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Time resolved 
~  10-10 s

Temperature resolved 
3K – 300 K
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resolved
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200 -1700nm

PbS PbSe PbTe MAPbI3
a (Å) 5.936 6.124 6.462 6.26

Eg (eV), bulk 0.37 0.27 0.23 1.55
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Halide perovskite: New Wonder material
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Keeping busy whole spectrum of experts!
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Temperature coefficient of bandgap : +ive or –ive?
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• Lattice Dilation dominated dynamic semiconductors
• Urbach Focus in contrast to conventional inorganic crystalline semiconductors

Singh et al JPCL 2016
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Static vs Dynamic disorder in semiconductors!

W. Shockley & J. Bardeen Phys Rev. Vol. 80, p-72 (1950)
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Photo-physics of Perovskites Semiconductors

R. Saxena et al JPC C 2018

Anomalously large PL decay in HOIP 
Single Crystal

Kumawat el al ACS Appl. Energy Mat. & Inter. 2015
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Direct observation of Free vs. Localized excitonic state 
in Controlling the Photoluminescence Dynamics of 
High Optical Gain CsPbBr3 Nanocrystals
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2D Layered Perovskite Emission Spectrum!

Laxmi et al  JPCL. 2022 Mar 21;13:2737-43

K. Ema et al Phys. Rev. B 73, 241310(R) (2006)
.

➢ 2D perovskites improve the moisture stability

➢ Perfect charge transport layer for PVs

➢ High exciton binding energy → Efficient quasi-2D PeLEDs

12 mm12 mm

12 mm 12 mm

(PEA)2PbBr4 at RT (PEA)2PbBr4 at 10 K

(PEA)2PbI4 at 10 K(PEA)2PbI4 at RT

Laxmi

Dark (T)

Bright (S)

K. Ema et al Phys. Rev. Lett. Vol. 100, p-257401 (2008)
Adachi et al NAT. Photonics Vol. 14 p-70 (2020)
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Steady State Photoluminescence (PL) 

▪ Multipeaks emission in both perovskites

▪ White emission in Br based perovskite → mixing of narrow and broad emission colours 

▪ Iodine case 4th peak is missing or significantly small!
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No self-trapping of electrons in polar materials with ions!
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(a) (b)

(c) (d)

For Figure a, Bouhdjer L, Addala S, Chala A, Halimi O, Boudine B, Sebais M. Elaboration and characterization of a KCl single crystal doped with nanocrystals 

of a Sb2O3 semiconductor. Journal of Semiconductors. 2013 Apr 1;34(4):043001

For Figure b. Delbecq CJ, Smaller B, Yuster P. Optical Absorption of Cl 2− Molecule-Ions in Irradiated Potassium Chloride. Physical Review. 1958 Sep 

1;111(5):1235

Figure c and d M, Ikezawa Kojima T. Luminescencs of Alkali Halide Crystals Induced by UV-Light at Low Temperature. Journal of the Physical Society of 

