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improved efficiency in perovskite solar cells

20178 28 26

M0 ED e
st s It
gt =

J
2t
-

Collection @ chosun



SE0

&K

oF

HZEAII0IE El

o)

0
£l

10
<

50
Kl

=

o]
il
H

RO
2
ok
or

7
or

ol
il
H

2016 112

ofJ

ol

B

ol

g
Kd

Collection @ chosun



=
ol

7
K

-t

KO
OF
oF

oJ

Kk
ild
B

oJ

140
<

2016 112

oFJ

ol

E

ol

g
KA

Collection @ chosun



TABLE OF CONTENTS

TABLE OF CONTENTS I

LIST OF TABLES [11
LIST OF SYMBOLS AND ABBREVIATIONS IV
LIST OF SCHEMES Vi
LIST OF FIGURES VI
Abstract VI

synthesis and application of silicon nano particles for

improved efficiency in perovksite solar cells

synthesis and application of silicon nano particles for improved
efficiency in perovksite solar cells

1. Introduction. .. ... oo
2. Experimental ... ...
2.1. Materials & Instrument........ .. ... . i,
2.1.1 Materials. .. .o
2.1.2  Instrument. ... ...
2.2. SYNTNES IS, .
2.2.1 synthesis of H-terminated Silicon nano particles.............
2.3. fabrication. ... .. ..o i
2.3.1 Fabrication of Hybrid Solar Cell.......... .. ... ... ... ...
3. RESUIES. . e

3.1 Results of Silicon nano particles......... ...,

Collection @ chosun



3.1.1 Optical Property of Silicon nano particles................... 10

3.1.2 Size Property of Silicon nano particles...................... 13

3.1.3 Work function of Silcon nano particles....................... 14

3.2 application of Silcon nano particles............... ... ... .. 16

3.2.1 Improved efficiency of perovskite solar cell.................... 16

4. CONCIUSTON. ..o 18

5. References. ... ..o 19
T

Collection @ chosun



LIST OF TABLES

Table 1 Jsc, Voc, Fill factor, PCE of hybrid perovskite solar at each
able
concentration of Si—NPs

Collection @ chosun



Si
Si—np
P3HT

PCOTBT

POTSTPD

PCPOTBT

ITO
HTM
OLS

HRTEM
PEDOT : PSS

OMF

um

nm
FT-IR
Uv-Vis
mmo |

H“8
Jsc

LIST OF SYMBOLS AND ABBREVIATIONS

Silicon

Silicon nano particle

Poly(3-hexylthiophene-2,5-diy!l)

Poly[N-9° -heptadecanyl-2,7-carbazole-alt-5,5-(4" ,7°
-di-2-thienyl-2" ,1° ,3" -benzothiadiazole)]
Poly[(5,6-dihydro-5-octy|-4,6-dioxo-4H-thieno[3,4-clpyrro

le-1,3-diyl)[4,4-bis(2-ethylhexy|)-4H-silolo[3,2-b:4,5-

b” ;1]dithiophene-2,6-diyl]]
Poly[2,6-(4,4-bis-(2-ethylhexyl)-4H-cyclopenta

[2,1-b;3,4-b" ]dithiophene)-alt-4,7(2,1,3-benzothiadiazol
e)]

Indium Tin Oxide

Hole Transporting material

Dynamic Light Scattering

High-resolution transmission electron microscopy
Poly(2,3-dihydrothieno-1,4~dioxin)-poly(styrenesul fonate)
N,N-Dimethy | formamide

micro meter

Nano meter

Fourier Transform Infrared Spectroscopy
Ultraviolet-Visible

Millimole

Microgram

Short-Circuit Current

_|\/_

Collection @ chosun



Voc  Open-Circuit Voltage

FF Fill factor
PCE  Power Conversion Efficiency

Collection @ chosun



LIST OF SCHEMES

Scheme 1 Scheme of H-terminated silicon nano particles
Scheme 2 Scheme of Ethylenediammonium dichloride
—_ \/l —_

