Page 1 of 2

AFRL-AFOSR-VA-TR-2019-0065

&
Sl

Interfacial Investigation of Perovskite Opto-Electronic Materials
and Devices

Seth Marder

GEORGIA TECH RESEARCH CORPORATION
505 10TH ST NW

ATLANTA, GA 30318-5775

03/15/2019
Final Report

DISTRIBUTION A: Distribution approved for public release.

Air Force Research Laboratory
AF Office Of Scientific Research (AFOSR)/RTB2

DISTRIBUTION A: Distribution approved for public release.

https://livelink.ebs.afrl.af. mil/livelink/llisapi.dll 3/28/2019



Page 2 of 2

Arlington, Virginia 22203
Air Force Materiel Command

DISTRIBUTION A: Distribution approved for public release.

https://livelink.ebs.afrl.af. mil/livelink/llisapi.dll 3/28/2019



FORM SF 298 Page 1 of 1

REPORT DOCUMENTATION PAGE oh e

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or
any other aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Executive Services, Directorate (0704-0188).
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information
if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
15-03-2019 Final Performance 15 Mar 2015 to 14 Sep 2018
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Interfacial Investigation of Perovskite Opto-Electronic Materials and Devices

5b. GRANT NUMBER
FA9550-15-1-0115

5c. PROGRAM ELEMENT NUMBER
61102F

6. AUTHOR(S) 5d. PROJECT NUMBER
Seth Marder, Henry Snaith

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
GEORGIA TECH RESEARCH CORPORATION REPORT NUMBER
505 10TH ST NW
ATLANTA, GA 30318-5775 US

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

AF Office of Scientific Research AFRL/AFOSR RTB2

875 N. Randolph St. Room 3112

Arlington, VA 22203 11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

AFRL-AFOSR-VA-TR-2019-0065

12. DISTRIBUTION/AVAILABILITY STATEMENT
A DISTRIBUTION UNLIMITED: PB Public Release

13. SUPPLEMENTARY NOTES

14. ABSTRACT

During the no-cost extension period of this grant, remaining funds from a travel supplement were used to fund a month-long visit by
a Georgia Tech graduate student to the University of Oxford. This provided the student with valuable training and experience in
perovskite solar cell device work and enabled testing of interfacial materials developed at Georgia Tech in state-of-the-art devices.
A crosslinkable p-dopable hole-transport material was found to be effective in perovskite solar cells; further work on this material is
being carried out under our current award FA?550-18-1-0499. In addition further studies were carried out on a crosslinkable n-
dopable fullerene electron-transport material developed at Georgia Tech; this work including both obtaining good efficiencies for n
-i-p perovskite solar cells incorporating this material, and extending its use to p-i-n cells, in which even higher efficiencies were
obtained.

15. SUBJECT TERMS

hybrid perovskite, organic electronics, organic semiconducting materials, interfacial science

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF [ 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
a. REPORT b. ABSTRACT | c. THIS PAGE ABSTRACT OF CASTER, KENNETH
PAGES
Unclassified | Unclassified | Unclassified uu 19b. TELEPHONE NUMBER (Include area code)
703-588-8487

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. 739.18

DISTRIBUTION A: Distribution approved for public release.

https://livelink.ebs.afrl.af. mil/livelink/llisapi.dll 3/28/2019



Annual Technical Report for

AFOSR funded project “Interfacial Investigation of Perovskite Opto-
Electronic Materials and Devices.”

Performance Period: 14 Mar 2018 —14 Sep 2018

Grant Number: FA9550-15-1-0115

Program Officer: Dr. Kenneth Caster, AFOSR (current), Dr. Charles Lee, AFOSR
(former)

PI: Seth Marder, Georgia Institute of Technology

Co-PI: Henry Snaith, University of Oxford

Abstract:

During the no-cost extension period of this grant, remaining funds from a travel supplement were used to
fund a month-long visit by a Georgia Tech graduate student to the University of Oxford. This provided the
student with valuable training and experience in perovskite solar cell device work and enabled testing of
interfacial materials developed at Georgia Tech in state-of-the-art devices. A crosslinkable p-dopable hole-
transport material was found to be effective in perovskite solar cells; further work on this material is being
carried out under our current award FA9550-18-1-0499. In addition further studies were carried out on a
crosslinkable n-dopable fullerene electron-transport material developed at Georgia Tech; this work
including both obtaining good efficiencies for n-i-p perovskite solar cells incorporating this material, and
extending its use to p-i-n cells, in which even higher efficiencies were obtained.
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1. Research Progress

As described in our previous report, our plan for the no-cost extension period was to use the
remaining funds of a travel award supplement. These were used to support a second month-long
visit by Marie-Héléne Tremblay (MHT), a Georgia Tech (GT) graduate student working on the
project to conduct experiments and training at the University of Oxford in Mar/Apr 2018. Marie-
Hélene is primarily supported by a Canadian graduate fellowship.

