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1. Executive Summary 

This team has built upon one of the few historic areas of strength, microelectronics, at UNCC, 
and expanded into a few newer and potentially revolutionary topics, which were pioneered by 
some of the team members as demonstrated by the research products (journal publications and 
patents) of the team. These topics focus on development, basic research, and applications of 
smartly integrated heterogeneous materials in nanoscopic scales. They are or expected to be 
evolving into new research directions that will be followed by the broader material sciences and 
engineering community with major implications in fundamental sciences and real-world 
applications in electronics, optoelectronics, quantum informatics, and energy related 
applications. 

Well-established universities have engaged in more mature material systems since the time the 
materials were developed decades ago. As a relatively newly established research institute, our 
efforts on the well-known material systems, while still necessary and meaningful, tend to yield 
only incremental improvement and understanding, which will not make us distinct from others. 
Instead, we should devote our limited resources to emerging or new material systems that can 
offer unique material properties, with greater tunability, and the ability to fill the critical gaps in 
the properties of existing materials. Our team has a well-documented record in the research 
related to a wide range of conventional material systems, thus we are well prepared in our efforts 
to explore the newly identified materials and discover additional completely new materials.      

This moderate size team consists of 12 experts of diverse backgrounds in physical science and 
closely related areas, including physics, chemistry, electrical and mechanical engineering, who 
have worked together in many research projects with demonstrated close, efficient, and cohesive 
collaboration. These efforts have manifested as many funded/submitted/published/on-going joint 
proposals, journal publications, and patents. Our team also contributes greatly to the overall 
research reputation of our university with ongoing collaborations throughout engineering and the 
sciences.  We contribute to the development of many other emerging areas of research 
excellence on campus (e.g. nanoscience, optics, bio-engineering) by providing researchers with 
novel materials to use, a portfolio of world-class analytical methods, device fabrication and 
testing capabilities, and theoretical modeling.  

Relatively speaking, our university’s research facility is less established compared to most R1 
institutes. However, in recent years, this group of researchers have put in major effort, with great 
success, in improving our readiness in engaging major research projects through getting major 
research equipment grants and upgrading the existing instruments. We have established a 
number of unique material and device characterization capabilities and methodologies in 
individual team member’s labs, in conjunction with the university wide user facility (e.g., Optics 
Center) and ECE cleanroom, which have positioned us as good if not better than many R1 
institutes in a few key areas. The team also has the capability of performing large-scale material 
design and simulation using state-of-the-art software. Furthermore, we have established an 
international/national collaboration network to complement our capabilities.   
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2. Evidence of Strength and Excellence 

Historically, electronic materials and devices was one of the key areas of strength at UNCC, as 
ECE department established one of the first three UNCC Ph.D. programs in 1993 with a research 
focus areas in microelectronics and optoelectronics. Semiconductor materials were the 
foundation and remain so for these research areas, but the scope of semiconductor materials has 
expanded greatly in the past few decades. 

Traditional elementary and fixed-composition binary semiconductors such as Si, GaAs and more 
recently SiC and GaN still play the dominant roles in today’s (opto)electronic related 
applications. In addition, semiconductors comprised of a variable composition of elements 
known as “alloys” for instance SiGe, InGaAs, InGaN, etc., have been developed. The primary 
advantage of these tunable materials is that they provide engineers the ability to design material 
properties that cannot be obtained by traditional semiconductors with fixed compositions.  

A paradigm shift in optoelectronic occurred in 1970, when Dr. Raphael Tsu (former 
Distinguished Professor of ECE) and Prof. L. Esaki (Nobel laureate) proposed the first quantum 
mechanics level design of a hybrid structure of two materials (e.g., GaAs/AlGaAs) arranged in 
alternating layers of nanoscopic thickness and precision. The resulting hybrid material is often 
referred to as a semiconductor superlattice.1 This invention has led to a large number of 
technological innovations and applications, including the widely used light-emitting diode (LED) 
lamps, surface-emitting lasers, and high-sensitivity light detectors, and it inspired many of the 
current day diverse nanoscale sciences and technologies.  