Japan. 1969 Dec 5;27(6):1551-63

Absorption and Emission features of STE in Alkali Halides 

For KCl crystals

▪ STEs Absorption peak at 3.44 eV

▪ STEs Emission at 2.5 eV, excitation with 8.3 eV x-rays



lution.[34,35] The most interesting feature is that these complex-

es exhibit much higher quantum yields (U) in the film than

that in solution[34,35] because of the absence of solvent-induced

exciplex quenching.[27±29] Note that the photoluminescence

quantum yield of [Cu(dnbp)(DPEphos)]BF4, 69%, is very

high for an electrophosphorescent material. Comparing the

complexes with different NN ligands, incorporating bulky

alkyl groups in the 2 and 9 positions of the phenanthroline li-

gands leads to an increased quantum yield and excited-state

lifetime (s), as well as to a blue-shifted emission band. The

reason for this is that bulky substituents can sterically prevent

structural relaxation in the MLCT state, which may narrow

the energy gap between excited and ground states, and there-

fore increase non-radiative decay.[34,35] In both complexes,

those based on triphenylphosphine and those with DPEphos

ligands, the trend of U and s is dnbp > dmp > phen, with U

being proportional to s. The complexes based on DPEphos

ligands exhibited a higher U and a shorter s than those based

on PPh3 ligands, which is a favorable feature for the fabrica-

tion of high-performance OLEDs, especially under high

current densities.[36] Moreover, the complexes based on DPE-

phos are thermally more stable, as revealed by thermogravi-

metric analysis (TGA ). For example, [Cu(phen)(PPh3)2]BF4

lost its triphenylphosphine moieties around 200 C, while

[Cu(phen)(DPEphos)]BF4 did not decompose until 320 C

wasreached. Consequently, the complexes based on DPEphos

are more suitable for application in OLEDs than those based

on PPh3.

Considering its promising properties, the complex

[Cu(dnbp)(DPEphos)]BF4 (3b) was selected for OLED fabri-

cation. A structurally similar complex without substituents on

the phenanthroline ligand, [Cu(phen)(DPEphos)]BF4 (1b),

was chosen for comparison. Their highest occupied molecular

orbital (HOMO) levels were determined to lie at ±5.7 eV and

±5.5 eV, respectively, by cyclic voltammetry. From their

UV-visabsorption bands, lowest unoccupied molecular orbital

(LUMO) levels were then calculated to lie at ±2.9 eV and

±2.8 eV, respectively. In the fabrication of devices, PVK was

chosen as the host material because of its good hole-transport

ability, broad bandgap, and overlap of the emission spectra

with the MLCT absorption spectra of 1b and 3b, as shown in

Figure 2. The LUMO and HOMO levels of PVK (±2.3 eV

and ±5.8 eV) are above and below those of the CuI complexes,

suggesting that 1b and 3b can possibly trap both electrons and

holes in OLEDs with the device configuration shown in Fig-

ure 1. In fabrication of OLED devices, a thin film of a

CuI:PVK blend was spin-coated on a PEDOT-treated ITO

substrate and vacuum dried. On top of this, a BCP hole block-

ing layer and an A lQ electron transfer layer were deposited in

succession. Finally, a L iF/A l cathode wasdeposited.
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Table 1. Absorption and emission data, photoluminescencequantum yield

(U), and theexcited-statelifetime(s) of 20 wt.-% CuI complexes in PMMA

films.

Complex kmax,abs

[nm]

kmax,em

[nm]

U s

[l s]

1a 367 543 0.14 8.1

2a 365 509 0.32 18.1

3a 366 504 0.57 32.9

1b 386 555 0.16 4.6

2b 377 527 0.49 13.2

3b 376 519 0.69 20.3

Cu

N

N

R

R

P

P

[Cu(phen)(PPh3)2]BF4, R = H   (1a)

[Cu(dmp)(PPh3)2]BF4,  R = CH3  (2a)

[Cu(phen)(DPEphos)]BF4,  R = H  (1b)

[Cu(dmp)(DPEphos)]BF4,   R = CH3  (2b)

[Cu(dnbp)(DPEphos)]BF4,  R = (CH2)3CH3  (3b)

Cu

N

N

R

R

P

P

O BF4
 -

BF4
 -

+ +

[Cu(dnbp)(PPh3)2]BF4, R = (CH2)3CH3  (3a)

 

 

    

E     

Figure 1. Molecular structures of CuI complexes (left), and the energy diagram of an OLED device (right).
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Figure 2. Absorption and photoluminescence spectra of 20 wt.-%

[Cu(dnbp)(DPEphos)]BF4 (3b) and 20 wt.-% [Cu(phen)(DPEphos)]BF4

(1b) in PMMA, and photoluminescence spectrum of PVK (neat film).
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Temperature-dependent steady-state PL of 2D perovskites {(PEA)2PbBr4 and 

