yyz8kt22
Undergraduate fellowship: SURF nist.gov/surf

Emily.Bittle@nist.gov
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Certain commercial equipment, instruments, or 
materials are identified in this presentation in order to 
specify the experimental procedure adequately. Such 
identification is not intended to imply recommendation 
or endorsement by the National Institute of Standards 
and Technology, nor is it intended to imply that the 
materials or equipment identified are necessarily the 
best available for the purpose.