Collection @ chosun



LIST OF FIGURES

Figure 1 crystal structure of perovskite

Figure 2 Energy band structure of metal and semiconductor
Figure 3 structure of hybrid perovskite solar cell

Figure 4 synthesized Si-NPs(left) and synthesized Si-NPs when

Irradiate the UV-lamp(365nm) (right)

Figure 5 PL spectra of silicon nano particle

Figure 6 absorbance of Si—-NPs

Figure 7 FT-IR spectrum of Si-NPs

Figure 8 HR-TEM image of silicon nanoparticles

Figure 9 Dynamic laser scattering data of silicon nano particles
Figure 10 Ultraviolet photoelectron spectra of Si NPs

Figure 11 HOMO energy levels of these Si NPs, PEDOT:PSS, MAPbI3

Figure 12 J-V curves of hybrid perovskite solar cell at each

concentration of Si—-NPs

- VIl -

Collection @ chosun



ABSTRACT

synthesis and application of silicon nano particles for

improved efficiency in perovksite solar cells

JuCheon Park

Advisor : Prof. Sohn, Honglae, Ph.D,
Depar tment of Chemistry,

Graduate School of Chosun University

recently, It has been actively studied for the improving efficiency of
Solar cell as an alternative energy of fossil fuel. at this experiment,
silicon nano particles were applied for improving efficiency of perovskite
solar cell as the hole transporting layer. silicon nano particles were
synthesized from the reaction of magnesium silicide and ethylene diammonium
chloride in chlorobenzene. Optical characterizations of Si-ncs were achieved
by using ultraviolet-visible (UV-Vis) and photoluminescence  (PL)
spectroscopy. The blue photoluminescence emitting of sinps is at 435 nm with
an excitation wavelength of 355 nm. the average size of sinps was 1.9-2.1nm
that was achieved via Transmission electron microscopy and dynamic |ight
scattering. perovskite has ABXs, organic inorganic complex crystal structure,
A is organic cation, B is metal cation, X is halide anion for combining A, B
cation. at this work, to use methylammonium lead triiodide, solar cell was
fabricated. in this fabricating solar cell, anode was transparent materials,
Indium tin oxide glass. hole transporting material, PEDOT-PSS was spin
coated on the ITO glass. next all processes were in glove box filled by
nitrogen gas. sinps ,perovskite, PCs:BM were spin coated in sequence on the

- Vil -
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PEDOT-PSS layer. Sinp that is diluted 25times was the highest power
conversion efficiency, Jsc, Voc. The efficiency was 9.8%, up 38% compared to

reference, Jsc is 16.5mA/cm?, Voc is 0.77V, the fill factor is 0.8.

_|X_
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synthesis and application of
silicon nano particles for
improved efficiency in perovskite
solar cells
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Introduction

JuCheon Park — M.S thesis
Chosun_University, Department of Chemistry
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b 2ot A2 @2 H43S0l JtA0 MZge RIISES 088 =Yg
2 EWN JtED MES cel S MG AMAGIRULCH. RIISS 018 EHLEX
M= EBHZHUHXIE &0t &XH-

=
PCDTBT, PDTSTPD, PCPOTBTSSl Il HA-FSHS 22AA EXE 0ISAIDI

= acceptor layer& PCsB, PC7oBMI pentacene, perylene S0l AIEZIH & 0=
20l =22 &

SOZ PEDOT:PSS2 22 =

dolfOF ot=0l FZet

JI20|l AFECH 22 B0L0F ot 2
©OZ Indium tin oxide, Aluminum doped zinc oxide,

Gallium z 2, Jt30| Mgst 2=20I=s
S MNZSEZS Soff HYITEGIH AIESU. S RIISEHY 8L WL
2O SE2 FRIHLHEX 82 Sas 020 X O F20= sHAHIE U
ACH. HH HZEAIIOIE AEFTRZXE IXle RIS, IS8 =2 23S HHY
X0 SEH2ZAM HLEXL S22 S&AIE A& NSZHAHBT

