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FLSLAS = Psrolab

Multi-disciplinary group (chemistry, physics, engineers)

HemMHoro o Hawewu naboparopun

MISSION AND STRATEGIC GOAL
@ Implementing research and technologies with advanced semiconducting materials

@ Establishing network partnerships
@ Promoting cutting-edge technologies in focus areas
@ Education students
>80 >20 >10 Printed New
Papers Q1 Patents know-how electronics Materials
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PbIHOK CEHCOPOB U300paXKeHU !
(kamep) Ha CMOS
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[lpo3payHble CKaHepbl oTNe4vyaTKka — Ha gucnree

transparent fingerprint sensor

.....
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bonblwue neyaTHblie MaTpU4Hbie OIY

flexible TFT backplane. Source: ISORG

TFT cuctema cyMThIBaHWMA OOLIMHO TMOKKE.

MNeyaTHble poOTOAETKTOPDI

» [oNHOCTbIO HAHOCMMDbIE U3 pacTBOpa opraHuyeckue (OPDs) unu

nepoBckutHblie ®41 (PPDs).

» [mMbpuaHbie opraHnuyeckue (OPD HaHeceH KMOI, npyumeHeHue ana
undpoBbIX Kamep)
Mb6pugHbie Ha KT (Hanpumep, PbS Ha KMO).

Bonbline, HU3KOE pa3pelleHne,

ManeHeKkWe, BEICOKOE pa3pelleHne
silicon readout circuit. Not flexible.
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bonblwue neyaTHblie MaTpU4Hbie OIY

» M6bpugHble opraHnueckme (OPD HaHeceH KMOI, npumeHeHue ana unudpoBbiX Kamep)
» TnbpugHblie Ha KT (Hanpumep, PbS Ha KMOT).

Mampuuya opaauuﬁ“‘ecxux
¢gpomodemekmopoe Ha TFT
mpaH3ucmopax. Mcmo4yHuk. ISORG

Bonblume, HU3KOE paspelleHme, MarneHbkne, BLICOKOE paspelueHne
TFT cuctema cuntbiBanma OBbIYHO MOkKe. silicon readout circuit. Not flexible.
C ‘ D‘ T %lﬂllt Centre —
e b e by s e TS
GpraHHL'IECKHE.‘ Cambridge Display Technology A FraunhOfer
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[MopuaHble cuctembl

Conventional Colour Imaging

m/m/m: B/G/R filters

[]: pixel
I : photodetector

S v

color
filters

Rpixely \Gpixely \Bpixel,
V. Pecunia, ‘Organic Narrowband Photodetectors’, Institute of Physics Publishing 2019 (Book)

Ha OPD

= = microlens

colour filter
Photoactive Layer
pixel electrode

protective layer
=
e w— metal interconnect
=

transparent electrode

° transistor &
capacitor

charge
storage node

Si substrate

color
filters

Broadband OPD

Rpixely \Gpixel, ‘BEier,

Colour-filter-based
imaging with
broadband OPDs
already successfully
demonstrated

FUJ:FILM

Panasonic




MoTuBauus
* [IeTEKTOPbl PEHTFeHOBCKOro nsnyyeHus: >$2 mapa. npyn CAGR 5%

e [leTeKTOpbl OTNeYyaTKos nanbLes: >$4 mapa. npu CAGR 15%

O6BEMbBI MMPOBOTO PbIHKA:

7000

PbIHOK NeYyaTHbIX CeHCOPOB

6500

6000

llion

5500

$m

5000 [ CeHcopbl Ha TFT-maTpuue

[ | Mo pnaHbIe UMUOXUHI-CEHCOPbI
B MNeuaTHble ceHCOPbI FMIOKO3b

4500 | @ EmkocTHble rubkue ceHcopsi

4000
2018 2019

2017

B WHble nevaTHble ceHcopbI

2025

e rnbpuaHble geTeKTopbl n3obpaxkeHns: >$400 mAH.