(PEA)2PbI4} 

 

Figure S7.  Temperature-dependent steady-state PL spectra of (a) (PEA)2PbBr4 and (b) 

(PEA)2PbI4 2D layered perovskites thin films in semi-log scale. Excitation of thin films was 

done using 355 nm wavelength (i.e., 3.49 eV) pulsed LASER. 
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PV  Kamat  et al ACS Nano 2023, 17, 19052−19062

Literature Data

Broad emission in 2D perovskites

❖ An emission from triplet of molecular cation (NEA 
– naphthyl ethyl ammonium) -phosphorescence

❖ Emission strength depends upon energy level 
alignment in inorganic layer and organic cation

❖  Temperature decrease further boost the 
emission 

❖ Wavelength dependent PL kinetic shows the 
contributing emissive states

293 K 



…. there is huge growth projected for perovskite cells with 57% CAGR between 2024-31 with 
all global giants investing significantly in perovskite technology

Source: Fortune Business Insights (link)
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Perovskite solar cells 
market size ($ Bn)

Market Size

57%

Projected Perovskite cell market size Major investments in Perovskite technology

Trina: 841W panels. 
Longi: 34.58% efficiency. 
These aren't incremental improvements. We're watching solar's next chapter unfold.

https://www.globenewswire.com/news-release/2023/10/30/2769123/0/en/Perovskite-Solar-Cell-Market-Size-to-Surpass-2-759-16-Million-by-2030-Exhibiting-CAGR-of-56-5.html
https://solarquarter.com/2024/04/29/global-solar-pv-manufacturing-capacity-projected-to-hit-1100-gw-by-2024-and-1300-gw-by-2028-surpassing-demand/
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Perovskite cells offer higher efficiency, lower cost, flexibility, and better low-light 
performance and ease of manufacturing!

Parameters

Theoretical maximum and 
commercial efficiency 

1

2

Raw Material availability 3

Raw material Cost 4

Manufacturing ease

Silicon based cells

29-33% (1) (Shockley-Queisser limit)
Commercially available: 25.09 % (3) 

China controls ~80% of the global supply 
chain from raw poly-silicon to finished 
modules (5)

Lower cost due to abundance and simplicity 
in processing

Established manufacturing with complex and 
energy intensive processes for monocrystalline 
silicon and casting for polycrystalline silicon

5

Perovskite cells

Theoretical: 45.3% (2)
Demonstrated: 28% module efficiency (4)

Lead halide and tin halide  are widely available, less 
energy-intensive to process

Lower cost due to abundance and simplicity in 
processing 

Utilizes techniques like printing & coating, which are less 
energy-intensive & more scalable

Durability and lifespan6 25-30 years
Shorter lifespan compared to silicon cells, recent 
advances in encapsulation and stabilization techniques 
are extending their operational life

Light absorption Can absorb photons with a wavelength less than 800 
nm as the bandgap width of perovskite is 1.55 eV (6)

Can absorb photons with a wavelength 
greater than 800 nm as the bandgap width of 
silicon is 1.1 eV (6)

https://en.tongwei.cn/blog/93.html
https://www.pv-tech.org/longi-solar-pushes-n-type-topcon-cell-to-record-25-09-conversion-efficiency/#:~:text=LONGi%20Solar%20has%20set%20a%20new%20record,n%2Dtype%20monocrystalline%20bifacial%20TOPCon%20cell%20of%2025.09%.
https://www.environmentenergyleader.com/stories/chinese-firms-set-to-control-nearly-half-of-us-domestic-solar-panel-production-by-next-year,48342#:~:text=As%20a%20result%2C%20China%20now,reduction%20in%20solar%20PV%20costs.
https://pubs.acs.org/doi/10.1021/acsenergylett.6b00405
http://www.gcltech.com/en/goods/produce1/73.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC7661566/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7661566/
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Micro-quanta Perovskite Solar plant 1.1 MW



