»
w
SEPIYOLIT TEMELLI ISKELET YAPISINA
SAHIP YUKSEK VERIMLI PEROVSKIT
GUNES HUCRELERININ URETiMI

Prof. Dr. Mahmut KUS
Dr. Esma YENEL




52

48

40

o (%]
N (=21

N
[==]

Efficiency (%)

12

PV Teknolojilerde Verimlilikler

20

No. Caroina

Boeing

Malkug? fa KO[]HV, <

Manosofar

U of Malng

U.of Mane

Statel. goizrex

x Kodak
Kodak KO%2¢ KM
D —

Solarex

~NREL

. A
Malsushita

B=a
- - o .
Best Research-Cell Efficiencies bad
NATICHNAL RENCWALLLE DMIRGY LANCRATORY
Multijunction Cells {2-terminal, monolithic)  Thin-Film Technologies
LM = Iaflica malched © CIGS (cancentrator) g (MM, 3020 {4-). 267x)
— W= metararphic ® Cics fa et ™
=invers v ey
IMM = invertzd, n'letamnfphc g CdTe " B Sore (| ru.‘nm 51’;" | & IS8/ Solise pryr
V' Three-junction {concentrator) Amorphous SicH (stebilized Semiconductoe: A ! REL
(— 'V Three-junction (non-concentrator) Emerging PV M, 406 " 44.4%)\4
A Two.]uncl.'pn {concentratar) O Dye-sensitized cells ' 7 soiec NREL
a T con; gao): Goycestionns) O Perovskite cells (ot stabiliz : (4, 3 19327
.- Four-]unctpn or more (concenirator) ® Organic calls (various types| r-lL Solar Boelng-
Four-junction or mare (nan-cancentrator) A Crganic tandem celis N.3257%  Junclion o Spectrotab (5l
Single-Junction GaAs ® Inorganic cels (CZTSSe) (L at8e o g Sharp (IMM)
A sige st <& ?:?Irxugdzll _c)ells Sharp {IMN) ..o W | e
A Conceniraor P— shap (M) FrG: 15 A Al
V' Thin-fim crystal 4
Crystalline Si Cells :E t'“s'{‘a’ _,t‘,REESL ()| A6 Etectronics
[~ B Single crystal (concentrator) Varias
B Single crystal {non-concentrator) f;,r:“: Ol * 7 &%%:yhes
- ilicon heterostructures {205%) Bl = <z37x| Elesironics
¥ Thin-fim crysta - g_@é:mﬂ- _______s.au_np:,;,;rf'_’;____----..-----..---n[szx) 3 ﬁnsm
140x Kegin o e e o o e 5 0 o e = 4 . :
(1404 i A A s ONSW Radbeud U, - Bl e Solar }::uirh&er
— e T e K s UNSW U!\S"'UNSN Sanyo SEN cas:
B W= s B NS L FHGISE g0 Sanjo g JOCAS} i
(TJ. Watson A====" W %o Slanford UNSW UNSW!  NREL Sanyo U . < ‘ﬂnﬂ"\’%%s \
Research Center} ARCO UN?“ Georgz  Eurosolare  (14)) - o Fraunhofer-ISE
A / Georgla Tech ' s
b £ ISFHZ v KRICT| ™" FI’:I Solar
Westing- Vari g Tech %3 e ReL NREL  NREL S 4 EPRL
o ool Varian o UNSW NREL NREL NREL NFEL NREL 0 st qum e ‘ b0 i Sl
andia

NRELY- . Stultgart

) Chell

Wit

RE:EJ

Unit LG Electronics.EEFLO
United Selar [aSiincSine
e Sharm . o =B |CL A
K ! Friillips 6

Groningen

NREL/Konarka Konarka

U. Linz

2\ UlTeconto
T U.Teronto

* U. Teronto
(F6S-QD)

I NREL
{Z00/P0S-QD)

*Chinese Academy of Sciences (CAS)
|

[ RN DO I DN T ) A L i i
2010 2015 2020



r Perovskit Giines Pillerinin ‘
Dikkat Cektigi Calismalar 2012 Il

&

SCIENTIFIC BN
RE Pg}RTS N *

@ Llead lodide Perovskite Sensitized
All-Solid-State Submicron Thin Film

wonoonee Mesoscopic Solar Cell with Efficiency
T Euconding 9%

APPLIED PHYSICS Hui-Seon Kim', Chang-Ryul Lee', Jeong-Hyeok Im', Ki-Beom Lee', Thomas Moehl?, Arianna Marchioro?,

Soo-Jin Moon?, Robin Humphry-Baker?, Jun-Ho Yum?, Jacques E. Moser?, Michael Gréitzel®
: & Nam-Gyu Park’
Received



Perovskit Giines Pillerinin
Dikkat Cektigi Calismalar 2012 Ili

Efficient Hybrid Solar Cells Based
on Meso-Superstructured
Organometal Halide Perovskites

Michael M. Lee, Joél Teuscher,” Tsutomu Miyasaka,” Takurou N. Murakami,* Henry ). Snaith™
SCIENCE VOL 338 2 NOVEMBER 2012 643

)CD

—
L)

........