Conventional wisdom would suggest to combine similar materials in terms of crystal structure 
and atomic size. However, the close similarity of the constituents often implies a relatively small 
tunability. To achieve broader material property tunability and even completely new 
functionalities, researchers have explored hybridization of highly dissimilar or non-conventional 
materials as the next generation semiconductor materials. Our group at UNC Charlotte have 
established excellence and international/national prominence in a few areas of this field. This is 
illustrated below by a few examples. 

Lead PI Y. Zhang was one of the pioneers who started to explore a family of II-VI based 
organic-inorganic hybrid crystalline materials, which had led to a few high-impact publications 
in the field.2-4 Recently, with co-PI Schmedake, they have received an AOR grant to study these 
materials for novel (opto)electronic applications and fundamental understanding of the design 
principles to achieve stable and perfect hybrid structures (a joint paper is under review). This 
effort could evolve into a new research frontier for developing highly stable organic-inorganic 
hybrid materials for applications in quantum informatics and electronics. In 2010, Y. Zhang and 
R. Tsu proposed the first superlattice structure of 2D materials (e.g., graphene/silicene),5, 6 and 
demonstrated the MBE growth of ultra-thin Si layers on graphene.7 His group subsequently 
collaborated with other groups (e.g., NCSU) in the study of other 2D heterostructures (e. g., 
MoS2/WS2), resulting in multiple highly cited publications.8-13 Recently, Y. Zhang’s group and 
his collaborators (Sandia, NHMFL, etc.) reported the first observation of quantum oscillations 
and high mobility of a 2D electron gas at the interface of a unusual hetero-structure consisting of 
two semiconductors (PbTe/CdTe) with very different crystal structures.14 

Schmedake, Walter, and Y. Zhang have a joint NSF project on the development of a novel 
group of Si-based organic molecules. They have had multiple joint publications, in collaboration 
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with Hofmann.15, 16 These materials have great potential for (opto)electronic applications (e.g., 
organic field-effect transistors (OFETs) and rare-earth-free phosphors for white-light LEDs). It 
has been patented and also led to the establishment of an academic spin-off start-up company, 
Light and Charge Solutions, LLC, which has received over $500k in non-dilutive funding to 
date. Ebong and Y. Zhang are collaborating in understanding the subtle role of Te clusters in the 
Ag based solar cell electrode,17 and developing new Cu-based electrode material on a DOE 
funded project to Ebong. H. Zhang and Y. Zhang are collaborating on the research of MoO3 
and WO3 nanowire structures for potential catalytic and photochromic applications.18, 19 Xu and 
Y. Zhang are collaborating on the study of BC4 nanowires for thermoelectric applications.20-22 
Egusa, Bejger, Her, and Y. Zhang are collaborating in the study of new phases of vanadium 
oxide for tunable and fast refractive index switching. Y. Zhang and Wei are collaborating on an 
exploratory research on new photochromic material, yttrium oxyhydride. Her and Y. Zhang are 
collaborating on non-linear optics and ultrafast time-resolved carrier dynamics of the organic-
inorganic hybrid materials. Bejger and Schmedake are collaborating on studying crystalline 
polymers comprising transition metal chalcogenide molecular clusters for catalysis, energy 
storage, and electronic devices,23-25 and Bejger recently received an NSF CAREER award.  