.. X-Ray sensors w Smart shelving mw Biometric authentification

-




bonbuwune nevyaTtHble MaTpU4iHblie PI1Y

- doTopeTeKTopbl MOryT 6biTb HaHeceHbl Ha TFT maTpuuy

— Het HeobxoaumoctTu nukcenmposaTtb G/l cnhoi

- MpoTtoTnnbl NPOAEMOHCTPUPOBAHbI KOMNAHUAMMU
ISORG, FlexEnable n imec (Holst)

ISORG FlexEnable Imec (Holst Center)
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bonbline nevyaTHble MaTpuiHbie OI1Y

- YnbTpaTOHKUE U rMbKue aaTtunKkn usobpakeHumn

- Het Heob6xoaumocTu nukcenmnposatb /[ cnom

- PacTBOpHbIE TeXHON0TUMN, AelleBU3Ha, BbICOKasA CKOPOCTb NPOU3BOACTBA
- Huskmne temnepartypbl, He Hy}KeH BbICOKMW BaKyyMm,

ISORG FlexEnable Imec (Holst Center)
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MEYATHbBIE ®OTOOETEKTOPbDI?
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NMEYATHBIE POTOAOETEKTOPDI?
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NMEYATHBIE POTOAOETEKTOPDI?
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[leyaTHble hoTOAETEKTOPLI?

6

Carbon

82 207.20

Pb

Lead

_,_:—'—'_'_'_'_'_'_

o -

R S —

Makarov et al, “Halide-Perovskite Resonam\lgophotonics" Advanced Optical Materials, 7 (1), 1800784 (2019)
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[leyaTHble poTOAETEKTOPLI?
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Carbon -

82 207.20 APbX, % ,
CsPbBr, E’
P b halide

| ead perovskites

Makarov et al, “Halide-Perovskite Resonant Nanophotonics” Advanced Optical Materials, 7 (1), 1800784 (2019)



[ToyeMy NepOBCKUTDLI

200 Record Solar Cell Efficiencies

i

e

N oOpraHuKa?

https://www.nrel.gov/pv/cell-efficiency.html

O o0 <1 29.8 % silicon-perovskite tandem

<] 26.7 % silicon
<1 25.7 % perovskite

<] 23.4% CIGS .
- < 2219 CdTe o Perovskite PV has advanced at a
& 200 1 _ faster rate than any other
2 ] 5 : . . , % Si
o ] N Ab——00 A < 130%DSSC o Single junction perovskite PV 29.8% Sitpero
100 < slowing down 18.2% OPV
] 690@
5.0 1 &< o o Silicon-perovskite tandem is in early
o< IDTechEx e stages but has a maximum
0.0 . : . : : : theoretical efficiency limit of ~43%
1990 1995 2000 2005 2010 2015 2020
=>&Silicon Cell -O-Perovskite Cell
O Silicon-Perovskite Tandem Cell -O-CIGS
-%-CdTe <©-0rganic Cell

Data sourced from NREL Solar PV Efficiency Chart



https://www.nrel.gov/pv/cell-efficiency.html
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OpraHnyeckuun cpotoguopn

BHJ DEVICE ENERGY
ARCHITECTURE BAND DIAGRAM
lumination LUMOponer
! LUMO sceaptor

Top electrode
&
‘Electron Extraction Layer

Active layer Q
SRR HOMOganer
Fottan electrode HEL | i  HOMOucepror i




OpraHunyeckunmn poroamon — ceHcop

BonbtamnepHas
XapaKTepUCcTMKa

KntoyeBble nokasaTtenun 3hPpeKTMBHOCTH

Current density [mA cm?]

Dark current

Jg (V)

Voltage [V]

Hu3Kkmnit TeMHOBOM TOK (Jp ipoise)

. Hunskune wymol

. BbICOKMI AMHAMKUYECKNIN AMana3oH
Bbicokana EQE

=  [ImanasoH YyBCBUTENbHOCTHU

= BbicoKoe cooTHoleHue S/N
ManeHbKuit pasmep nukcena

=  BbicOoKOM pa3pelleHune
CKOpOCTb OTK/NIMKA

=  BbICTpOE CYMTbIBAHUE

= OTcyTCcTBME 3a4EPKKM KaapoBs




\ POCCUNCKWIA LLEEHTP
W\ FMBKOIA 3NEKTPOHUKU

Cxema paboyero ctaka

transparent top electrode stack (+TFE

j )_ Organic
.‘_ --4 photodetector

1. 1GZO TtpaH3uctopHas matpuua (TFT) 0 P|xe| electrode stack

interlayer

2. OpraHunyeckun potoamnon (OPD)

3. [pospayvHas nHkancynauua (TFE)

dielectric

/ Semiconductor (1GZ0) A\

gate insulator
bottom gate

Polyimide substrate + thin film encapsulation (TFE)