B X

figure 1. crystal structure of perovskite
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Figure 2. Energy band structure of metal and semiconductor
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Ch. Al2I2 LS XHs 1-100mm 212 JIXE UNES Ests EHOICH 0l
St BIZX ZIS YN 3TJ| 0/6t2 YKNE =0/ SHEHQ A2 &40
U= 2 BHEO| gl BHEO YHo| SN0 BGHH =0 Olys HES
OFXSHE QUCHD HEESICH A0 et AXUPESUE L0l= 01248 L QRO
EM2 0126 1 3JIS UH-XE bottomupLAlOE MDA 5Hof 8HA 6t
EHEREXIN & OlE=02AM S86t%ict. ™

Ol GIR0A EHUFX= & OISZO=2 PEDOT:PSSE AIESIZ D X2 2 0IS
=02 A2IE ULYNE ANESIU0. 22C3 HE 225 I LREs(I1)
S DMFOIl =2LO2A =&H HREAII0E BHS OIS AIRCH. 1 5 WX
OISZ0Z PCSIBNIS AFEGIN MXI0ISS S0I6HH QISQUCH. ¥=ozs= 2=2()
=2 FDSINA SHEI0 SHUDEHD S22 |T0 glassES ALZdH BHILEXE
OISQUCH OlZH SISOA RPI| =28 HRBAII0IE -2 LUegXt 5ol
21C BTN A2l2 USRIt HEH XEotD 582 SMAITISX o
Bt CH

2. Experiment

2.1. Materials & instrument
2.1.1 Materials

Silicong 0|88 ULLYXE 4ot A5t magnesium silicide (Alfa
aesar, 99%) 2+ Ethylenediammonium dichloride2 ZJ| @A tetrahydrofuran
(THF) 40mI2t ethylenediamine (Aldrich, 99.5%), ammonium chloride (Alfa
aesar, 98%), sodium chloride(Alfa aesar), sulfuric acid(Alfa aesar)E AtSdt

HUACH. A2 U=LXNE SHotdl foH  chlorobenzene(Sigma Aldrich

anhydrous 99.9%) 40mlIE IIE AMEZ6IQCH. &40 2= Z2E AFE2

standard Schlenk line & Ol26t0 0l=22 && ol0A XSZUCH. MAPbIsS ©CF

SI Qo MAls YA gdggoz  stdst D™ ppl2(Aldrich)E
_5_
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OMF(Sigma-Aldrich)0ll =0 &S/ IT0 glasset PEDOT:PSS(Aldrich),
PC61BM(Aldrich), Al(Aldrich)E ASdHA EHLXXE HSRULE.

2.1.2 Instrument

Silicon nano particles(Si-np)2 &&&A S42 U-vis absorption
(Shimadzu, UV-2401 spectrophotometer), photoluminescence  spectroscopy
(Perkin-Elmer, LS 55 luminescence spectrophotometer), el FT-IR (Nicolet
5700)2 & FotACH. Silicon nano particles? =3AJl= high resolution
transmission electron microscope (HR-TEM, Philips, TECNAI F20)2t DLS(Dynamic
laser scattering)E AFE6I0 LRACH. EHL XX S22 =) fdH one sun
Db ivium stateE AISICH. A2 UL X2 HMOE £J| flol Ol=23 HEE
2= 3J| & St0A ultraviolet photoelectron spectroscopy (UPS) (surface
analyzer, AC2, Riken Keiki, Co., Ltd., Japan)2 0|20 =HGIACH. EHLEX
o 582 =X5tI| A Xe arclamp=S O0I=5H0! 100 mW/cm® AM 1.56 222 0|2
OtCH. F=Jt& AM 1.5 global filterE OIE3UCt. current density-voltage