Hofmann, Egusa, Her, and Y. Zhang are co-PIs on an NSF MRI grant for developing new 
material deposition capability that is much needed for transforming new materials into devices. 
Many of us were co-PIs on major equipment grants from ARO (one led by Xu – funded, one by 
H. Zhang – funded, one by Y. Zhang - pending), and on an NSF/MRI led by Hofmann 
(pending). Y. Zhang’s group has developed an array of unique microscopic scale device and 
material characterization techniques that have been shared with the members of this research 
cluster as well as many beyond this group.26-31 The team also has the capability of performing 
large-scale material design and device simulation using state-of-the-art software.32-37 

Members of this research cluster bring complementary and interdisciplinary expertise in the 
development, basic research, and applications of novel non-conventional materials, yet with 
strong background in a wide range of conventional materials.38-45 Lead PI Y. Zhang has diverse 
external collaboration with scientists all over the world and many domestic collaborators in 
government labs (e.g., NREL, Sandia, LBNL, ANL, ARL, NRL, NIST) and universities. For 
instance, he was a co-PI on a 6-year ARO/MURI project with team members from UIUC, ASU, 
Georgia Tech, and TAMU; he was the lead PI on a follow-up project for a small set of the MURI 
team; and a co-PI on a 3-year UNC/ROI project with team member from UNC-CH, NCSU, and 
NCCU. Besides many high-impact journal publications, many projects led by Y. Zhang also 
received considerable medium attention (e.g., on LETs in MIT Technology Review, 2016). 

Together this team has supervised 59 Ph. D and 44 MS. Schmedake has been running an NSF 
undergraduate summer research program for 13 years, hosting 130 students, with many of us as 
co-PIs.  A majority of these 130 students come from places where research opportunities are 
limited or from demographic backgrounds that have historically faced societal and/or economic 
barriers to participation in science and engineering careers.   

Often we develop new concepts and materials but are unable to effectively demonstrate their full 
potential due to limited resources (e. g., facility and critical mass). Advanced (opto)electronic 
device fabrication specifically is a weak area at UNCC. Targeted hiring in this area is requested. 
This strategic addition would leverage our breakthroughs in hybrid materials and properties, and 
in so doing would boost the overall impacts of the hybrid materials research team.   
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3. Alignment with Regional and National Priorities 

Materials are the foundation for practically all modern technologies. We are targeting new non-
conventional materials with one of these attributes: drastically improvement on key 
functionalities, providing currently not readily achievable properties, and low cost and 
environmentally friendly. For examples, our current project funded by ARO on II-VI hybrid 
materials are intended to achieve room-temperature exciton-polariton condensation for quantum 
computing, and p-type transparent conductive materials that are currently lacking for a wide 
range of technologies, such as PV, LED, electrochromic window; another project funded by NSF 
on the development of novel Si based organic molecules is seeking applications in low-cost, 
printable organic LEDs (OLEDs) and field-effect transistors (OFETs), phosphors in solid-state 
lighting to replace the commonly used phosphors based on rare-earth elements that are costly and 
environmentally unfriendly in production. Participation of a recently finished (2017-2020) large 
ROI project funded by UNC System on the development of hybrid perovskites for PV 
applications.  

Our efforts are generally in alignment with multiple national or general science priorities, such as 
Growing Convergence Research and Quantum Leap among the 10 big ideas identified by NSF, 
Targeting Materials Science for Quantum Technologies in Quantum Frontiers: Report on 
Community Input to The Nation's Strategy for Quantum Information Science, multiple areas of 
Physical Sciences and Engineering Sciences in Army Research Office Broad Agency 
Announcement for Basic and Applied Scientific Research, Buildings Energy Efficiency Frontiers 
& Innovation Technologies in DOE Office of Energy Efficiency & Renewable Energy. 
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4. Supporting Documents

Table 1. Brief summary of team member information

Name Title Expertise 
(Lead) 
Yong Zhang 
(ECE) 

Bissell 
Distinguished 
Professor 

Material and devices characterization; Optical 
spectroscopy; Electronic structure and device 
modeling 

(Co-Lead) 
Thomas A. 
Schmedake 
(Chem) 

Professor Synthesis and characterization of organic-inorganic 
hybrid materials 

(Co-Lead) 
Terry Xu 
(MEES) 

Professor 

Synthesis and characterization of boron-based 1D 
nanostructures, measurement of mechanical 
properties of individual nanostructures and 
exploration of their applications in thermoelectric 
energy conversion. 

