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Solar Energy

™, -
;

,:ST 1?’ Solar Energy Cycle
C Humans rely on the sun for warmth and food. K
BV
. Reflection 30%
C Various other methods to harness solar energy: 1 1173- 000 TW SR
\ Radiation

A Fossil Fuels : \ l 4

A Stored solar energy from ancient plant matter. \ Convection
A Biomass : \ <1% (370 TW)

v Tidal
Evaporation + Volcanic
Storage in L“ W
water/ice 23%

A Converts solar energy into usable fuel.
A Wind Energy :
A Generated from solar-heated air currents.
A Hydropower :
A Relies on solar-evaporated water returning as rain.

Y

\
| Conversion to \\
Heat 47%

\

\\J V ’: ;

l Storage in

plants <1%
(40TW)

EARTH

Fossil Fuels

Thermal, Nuclear

C Photovoltaics (PV)

A Direct conversion of sunlight to electricity
A Noise-free, pollution-free, durable




Properties of Light
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C Wave-Particle Duality:

A Light behaves as both a wave and a particle
(photon).

A Photon as a Wave Packet:
that can appear as:

A Localized: Acts like a particle.
A Non-localized: Acts like a wave.

A collection of waves

C Key Characteristics of Solar Energy:

A Spectral Content : Wavelengths of sunlight.
Radiant Power Density : Energy per unit area.
Incident Angle : Angle of sunlight on a surface.
Temporal Variation : Solar energy changes

throughout the day/year.
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High energy photon for blue light.

Lower energy photon for red light.

Low energy photon for infrared light. (should be invisible)



Spectral Irradiance

C Definition of Spectral Irradiance :

A Spectral irradiance gives the power density at a specific wavelength.

A Commonly used to characterize light sources.
A Units: W/m2/e m

A W/m2: Power density at a given wavelength.

A ¢ rmt Refers to the wavelength interval.

U Artificial Light Sources

A Spectral irradiance typically varies across
different wavelengths.

U Solar Spectral Irradiance

A The sun provides a continuous spectrum,
often used as a reference.
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Solar Radiation in Space A

C The Sun as a Blackbody:
1. T: ~6000 K.

il Radiation
intensity = Hy

2. The power density at the Sun's surface

Y4
Hod 4
C Solar Irradiance  H Planet D oance Mean Solar
_ _ _ o _ (x 10° m) Irradiance (W/m?)
Solar irradiance HOis the power density incident on an object
dueMt oVt heVSun sVMradiati on Mereury | o o1ea
.Y Venus 108 2611.0
”O ”O Earth 150 1366.1
’O Mars 227 588.6
Y is the radius of the Sun. Jupiter 778 50.5
Dis the distance from the Sun. Saturn | 1426 1504
C Constant Solar Irradiance for Photovoltaics: Uranus | 2868 3.12
For photovoltaic applications, the solar irradiance is considered Neptune = 4497 151

constant at 1.366 kW/m2 (the solar constant). Puto 5806 0.878



Standard Solar Spectrum

jati 5 i i The Air M AM)is th th
atmospneregasuesiivstand aerosors ¢ | [l OO feng i g taes
absorb the incident photons Specific “g i through the atmosphere
gasses, notably ozone (Os), carbon £ [ T I normalized to the shortest
dioxide (CGO,), andwater vapor (H,0), % possible path length (that is,
have very high absorptionof photons & ' [ /|ilf AL SRS = when the sun is directly
that have energiesclose to the bond = | N\ /7 overhead) The Air Mass
energief theseatmospherigases Easj ----- : | T e ;;& -------- quantifies the reduction in the