.......

Meso-Al,0,
n=10.9% |

o
T

Current density (mA cm?
o

Planar Junction
n=1.8%

0 ' | A
0 0.2 04 06 0.8

Voltage (V)




Roplace consuching nmanoporous Ti0, by non-conducting A0, neteork and

improved V,, demonstrating perovakiies can ransport both electons and

holos boyond aching as sensbders

Also roporied success wih speo MeOTAD

Use of mixed halcke exthdidng boder stabidy and camer bansport than &3 pure
OG0 eQuivient

1991 2006 2009 2011 2012 2013 2014 2015




Perovskit Geometrileri
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Perovskit Uretim Teknikleri
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Motivasyonumuz
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Motivasyonumuz

e Bildiklerimiz

 Yalitkan gozenekli yapilar perovskit pillerde iskelet yapi
olarak kullanilabilir.

Aktif yuzey alani verimlik tzerine olumlu etkiler yaratir.

Iskelet yapinin seffafligi 6nemlidir.

e Sorunumuz...

111 Perovskit kristallerinin gozenekler icine sizma sorunlari

Tekrar uretilebilirlik sorunlari

Kararhlik sorunlari
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Liletas: Yapisi
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Sepiyolit Temelli Iskelet Yapisina
Sahip Yiiksek Verimli Perovskit
Giines Hiicreleri

EHT= 2.00 kV
WD= 2.1 mm




' Sepiyolit Katmanin Hazirlanmasi
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Perovskit Katmanin Hazirlanmasi

GBL ¢oziiculii perovskit ¢ozeltisinin filmlerinin kaplanmasi




Perovskn‘ Katmanm Hazurlanmasn
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ACN c¢ozeltisi icin kurulan dizenek, ¢ozeltinin baslangi¢ ve son hali
ve kaplama sonrasinda film ylizeyinin goriintusu




Sepiyolitin Kaplanabilir Jellerinin
Hazirlanmas:

Farkh ¢oziicuiler icinde sepiyolitin dagilimi ve sepiyolitin jellesebilmesi

icin uygulanan ultrasonik sistem (¢ubuk) ve kaynatma islemi



Sepiyolit Jellerin Filmlerinin

EHT = 500 kY Signal A= SE2 Date 6 Jun 2018 EHT = 5.00 kV Signal A = SE2 Date :8 Jun 2018 e
WD = 2.6 mm Mag= 50.00 KX Time :9:45:29

i
WD = 26 mm Mag = 30.00 KX Time .9:48:47

" 3
v
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>

EHT= 200 kV Signal A = InLens Date :7 Jun 2018 EHT= 200 kV Signal A = InLens Date :7 Jun 2018

; ZEISS
WD = 2.1 mm Mag = 30.00 KX Time :14:28:36 | . wD= 2.1 mm Mag= 50.00 KX Time :14:30:49

prey yontemiyle kaplanan 5 mg gliserinli ticari sepiyolit iceren filmlerin SEM goruntuler




Sepiyolit Jelleri Igeren Farkl Perovskit
Cozeltilerinin Filmlerinin
SEM Goriintileri

T

2.00kY EHT= 2.00 kV Signal A= InLens Date :7 Jun 2018

WD= 2.0mm Mag= 10.00KX Time :13:29.00 sl WD= 2.3mm Mag= 50.52 KX Time :12:49:40

Sepiyolit-GBL perovskit ¢ozeltisi iceren filmlerin SEM ve yan kesit goriintileri




'Refer‘ans ve Sepiyolit Jelleri Igeren Perovski'l"
Cozeltilerinin Filmlerinin Gorintileri

Referans perovskit kaplh bir film ve sepiyolit iskelet yapisi iceren perovskit kapli
bir filmin goriintiisii



I Perovskit Cézeltileriyle Hazirlanmis Sepiyolit ve Spi
OMeTAD Igeren Pillerin Referanslariyla Kiyaslanmasi

Isc(mA/cm?) Verim n (%)

Sepiyolit icermeyen hiicrelerin referanslari

18,81 950 051 11,4
16,54 900 053 994
21,63 950 058 14,8
12,28 750 056 7,92

TiO,/PCBM/PER/spiro-OMeTAD geometrisinde farkh perovskit cozeltileriyle
hazirlanan sepiyolit icermeyen hiicrelerin verimleri
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Referans ve Farkli Perovskit Cozeltileriyle
azirlanmis Sepiyolit Igeren Pillerin Kararliliklar

m  Sepiyolit
m Referans

Zaman (Ay)

Zamana bagh verimlerdeki degisim
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Hiicre sayisi

Tekrar Uretilebilirlik

Verimler (%)

Referans Piller

Hicre sayisi
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Tez Calismamizin Tanmitimi

Trk arastirmacilan dinyaya tanitmak