Christopher 
Bejger 
(Chem) 

Assistant 
Professor 

Design and synthesis of nanoclusters and redox 
active metal-organic frameworks. 

Abasifreke Ebong 
(ECE) Professor 

Metal/semiconductor interface characterization for 
carrier transports in optoelectronic devices - solar 
cells, LED, photosensors, etc. 

Shunji Egusa 
(Phys. & OS) 

Assistant 
Professor 

Nano-materials synthesis and characterization; 
Optical spectroscopy 

Youxing Chen 
(MEES) 

Research Assistant 
Professor 

Microstructure - mechanical behavior correlation at 
the nanoscale; Interface structure characterization and 
the corresponding behavior under external 
mechanical or electric stimuli. 

Wei Gao 
(ECE) 

Cleanroom 
Manager, Lecturer 

Semiconductor device fabrication and 
characterization; Cleanroom facility operation and 
management. 

Tsinghua Her 
(Phys. & OS) 

Associate 
Professor 

Light-matter interaction, laser material synthesis and 
modification; Laser resonators and quantum 
electronics; Guided-wave physics; Optical sensing 
and metrology; Ultrafast and nonlinear optics; 
Nanomaterials and metamaterials. 

Tino Hofmann 
(Phys. & OS) 

Assistant 
Professor 

Optical characterization; Advanced thin-film 
deposition techniques, and in-situ monitoring 

Michael G. 
Walter 
(Chem) 

Associate 
Professor 

Molecular semiconductors for solar energy 
conversion, molecular electronics, and small 
molecule fluorescent biosensors. 

Haitao Zhang 
(MEES) 

Associate 
Professor 

Materials synthesis and growth mechanism study; 
Structure characterization; Property measurement & 
testing for electronic and optoelectronic applications 

(Two-page CVs for all team members are given after References) 