(J-V) curves = 100msSl & HE A|2tSZ2 =XHGIQUC

2.2. Synthesis

2.2.1 Synthesis of H-terminated Silicon nano particles

NH,A

scheme 1. Scheme of H-terminated silicon nano particles
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scheme 20l = == UXO0l H-termanated silicon nanoparticleS & &aotl|l
ot E X8t ethylenediammonium dichloride= ethylenediaminedt HCISJIE 0I&
ot &tdold 2 RUCH. Ethylenediammonium dichlorideS &I oA THF 40 mL
@t ethylenediamine0l = ZctAIE FHI8H S sodium chlorideE €2 UE =
A0 H&SHLD sulfuric acidE sodium chloridedt EH/U= SctAIA0 4=
OIM &&0l EHEH &8t HCI JtASE ZMAID|ILD cannulaE OIE6tH JtAGH
OlsAIZI = &20A Ht2H witsS AIZCH. MAE M solidE EHotD 2
E3F ool AXZE AL

HA
/ \ >
N, Ni, NEA NEA

scheme 2. Scheme of Ethylenediammonium dichloride

OlAd &2 Ethylenediammonium dichloride2 Mg.SiS O0I&3t0 Schemellt
AXZI|E IJHE Si-NPE
0Ol %= adapterg &
| BI10t SHLX &%
. Heating mantle OtZES S22 2N = sea sandE ZctA 30t
LI AM =HIE Schlenk Z2tA3E EUHECEH SFH2I12 in/outOll
HAZst = Silicon tubeE 0I1E6tH adapter 2t Sch
ot1), heating gundt vacuum pumpE OI&EotH Il WEE =20l AZAHAEL.
Schlenk ZctAa R E 2&S| AX A2 = 022 JIAE A3 RO X
&= S MgSi (0.30 g, 4 mmol, 1 equiv.)2t
(0.31 g, 2.4 mmol, 0.6 equiv.)2 FItot XAWEHIIE Z=C. heating gundt
vacuum pumpE OIEoHA AT AXAIASC. AZTUES Z2ULD TAl ol22 It

A2 UWREE MA=CH. A elXIE 0/sdlH Chlorobenzene 40 mLE #EOISHC).

SR

=2

=
2

ey

(=)
MM
Q

o

=

ooy
=

I
> -n
o

=
=
]

enk line2 HZ&

(@]

Ethylenediammonium dichloride
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Heating mantle 20 WPEHIIE AXIStCH. Heating mantleE WFA HEEX
(slidacs)0fl HZold ®& 2E)K 2HF0M WEHAI2ICH. Heating mantleg A
SO ZHo| M2 HE JISEHL. BE 255 KRGO
= SIS0, L& AIZ2H0l XL slidacsE Ml
1, 2Ht2 Schlenk EctAIE =0 E720 HE =2 ANEL. 3
MO AN FSHH Si-NPs samples 2 =L,
M= 9000rpm 2 H=2F AA =2ty ASE

50um filter2t 20um f

I

ol

no Jx

12
nio
ne

Ha

i

o

g O3

6_;‘_ 0x
o s i

My fr
x
o
o1
e

[ter&2

Ve
5L

sample& H

=)
o= M

2.3. Fabrication
2.3.1 Fabrication of Hybrid Solar Cell

7RI =S8 HZEAJOIE - 222 U=Z XA ot0lE2IE e

fIoHA MAI 2t PBI.E ZEBISZ OMFOll 60wt%=2 =0 F &4 Xl
2

r

Xl
= 2

LIS O 700 1AIZ2E Ol&r stirring AIZICEH. 1TO glassE AMIE A
oA & SOot=10 MAEXMIL Eole &SF==0 €0 ultra sonicationg &+LCt.
§ E8+2 & MHAESt FH SF=E M BIAHOW 1T0 glassE EO ultra
sonicationg &tCk. 1 S OE=Z= HIHM &2 S 1T0 glassE Z0 ultra
o

sonicationS ot 100C 2201 €0 HXEAIZICEH. MNIEE |TO glassE PEDOT:PSS

i
oo
T ox

ol
S
r

i8]

L
I>
]