TFT backplane

Obwaa manuwjurHa < 100 Mkm
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POCCUNCKWIA LLEHTP

rMBKOI 3NEKTPOHUKI

)

U

CTpykTtypa matpuyHoro PI1y
pixel

TFT

raw

Cxema pabou4ero cTaka




/ Large area, ultra-thin and flexible image sensors

MaTpuua MNMukcene
(400x400)

AOTUTHO TMO=> T
ZOTVHO TMOD=XTh

MyneTHnnekcop 20:1

) POCCUMIACKNIA LLEEHTP
U MMBKOI SNEKTPOHUKA
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BHewHun Bug n ctpoeHue OI1y







Cxema cumtbiBaHUe CUrHana

508-ppi resolution

200 um

Menkue nukcenu, 6onbLue hbakTop 3anoriHeHUsA

gate

drivers

PD

gate line

= =
2 %
S = TFT
Il-]_l' Hrll llJ_l—H [ 1 » _l
T I 1
“]_IH“' "'_|H‘ "'_|H'
T 1 1
“]_IH‘“ ..._IH‘ "'_|H‘

bias bus

ADC

charge
amplifiers

BoamoxxHo ansa OPD B cuny ero ToHkux ®AC n 6e3 Heo6xoaAMMOCTU NAaTTePHUPOBAHUS




Cxema cumtbiBaHUe CUrHana

508-ppi resolution

200 um

Menkue nukcenu, 6onbLue pakTop 3anoNHeHUs Dr.Blade nanecerue 300-#m OPD
cpomoakmueHoao cJios

BoamoxxHo ansa OPD B cuny ero ToHkux ®AC n 6e3 Heo6xoaMMOCTU NATTEPHUPOBAHMUS




OpraHuyeckumn cpotoaeTeKkTop

Dr.Blade HaHeceHue 300-Hm OPD
gomoakmugeHo20 criosi

OPD42 DoctorBlade 1-20 mm/s double coat

AR —— DB 20mm/s light +9V
| —— DB 10mm/s light +9V
——— DB 5mm/s light +9V
—— DB 1mm/s light +9V
| —— DB 20mm/s dark +9V

10° 3

:'él
é’ 107 —— DB 10mm/s dark +9V
£ ] T —— DB 5mm/s dark +9V
> 102 _ f oq— DB 1mm/s dark +9V
£ 3
(e ]
8 igs] :
10° 4,
= T o, PAL 366 nm Il i
(0] p ‘U"C’*’m‘!un, / /'/ i
= 10 oo, ' 'uw"“"“‘mﬁmnn,m v I
3 } i, PAL 764 nm ][]
] ¥O2000000005000000aAa o i N
10 4 Sostes ot i
PAL 333 nm \/ ]

10 +—T——F——T—T—7
30 25 -20 15 10 -05 00 05 10

u(v)
[MnoTHOCTL TeMHOBOIo Toka <3x10-8 mA/cm?2,
EQE 60%

D* 3x1012 Jones s NEP)

JINHenHbIN OTKNNK 00 eaunHuL, HBT/cm?2
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OpraHnyeckumn dorToaeTeKkTop

N
o
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. .
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>
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»
>
>
»
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»
%

Extemal Quantum Efficiency
o
PN
»
»
»
4 »
L3

‘%Wv—.——-—*ww—'
10 10" 10* 10* 10 10°
Dark reverse cumrent (A/cm?)
Organic references |norganic references
Dr.Blade HaHeceHue 300-Hm OPD : Near Infrared X Cristatine Si
gomoakmugHo20 cios = * Amorphous Si

o
o




arge area, ultra-thin and flexible image sensors

Self-Aligned a-1IGZO TFT

GIP using

driving TFT
(Oxide)

switching TFT
(Oxide)




TFT Arrays for backplane: 30 years development

North Europe

* Finland (VTT, TactoTec, Canatu)

» Belgium/Netherlands (Imec, Holst Center)
 Great Britian (PragmatIC, Flexnable)

V]

o
L
\

USA
* E-ink

* Thin Film

* Amazon Go

South East Asia

 Japan (Sharp, INOEL)