7 
 

References 
1 L. Esaki, and R. Tsu, Superlattice and Negative Differential Conductivity in 
Semiconductors. IBM Res. Dev. 14, 61 (1970). 
2 X. Y. Huang, J. Li, Y. Zhang, and A. Mascarenhas, From 1D chain to 3D network: 
Tuning hybrid II-VI nanostructures and their optical properties. Journal of the American 
Chemical Society 125, 7049 (2003). 
3 Y. Zhang, G. M. Dalpian, B. Fluegel, S.-H. Wei, A. Mascarenhas, X. Y. Huang, J. Li, 
and L. W. Wang, Novel Approach to Tuning the Physical Properties of Organic-Inorganic 
Hybrid Semiconductors. Physical Review Letters 96, 026405 (2006). 
4 Y. Zhang, Z. Islam, Y. Ren, P. A. Parilla, S. P. Ahrenkiel, P. L. Lee, A. Mascarenhas, M. 
J. McNevin, I. Naumov, H. X. Fu, X. Y. Huang, and J. Li, Zero Thermal Expansion in a 
Nanostructured Inorganic-Organic Hybrid Crystal. Physical Review Letters 99, 215901 (2007). 
5 Y. Zhang, and R. Tsu, Binding graphene sheets together using Silicon – Graphene/Silicon 
superlattice. Nanoscale Research Letters 5, 805 (2010). 
6 Y. Zhang, R. Tsu, and N. Yue, Growth of semiconductors on hetero-substrates using 
graphene as an interfacial layer. US Patent, US2014/039596 (2014). 
7 N. Yue, J. Myers, L. Su, W. Wang, F. Liu, R. Tsu, Y. Zhuang, and Y. Zhang, Growth of 
oxidation-resistive silicene-like thin flakes and Si nanostructures on graphene. Journal of 
Semiconductors 40, 062001 (2019). 
8 Y. Yu, C. Li, Y. Liu, L. Su, Y. Zhang, and L. Cao, Controlled Scalable Synthesis of 
Uniform, High-Quality Monolayer and Few-layer MoS2 Films. Scientific Reports 3, 1866 
(2013). 
9 Y. Yu, S. Hu, L. Su, L. Huang, Y. Liu, Z. Jin, A. A. Purezky, D. B. Geohegan, K. W. 
Kim, Y. Zhang, and L. Cao, Equally Efficient Interlayer Exciton Relaxation and Improved 
Absorption in Epitaxial and Nonepitaxial MoS2/WS2 Heterostructures. Nano Letters 15, 486 
(2015). 
10 A. Gurarslan, Y. Yu, L. Su, Y. Yu, F. Suarez, S. Yao, Y. Zhu, M. Ozturk, Y. Zhang, and 
L. Cao, Surface-Energy-Assisted Perfect Transfer of Centimeter-Scale Monolayer and Few-
Layer MoS2 Films onto Arbitrary Substrates. ACS Nano 8, 11522 (2014). 
11 Y. Yu, Y. Yu, C. Xu, Y.-Q. Cai, L. Su, Y. Zhang, Y.-W. Zhang, K. Gundogdu, and L. 
Cao, Engineering Substrate Interactions for High Luminescence Efficiency of Transition-Metal 
Dichalcogenide Monolayers. Advanced Functional Materials 26, 4733 (2016). 
12 L. Su, Y. Yu, L. Cao, and Y. Zhang, Effects of substrate type and material-substrate 
bonding on high-temperature behavior of monolayer WS2. Nano Res. 8, 2686 (2015). 
13 L. Su, Y. Zhang, Y. Yu, and L. Cao, Dependence of coupling of quasi 2-D MoS2 with 
substrates on substrate types, probed by temperature dependent Raman scattering. Nanoscale 6, 
4920 (2014). 
14 B. Zhang, P. Lu, H. Liu, L. Jiao, Z. Ye, M. Jaime, F. F. Balakirev, H. Yuan, H. Wu, W. 
Pan, and Y. Zhang, Quantum Oscillations in a Two-Dimensional Electron Gas at the 
Rocksalt/Zincblende Interface of PbTe/CdTe (111) Heterostructures. Nano Letters 15, 4381 
(2015). 
15 M. Kocherga, J. Castaneda, M. G. Walter, Y. Zhang, N.-A. Saleh, L. Wang, D. S. Jones, 
J. Merkert, B. Donovan-Merkert, Y. Li, T. Hofmann, and T. A. Schmedake, Si(bzimpy)2 – a 
hexacoordinate silicon pincer complex for electron transport and electroluminescence. Chemical 
Communications 54, 14073 (2018). 