0l

(W

JF 280 2 ZEE = UEF 0WWVOIA 900= Olat WHElE Sofl dl+=dHEBs
Br=0 &=Ct. PEDOT:PSSE Al2XIZ F &t = 50um filterE A XI0 Z2&AI2I12
ITOO & TEZEAIZI F 40=SQ 4000rpm =2 AEIEENECH 600 St &
20lA 2HF10 60025t 140CTOHA ZA=CH A2 &2 HE0l 2 170
glass= &a XIgE 2dE HAURE SAHAEML. 2 sEEZ2 F8l Si-npE &

elXl2 F ot IT0 glassOl =XEst F 60x2=92F 1000rpm &2 AT DE ST,
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Metal

Perovskite(MAPbDI3)
SiNCs
PEDOT (HTL)

ITO

Glass

figure 3. structure of hybrid perovskite solar cell

o20AM 10230t Z2l1 80TCHA 108 Zed=Ct. 1 F 0l2] =8 HEE

= ¢t 5000rpm AEDEOl AEGHD HZ
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3. Result

3.1. Result of silicon nano particles
3.1.1 Optical property of Silicon nano particles

2l UL AE g4dstn W F A2 LY Xe
FetokD| @Al PLDF FT-IR, UV/vis absorbanceS

ol
0x

0
ol
m o
o 1
B ]
|J
gl
Jo
JA

Jm

0x
mopo nx

t:l

o
(.

SASE AZIE Lo SH0EE 202D s Al oIxtol FT-IRE
Z=X5IACH. Figure 73F 20l 2150 cm ' v (Si-H)Q &= s

914 cn'2 &(Si-H)2 Z& XSS UEHHE 200ICH 611 cm '@ 28t
(Si-H)el &l TSS LEIWE=E AHO0ICH. Ol &c2ld USRIt 2% siliconit
hydrogen@& OI2{ M UCt= 272 LIEIHL. =380z Aeld UHL-YXE &
SoLHUCH. Figure 62 4= A2|2UL= X2 uv/vis absorbance spectra0l
Ct. 2nm &el2 U Xte S22 285nm0ll A LIEFLEA = CH. £8 Figure 5
= &del2 UL-YXel PL spectras LIEHHCEH. excitation IS 355nmE & F
FRLD 420nmOl A peakS JHRICH. O 252 366nm WHAS JHE UV lampE Alel
LI RH0l HIFH 2E/gsS O 224
gure 4 Jt Ael2 LY Xkte 2248 s

F
2elZ2 U=ZX0IH LEZ2 S0 A U lampE HIFAUS HOICH.

K

-

o]l

rH

Figure 4. synthesized Si-NPs(left) and synthesized Si—-NPs when Irradiate
the UV-lamp(365nm) (right)
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Figure 5. PL spectra of silicon
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figure 6. UV-Vis absorbance of Si—-NPs
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1+~ — Silicon nanopartide (S-H)

08 -

04

02

o

4000 3500 3000 2500 2000 1500 1000 500

Wavenunmbert (cm’)

Figure 7. FT-IR spectrum of Si-NPs
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3.1.2 size property of Silicon nano particles

acl2 UL-SXNE HSA2) BHEEX0 et A= ot 226t 0IFR0
XND /JD 1O 2710 et BHLEX SSS&0 S Dl
UM HR-TEMZH DLSE OIEotH 11 AJIY} HERIAINIE =
LE X2l AJ1= 1.9-2.1nm2 AJ|E It JUCH. Figure 8= &lel =k
O HR-TEM image2 &IALL 2 LXNSE EMotAIL B2 A II|JF 2nmete A
SH=CH, figure?s AlelE2 U2 XS DLS(Dynamic Light Scattering) ZcH
=2 1.9-2.1m2 Xt F=E 01F10 AL BAHECE.

i 2
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e
I
=
r
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figure 8. HR-TEM image of silicon nanoparticles
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figure 9. Dynamic light scattering data of silicon nano particles