» South Korea (LG Displays, Samsung)
* Taiwan (Foxconn)

OBED TV




TFT Arrays for backplane: 30 years development

North Europe
* Finland (VTT, TactoTec, Canatu)

* Great Britian (PragmatlIC, Flexnable)

* Belgium/Netherlands (Imec, Holst Center)

USA

e E-ink

» Amazon Go
 Thin Film

e'9®

Russia
* Technospark

South East Asia

« Japan (Sharp, INOEL)

» South Korea (LG Displays, Samsung)
 Taiwan (Foxconn)




TFT Arrays for backplane: 30 years development

Panasonic 65” 4K OLED TV

LG 88” 8K OLED TV

outh East Asia
lapan (Sharp, INOEL)
south Korea (LG Displays, Samsung
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Road map

2021-2022

. material choices (circuits, electrodes,
adhesives)

«  electronics + firmware + soft development

«  Technology demonstration

Matrix Image sensor structure

Now TRL 5 2024

Prototype Validation Upscaling
manufacturing optimization Sales
Optimization RnD * complete device extensive network
Gradual scaling up OPD testing and of manufacturers for
Monitoring of operational validation various aspect of
performance TFT-based products
|
Parameters Val. ! Parameters Val.
|
Resolution 400 lines x 400 colons. I Resolution Min. 512x960 pix.
|
ppi 300 ppi | ppi 500 ppi
Pixel size 50,8 x 50,8 um : Pixel size 50,8 x 50,8 um
Active area 53 x36 mm2 : Active area Up to 300 x 400 mm?2
step 84 um | step 75 um
|
“mode static I ’m?///Dynamic/video mode




Road map

2021-2022

Now TRL 5 2024 2025

. material choices (circuits, electrodes,
adhesives)

«  electronics + firmware + soft development

«  Technology demonstration

Parameters

Prototype Validation Upscaling
manufacturing optimization Sales
*  Optimization RnD * complete device «  extensive network
*  Gradual scaling up OPD testing and of manufacturers for
*  Monitoring of operational validation various aspect of
performance TFT-based products

Val.

Resolution Min. 512x960 pix.
ppi 500 ppi
Pixel size 50,8 x 50,8 um
Active area Up to 300 x 400 mm
—] step T5um Nail-to-nail flexible fingerprint
sensor Xray detector
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UcKkpuBneHHble X-ray AeTeKTopbl

Flat Panel Curved

detector detector

e B komMbBuHauun ¢ rmbkKnmm cumHTUNNATOPaMM

Flexible image sensor Flexible scintillator Curved X-ray detector prototype

PHILIPS ot conre

Van Breemen et al. npj Flexible Electronics 4 (2020) 22
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BuiBOAbLI

e OpraHun4yeckue chotoauoabl

- OddekTnsHocTb OPD Ha ypoBHe C TOHKOMNMEHOYHbIMK DL Ha Siamopcb

- OueBuaHbIE NPEMMYLLECTBA: NE3BUNHOE HAHECEHUE, HU3KOTEMMNEPATYPHbIE NPOLECCHI,
6e3 naTTepHUpPOBaHUS

¢ anIMEHEHVIeZ TOHKUe, yaapornpo4yHblie, AgeleBble

e buometTpuyeckKkme cCKkaHHepbl
- HaTuukm oTneyatka nanbua anga naeHtundounkayum
- WHTerpmnpoBaHHble OaT4yMKu oTrnedvaTka B AUCNSIEN U OpyrMe YMHbIE MOBEPXHOCTU
- beckoHTakTHOE onpeneneHne BeH/pUCyHKa BeH
- MepguumMHCKMe OaTYUKHN
- [lynbc n okcureHauyma (spoO.,, ...)

- X-ray AeTeKTOpbl HOBOTO MOKOMNEHNS (unbreakable, multi-spectral stacked detectors direct

conversion, DAX)
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Cnacnbo 3a BHUMaHue!

CaHpaXuesa Mapua
maria.sandzhieva@itmo.ru
+79112888674
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AnbtepHatuBa KMOI1 nnu rmubpmnaHbim cuctemam?

flexible and light-weight materials
solubility in organic solvents = INKS!

low cost printing techniques on flexible substrates (plastic);

Biocompatibility

Human tissue-equivalent materials ~~ ———

v
v
v
v large area applications -scalability
v
v
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