8 
 

16 Y. Li, M. Kocherga, S. Park, M. Lata, M. McLamb, G. Boreman, T. A. Schmedake, and 
T. Hofmann, Optical dielectric function of Si(2,6-bis(benzimidazol-2’-yl)pyridine)2 determined 
by spectroscopic ellipsometry. Opt. Mater. Express 9, 3469 (2019). 
17 K. Ren, D. Han, T. Ye, Y. Zhang, and A. Ebong, The impact of semimetal nanoparticles 
on the conduction of thick glass layer at Ag/Si contact interface.  127, 225302 (2020). 
18 T. Sheng, B. Cao, Y. Zhang, and H. Zhang, New growth modes of molybdenum oxide 
layered 1D structures using alternative catalysts: transverse mode vs. axial mode. 
CrystEngComm 17, 1139 (2015). 
19 Y. Yi, J. K. Marmon, Y. Chen, F. Zhang, T. Sheng, P. S. Wijewarnasuriya, H. Zhang, and 
Y. Zhang, Intrinsic Exciton-Phonon Coupling and Tuning in ZnTe Nanowires Probed by 
Resonant Raman Scattering. Physical Review Applied 13, 011001 (2020). 
20 Q. Zhang, Z. Cui, Z. Wei, S. Y. Chang, L. Yang, Y. Zhao, Y. Yang, Z. Guan, Y. Jiang, J. 
Fowlkes, J. Yang, D. Xu, Y. Chen, T. T. Xu, and D. Li, Defect Facilitated Phonon Transport 
through Kinks in Boron Carbide Nanowires. Nano Letters 17, 3550 (2017). 
21 Z. Guan, B. Cao, Y. Yang, Y. Jiang, D. Li, and T. T. Xu, Observation of ‘hidden’ planar 
defects in boron carbide nanowires and identification of their orientations. Nanoscale Research 
Letters 9, 30 (2014). 
22 Z. Guan, T. Gutu, J. Yang, Y. Yang, A. A. Zinn, D. Li, and T. T. Xu, Boron carbide 
nanowires: low temperature synthesis and structural and thermal conductivity characterization. 
Journal of Materials Chemistry 22, 9853 (2012). 
23 A. Nesmelov, D. Lee, C. Bejger, M. Kocherga, Z. Lyles, M. K. Greenier, A. A. Vitallo, 
G. Kaouk, D. S. Jones, and T. A. Schmedake, Accessing new microporous polyspirobifluorenes 
via a C/Si switch. Chemical Communications 56, 9846 (2020). 
24 M. B. Freeman, O. D. Edokobi, J. H. Gillen, M. Kocherga, K. M. Dipple, D. S. Jones, D. 
W. Paley, L. Wang, and C. M. Bejger, Stepwise Assembly of an Electroactive Framework from a 
Co6S8 Superatomic Metalloligand and Cuprous Iodide Building Units.  26, 12523 (2020). 
25 N. A. Turner, M. B. Freeman, H. D. Pratt, A. E. Crockett, D. S. Jones, M. R. Anstey, T. 
M. Anderson, and C. M. Bejger, Desymmetrized hexasubstituted [3]radialene anions as aqueous 
organic catholytes for redox flow batteries. Chemical Communications 56, 2739 (2020). 
26 Q. Chen, and Y. Zhang, The reversal of the laser-beam-induced-current contrast with 
varying illumination density in a Cu2ZnSnSe4 thin-film solar cell. Applied Physics Letters 103, 
242104 (2013). 
27 C. Hu, Q. Chen, F. Chen, T. H. Gfroerer, M. W. Wanlass, and Y. Zhang, Overcoming 
diffusion-related limitations in semiconductor defect imaging with phonon-plasmon-coupled 
mode Raman scattering. Light: Science & Applications 7, 23 (2018). 
28 L. Su, Y. Yu, L. Cao, and Y. Zhang, In Situ In Situ Monitoring of the Thermal-Annealing 
Effect in a Monolayer of MoS2. Physical Review Applied 7, 034009 (2017). 
29 Q. Chen, S. Bernardi, and Y. Zhang, Spatially Resolved Laser-Induced Modification 
Raman Spectroscopy for Probing the Microscopic Structural Variations in the Quaternary Alloy 
Cu2ZnSnSe4. Physical Review Applied 8, 034008 (2017). 
30 T. Park, Y.-J. Guan, Z.-Q. Liu, and Y. Zhang, In Operando Micro-Raman Three-
Dimensional Thermometry with Diffraction-Limit Spatial Resolution for GaN-based Light-
Emitting Diodes. Phys. Rev. Appl. 10, 034049 (2018). 
31 Q. Chen, B. S. McKeon, S. Y. Zhang, F. Zhang, C. Hu, T. H. Gfroerer, M. W. Wanlass, 
D. J. Smith, and Y. Zhang, Impact of Individual Structural Defects in GaAs Solar Cells: A 