3.1.3 work function of Silicon nano particles

o2 U= UE HZEAJI0E EHEMXN & 01s522 HEAIII A

gtdE AlglZ2 LI X2l HOMO level2 2D <ol ultraviolet photoelectron

spectraE OIEMCE. figure 102 2nm &l2l2 LI X2 HOMO level2 5.6eV
=

2

HE As BEWECH. 0|2 0I=0H PEDOT:PSS2F perovskitell HOMO levelZt Hlw

=xg A2
ot HINSZ2AM HEE AR & = UA =L, figurell2 0 AEHUMA AtS

ME=2 HOMO level = LIEFLHRULCE.
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figure 10. Itraviolet photoelectron spectra of Si NPs

PEDOT:

PSS
5.4eV 54 eV

silicon nano particle

5.6 eV

MAPDI3

figureli. and (b) HOMO energy levels of these Si NPs, PEDOT:PSS, MAPbI3 .
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3.2. Application

3.2.1 applicate to perovskite solar cell

AN 4 2el2 U=PXUE HINCZ HZEAINIE BHEHXN HE
O, A2 UgXNE HEAIIK @2 A 422 UHYXE Bl CHst
=2 F6 HLEXE HEGHAL. &elz U= 0.3mg/mle sE£E KR

£ 20171 20l 0IE 5,25,50,75H1 =

5ol BAEE OE SsSgao Bt 8N SEJO. 2 BHEEXe  J-V
A

=X
Ct. &cl2 U=t HEHX &2 BHEX0 dlol HE= XSS Jsc

et Voclt 25 A58t A2 SEOICH Figure 12= BN &2 DHEE 1
2l Table 12 2t J-V curvesOl LIEILI=E 2F factorES RAUGHH HAlo =2
28 2 £ QUC. semiconducting Mo BHE M 28 ZEMH=0 HEHSS 2X
ot OIMI=*Z=01 et Vocot Hets 2l &0 A8 U= XIH PEDOT:PSSSl &
S0 SECHA O PX AOIN S0ItD 450 HZEAIJNIEY MAsEE
ot A S Xt

E

P
S
Ja
0R
m
Pl
b2
Mo o

o2l OISt 28, 289 20l Met &
FCl HOMO levelol Z=Z0l 2t HZEAIIOIE
& O | AelE USRIt HEDRX %2 BHLAEX
ORJIRHCHD M2ECH 012 28 factor=2 &2 W22 QoA
Conversion Efficiency(PCE)2 &S&S OIRUCID SBAHACH. IHE 2
BHE A2 252 F6d delz2 HegXsE 9.8%%
diad A CHHl 38% &ASE &t0ICH Jsce= 16.5mA/cm2, Voc= 0.77V, the fill
factor= 0.82 JIFEIRUCEH.
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figure 12. J-V curves of hybrid perovskite solar cell at each concentration
of Si-NPs
. Si—-np Jsc Voc Fill PCE
device ) )
di lute (mAcm (v) factor (%)
reference none 0.72 141 0.70 7.12
1 5 0.73 15.1 0.76 8.4
2 25 0.77 16.5 0.77 9.77
3 50 0.75 15.5 0.77 8.95
4 75 0.72 16.4 0.74 8.84

Table 1. Jsc, Voc, Fill factor, PCE of hybrid perovskite solar at each

concentration of Si—-NPs
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4. Conclusion

scEY9A HRUA HSZJCH 2582 FHE Ael2

LIE2AF JHE =2 822 BJCH 1O &2 9.8%=2 7.12%2 HHeA Y|
16.5mA/cm2, Voc= 0.77V, the fill factor= 0.82 J|

SCQUCH. FHE A2 UeUXs HINZ ML dAE2 6t0 HEEAJI0IE H

&2 PCEE SIHAIZULH. 2| sEE22 HEAZ 422 UHegAet LYt
°f AJIJt JHNle EHZEX2 &setao A2 s A2 Ut S8 &
T2 sTOl et 8 a0l JIddls Ex0F Edllis RAE 2 = UMYTH
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