During the visit MHT worked on device aspects of various sub-projects involving interfacial layers
for perovskite solar cells that we have discussed in more detail in previous reports. In general, she
gained more invaluable first-hand experience in perovskite processing and solar-cell fabrication
that can be subsequently exploited back in Atlanta. Specifically, she worked on the processing and
p-doping of hole-transport materials (HTMs) for so-called n-i-p perovskite solar cells, gaining the
experience to reproducibly fabricate cells based on the spiro-OMeTAD HTM, p-doped using both
the traditional cocktail of materials (including LiTFSI) and molybdenum-dithiolene p-dopants,
which we have previously demonstrated as an earlier part of this program to be superior in terms
of device stability (A. Pellaroque et al., ACS Energy Lett., 2, 2044-2050 (2017)). This work served
as a benchmark for the testing of photocrosslinkable HT polymers. Crosslinking of HTMs can
potentially improve stability, allow for spatially controlled doping, and can potentially allow the
same HTM to be used in both n-i-p and p-i-n architectures.

Preliminary measurements were made using the photocrosslinkable polymer shown in Fig. 1 and
indicate that the crosslinked polymer can be p-doped in a similar way to spiro-OMeTAD and that
the doped crosslinked HTM can be successfully used in devices. Further work on these systems,
including device optimization and potentially including their extension to p-i-n cells, is currently
being carried out under our new grant (FA9550-18-1-0499).
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Fig 1. Chemical structure of a crosslinkable and p-dopable HTM.

MHT also worked on crosslinkable dopable electron-transport materials (ETM), specifically
PCBCB (Figure 2), which we originally developed with ONR funding (N. Deb et al., J. Mater.
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Chem. A, 2015, 3, 21856-21863) and have, under this program, introduced to the perovskite solar
cell field (K. Wojciechowski et al.,, ACS Energy Lett., 1, 648-653 (2016)). More recently we have
been investigating the use of n-doped crosslinked PCBCB as a bottom ETM for n-i-p perovskite
solar cells and have achieved power conversion efficiencies of up to 16%. One drawback of this
approach is that the perovskite film quality on fullerene ETMs is not particularly high. Accordingly,
MHT has worked to investigate the applicability of this ETM to p-i-n solar cells, in which higher
quality films of the perovskite can be obtained on an organic HTM. These devices have proven to
even more efficient (up to ca. 18%). Representative device data are shown in Figure 2 and show
that the most important factor in the higher efficiency of the p-i-n devices is a higher fill factor.

n-i-p p-i-n
25 T T T T T T T ] 25 T T T T T T T
20 —=—Light ] 20 F —=—Light
€ °r —e—Dark ] Cr —e—Dark
g wop . S 10| B
z 0 v ] =z
b 1 ZsF " ]
3.0 fF Light J-V ] S0k Light J-V . .
Zasf J 21.19 mA/em? 3 £ s [ J 2200 mA/cm® & ]
Eaxf PCE: 14.99 % 1 £} PCE: 17.40 % ‘ 3
O 25 | V. 1.10V 1 O 2 F V. 1.04V -
30 | FF: 0.64 —_ 30 |- FF: 0.76 7
e 1 1 1 1 1 . el I I I 1 L L L J
0.0 0.2 0.4 0.6 0.8 1.0 E g 16 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16
Voltage (V) Voltage (V)
20 [ T T T T ] 20 T T T T
18 - _ 18 ]
16 - B 16 B
€ ul — € 1
° S
< 12 E| < 12 ]
PcBCB £ [ 1 £, ]
- : . —=—J (mA/cm?) - SPO: 17.55 % —=—J (mAlcm?)
8 SPO: 1285% | —=—PCE (%) | s Jyy  19.94 mAlcm? | —==PCE (%) |-
. Joan: 15.05 mA/cm 1 6 SS;’O . 0.88 ]
SPO,,: 0.84 o
4 1 1 1 1 ] 4 1 1 1 1 ]

40 50 0 10 40 50

* Time (s) * o Time (s) *
Fig 2. Left: Chemical structure of a crosslinkable ETM, PCBCB, and J-V characteristics. Yime-dependent
photocurrent at the maximum power point for (left) n-i-p (n-doped PCBCB/[FA,Cs]Pb[l,Br]s/p-doped

spiro-OMeTAD) and (right) p-i-n (polyTPD/[FA,Cs]Pb[L,Br]s/PCBCB) perovskite solar cells.
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2. D. Luo, W. Yang, Z. Wang, A. Sadhanala, Q. Hu, R. Su, R. Shivanna, G. F. Trindade, J. F. Watts, Z.
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3. Z.Wang, Q. Lin, B. Wenger, M. G. Christoforo, Y.-H. Lin, M.-T. Klug, M. B. Johnston, L. M. Herz,
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Oxide/Electron-Transporting Material Interface by a Strong Reductant and its Effect on Perovskite
Solar Cell Efficiency”, Mol. Syst. Des. Eng., published online, DOI: 10.1039/c8me00031j.

3.1.2. Book Chapters

none in this period

3.2. Presentations

1. “Interface Chemistry for Organic Electronics and Opto-electronics”, S. R. Marder, CIMTEC 2018
- 14™ International Conference on Modern Materials / 8" Forum on New Materials, Perugia,
Italy, June 10"-14™ 2018.

2. “Redox-active molecules as electrical n-dopants for OLED transport materials,” S. Barlow, SPIE
Optics and Photonics 2018, San Diego, August 19"-23" 2018.

3.3. PhD Theses

none in this period

3.4 Patents

none in this period

3.5. Personnel Fully or Partially Supported

none in this period; no-cost extension period involved only use of travel funds
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