Technology Transfer and licensing of IPs

Optoelectronic device fabrication tool

TCE on soft materials fabrication tool 
→ Optoelectronics and bio-photonics

OLED manufacturing meteorology tool Method of forming perovskite film via vacuum 
approach

Applied Materials Inc., USA Applied Materials Inc., USA

Research Highlights
Nature – where I work
IOP – Physics world
AIP- SCIlight
Global PV Magazine

Patents filed 
Countries includes: India, US, China, 
Japan, Taiwan, South Korea, Europe

Patent granted

Dinesh Kabra ; dkabra@iitb.ac.in 19



Space grade PV solutions

Why Space grade PV:
• For strategic reasons
• Rise in privatization of space industries
• 6G communication: 0.1 M satellite by 2030!
• Only 3 companies makes these cells 
• (AZUR, CESI and Spectrolab)

III-V group is widely used 
• Gallium (Ga) : 90 % of it is in China
• Ga is announced as critical element by DOE-USA

Material Atomic 

Number(Z)

Bond Strength 

(KJ/mole)

Specific Power

(W/Kg)

Ref

Si 14 200-300 10-30 15

CdTe 48(Cd) 52(Te) ~200 40-80 16

GaAs 31(Ga) 33(As) ~200 200-1000 17

Perovskite Pb(82) I(53) ~150-200 100-2300 18

Halide perovskite PV :
• Proven to work
• Moisture free environment
• Atomic number and bond strength!

Customers:
ISRO/DRDO , NASA, European Space Agency
Australian Space agency, Many private companies

Threshold are lower:
• Cell Size (8 cm x 8cm) 
• life-span 3-5 years
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SUBSem+

Glass or Si/ 
TCO 
substrate to 
complete 
device stack!

Excel Instruments, Vasai, Mumbai21



https://doi.org/10.1002/solr.202500163

4T silicon perovskite tandem cell efficiency > 30% achieved at 17.5 mm2 and 29.14% published in public domain!

4T Silicon perovskite Tandem PCE ~ 30.18%

Confidential Information: for internal use only. 
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WO3:
•  ~9% higher T%
• Uniform film
•  Better energy 

level alignment

• 30.2% efficient Si/perovskite 4T tandem

• ETL/perovskite and HTL/perovskite interface passivation

• Energy level tuning 

Role of Buffer Layer for Tandem

EES Solar, 2025 (In press)

Adv. Mater. (Under communication)
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Under Review with Adv. Energy Mater 2025

Interfacial engineering for stable PSCs

Confidential Information: for internal use only. 
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Halide perovskite is stable under DAMP HEAT beyond IEC Requirement!

Perovskite film is stable at 85 0C and 85% RH

Device level testing underway

Light + heat : Crucial!

Confidential Information: for internal use only. 



Schematic of the perovskite evaporation 

chamber with capability of evaporating three 

sources simultaneously. 

Evaporated Perovskite solar cells

• High Reproducible

• Solvent Free Process

• Scalable

• Highly Uniform

Larger cells, Eg 1.67 eV

EL image



For 4T/2T Silicon Perovskite Tandem Solution

Capacity: 20 MW pilot line

In-line tool : 33 x 60 ~ 2000 m2

(excluding sitting place, warehouse)

ISO7 clean room 
except ISO6 for 200 m2

Cost: 25 M$ 

Model : PPP

Delivery time: 6 months

Confidential Information: for internal use only. 

Partners/stackholders discussion:
• Central Government
• State-government
• Large scale Manufacturers

Pre-requisite of production line development

370 mm x 475 mm
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Solar cells → photodetector/optical sensors Strategic → beyond Silicon

Such a low noise level makes them ideal for Photon-counting detectors

Hossain & Kabra et al Device 2024
28
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Conclusions

• Static vs Dynamic Disorder

• Self-trapped excitons vs Fine structure of Excitons

• To overcome fundamental single junction limit→ Tandem cell is solution

• Halide perovskite semiconductor engineering promise to provide the 
solution

• Space PV: free from Ga supply!