9 
 

Correlative and In Operando Investigation of Signatures, Structures, and Effects. Advanced 
Optical Materials 9, 2001487 (2021). 
32 Y. Zhang, A. Mascarenhas, and L.-W. Wang, Systematic approach to distinguishing a 
perturbed host state from an impurity state in a supercell calculation for a doped semiconductor: 
Using GaP:N as an example. Physical Review B 74, 041201(R) (2006). 
33 Y. Zhang, A. Mascarenhas, and L. W. Wang, Similar and dissimilar aspects of III-V 
semiconductors containing bi versus N. Physical Review B 71, 155201 (2005). 
34 Y. Zhang, and L.-W. Wang, Global electronic structure of semiconductor alloys through 
direct large-scale computations for III-V alloys GaxIn1-xP. Physical Review B 83, 165208 (2011). 
35 Y. Zhang, A. Mascarenhas, S.-H. Wei, and L. W. Wang, Comparison of atomistic 
simulations and statistical theories for variable degree of long-range order in semiconductor 
alloys. Physical Review B 80, 045206 (2009). 
36 J. Wang, and Y. Zhang, Band-gap corrected density functional theory calculations for 
InAs/GaSb type II superlattices. Journal of Applied Physics 116, 214301 (2014). 
37 J. Wang, Y. Zhang, and L.-W. Wang, Systematic approach for simultaneously correcting 
the band-gap and p-d separation errors of common cation III-V or II-VI binaries in density 
functional theory calculations within a local density approximation. Physical Review B 92, 
045211 (2015). 
38 A. Mascarenhas, and Y. Zhang, The Physics of  Tunable Disorder in Semiconductor 
Alloys, in Spontaneous Ordering in Semiconductor Alloys, edited by A. Mascarenhas (Kluwer 
Academic/Plenum Publishers, New York, 2002), p. 283. 
39 Y. Zhang, A. Mascarenhas, and L.-W. Wang, Non-Bloch nature of alloy states in a 
conventional semiconductor alloy - GaxIn1-xP as an example. Physical Review Letters 101, 
036403 (2008). 
40 A. Franceschetti, and Y. Zhang, Multiexciton Absorption and Multiple Exciton 
Generation in CdSe Quantum Dots. Physical Review Letters 100, 136805 (2008). 
41 Y. Zhang, L.-W. Wang, and A. Mascarenhas, “Quantum coaxial cables” for solar energy 
harvesting. Nano Letters 7, 1264 (2007). 
42 Z. Wu, Y. Zhang, J. Zheng, X. Lin, X. Chen, B. Huang, H. Wang, K. Huang, S. Li, and J. 
Kang, An all-inorganic type-II heterojunction array with nearly full solar spectral response based 
on ZnO/ZnSe core/shell nanowires. Journal of Materials Chemistry 21, 6020 (2011). 
43 Y. Zhang, ZnO AND GaN NANOWIRE-BASED TYPE II HETEROSTRUCTURES, in 
Wide Band Gap Semiconductor Nanowires 2: Heterostructures and Optoelectronic Devices, 
edited by V. Consonni, and G. Feuillet (Wiley-ISTE, 2014). 
44 Q. Chen, H. Liu, H.-S. Kim, Y. Liu, M. Yang, N. Yue, G. Ren, K. Zhu, S. Liu, N.-G. 
Park, and Y. Zhang, Multiple-Stage Structure Transformation of Organic-Inorganic Hybrid 
Perovskite CH3NH3PbI3. Physical Review X 6, 031042 (2016). 
45 F. Zhang, J. F. Castaneda, S. Chen, W. Wu, M. J. DiNezza, M. Lassise, W. Nie, A. 
Mohite, Y. Liu, S. Liu, D. Friedman, H. Liu, Q. Chen, Y.-H. Zhang, J. Huang, and Y. Zhang, 
Comparative studies of optoelectrical properties of prominent PV materials: Halide perovskite, 
CdTe, and GaAs. Materials Today 36, 18 (2020). 

 