• Equipment : indigenous solution

• Silicon-perovskite Tandem solar cells PCE > 30.2%

• Monofacial perovskite single pixel cells with active area > 5 cm2 with PCE 
19.8% → 4T tandem PCE ~ 30%!

• Photodetector: lowest noise current → photon counting detector!
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2. We have secured 4 Indian patent, 2 US patents and 5 patents are under application, 5 
Patents have be transferred from IIT B to ART PV India(1/2)

StatusCountry

Granted (Patent No: 405924)

PCT application number: XX

Patent description

Photonic devices by organometallic halides based perovkites material and its method of 
preparation (Inventors: Dinesh Jugal Kabra, Naresh Kumar Kumawat, Amrita Dey)

System and Method for Fabrication of Multi-layer Thin Film Optoelectronic Devices (Inventors: 
Dinesh Jugal Kabra, Laxmi Nrita Gaur, Gangadhar Banappanavar, Aldrin Antony, Subash Pai

Granted (Patent No: 464062)

Nir-Transparent Organic And Perovskite Bi-Facial Optoelectronic Devices And System For 
Preparation Thereof (Inventors: K.R. Balasubramaniam, Sudhanshu Mallick, Dinesh Jugal 
Kabra, Abhijit Singha, Ananta Paul, Subash Pai, Venkatesh Chityala

Granted (Patent No: 503121)

Granted (Patent No: XX)Molecular and Device Engineering for Electroluminescence Using Organic Semiconductors. 
(Inventors : Dinesh Kabra and Amrita Dey) 

Granted

US Patent 10,935,492.

Metrology for OLED manufacturing using photoluminescence spectroscopy” (2020) A 
Ghosh, BS Kwak, T Egan, RJ Visser, G Banappanavar, D Kabra 

Granted 

Patent Publication Number WO 
2019/135911 A1 )

Piezoelectric materials and devices and methods for preparing the same. R Pandey, S Boyer, A 
Kadam, VR Rao, SC Seth, and D Kabra.  

Patents to be transferred to ART PV from IIT B



2. We have secured 4 Indian patent, 2 US patents and 5 patents are under application, 5 
Patents will be transferred from IIT B to ART PV India(2/2)

StatusCountry Patent description

Application filed (Docket No.: 
25491INL/ATG/ATG/DHWANG)Novel Lead-Free Piezoelectric Material”. Inventors: Richa PANDEY, Sankesha BHOYAR, Ankur 

KADAM, Dinesh KABRA, V. Ramgopal RAO and Suresh Chand  SETH

Application filed 

US Patent Application No. 
44018148 )

Large area thin film deposition technique for hybrid halide perovskite via novel two-step 
process (thermal evaporation and spin coating) of Lead-free hybrid halide perovskite-based 
piezoelectric materials. 

Electro-Optic diode devices: This invention relates to electro-optic diode devices, and 
especially but not exclusively to high efficiency electro-optic diode devices having polymer 
and metal oxide components. Dinesh Kabra, Myoung Hoon Song, Bernard Wenger, Richard 
H. Friend and Henry J. Snaith

Application pending

Applied 

Patent Application no: 
202321054565

Tailored work function based hole transport layer for optoelectronic devices (Inventors: 
Dinesh Jugal Kabra, Kashimul Hossain, Nrita Gaur) 

Ultrathin insulating passivation layer for optoelectronic devices (Inventors: Dinesh Jugal 
Kabra, Laxmi, Manas Misra, Venkatesh Gangareddy Chityala, Saurabh Gupta  

Applied 

Patent Application no: 
202421006885

Patents to be transferred to ART PV from IIT B



Thanks for your kind attention

Lab to LIFE
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