] e S power of light as it passes

While the absorptionby specificgasses o L o i A/ N \ through the atmosphere and
in the atmospherechangethe spectral ’ 2 melengthigmy - ** is absorbed by air and dust.
contentof the terrestrialsolarradiation, The Air MaS~S_!S cjefined as:
they havea relatively minor impacton N oL pfA |—-©
the overall power Instead,the major ‘ f%
factor reducing the power from solar ” Standard solar spectrum
radlathn IS the absqrptlon and as a reference
scatteringof light dueto air molecules e

anddust
AM1.5Gi{ $48.2)
One Surrradiance = 1000W/i




Solar Cell Working Principle

. . . Band Structu re Anti-bonding state
1.Light Absorptiem by a Semiconductor m
Semiconductor Fundamentals: 2p:¢\sp3 ' /
A Valence band (VB) : Highest occupied energy levels where : " Dangling bond

Bondi
electrons are bound. zs_H_/ coifiaion

www.globalsino.com/EM/

Valence
band
Bonding state

A Conduction band (CB) : Lowest unoccupied energy levels where
electrons are free to move.

A Band gap ( i ): The energy difference between Conduction Band

Energy (eV)

Minimum (CBM) and Valence Band Maximum (VBM) 1s—5ae e of — e
A Photons with energy larger than ‘O can excite electrons from - o o fititiy
valence band to conduction band 0.40
... Q® pg1m L AM 1.5G
OQw — >, 0.30 1 7
- ¢tda = L
For example: To absorb photons with wavelengths larger than 1000 nm, :% 020 12 . 1.4
the band gap of the semiconductor should be less than 1.24 eV i o101 -
- typical band gap range for light absorber materials of a solar cell 000 . : %
- e.g.Si: 1.1 eV; GaAs 1.42eV 050 100 ' 150 200 250

Band Gap / eV



Solar Cell Working Principle

2. Device Structure: A solar cell is a typical p-n junction diode

C p-n Junction Formation:

A p-type: High hole concentration.

oF3
”J.,_ , O O I _‘L_\

A n-type: High electron concentration.

A Diffusion Current : Charge carrier movement £,
due to concentration difference. Electrons
diffuse from n-type to p-type, and holes diffuse

from p-type to n-type |

A Drift Current : Charge Carrier movement due
to electric field

C Depletion Region:

‘0 ‘L“ 1071 .

f'l _______ = e I"'

['J\ N X
[ httusion * [\

A As electrons and holes diffuse, fixed charges are exposed (negative on the p-side, positive on

the n-side).
A This creates an electric field (E) that opposes further diffusion.

C Built -in Potential ( Vy,):

A The electric field leads to the formation of a built -in potential ( V,,;) across the junction.



Solar Cell Working Principle

3. |-V Curves : Total current in the illuminated solar cell is given by

the modified diode equation: [ (E ;j ]
C UnderDark ('O ) 00 0 AL Yp ©

A Forward Bias (p -typ e side +; n -type side -):

A Reduce Build-in Field (reduce depletion region width), Increase
Further Diffusion (holes move toward n-type side; electrons
move toward p-type side)

A "O 'O increase exponentially with the increase of V.
A Reverse Bias (p -type side -; n-type side +):
A Increase Build-in Field (increase depletion region width)
A "® "Ofor large reverse bias.
C Under Light( 'O m

A Photoexcited minority carriers reaching the depletion region are
swept across by the electric field (Drift current)

A Contributing to photocurrent O (holes move toward p-type side;
electrons move toward n-type side, opposite to O )

I A
|
-
————]
>
v ¥ |
——
Without illumination, a solar cell has the same
' electrical characteristics as a large diode.
I A
Light
[ 9
I ldiodel
o
v v |
9
When light shines on the cell, the IV curve
v shifts as the cell begins to generate power.




Solar Cell Working Principle

Current,

4. Key IV Characteristics: Power

Cell with Low Fill Factor

Isc
C Short-Circuit Current ( O)

A Current at short-circuit condition: ‘'O "Qw ) ‘O
C Open-Circuit Voltage ( w )

A Voltage at open-circuit condition: Ow  ® 1l

, € ?Q\i'Y 0
W n 0 P

C Fill Factor ( 'OD

A the ratio of the maximum power output (0 ) to the 00
product of ‘Qzand wy 4
C Power Conversion Efficiency ( PCE)

A The ratio of maximum power output and power input 0 6 'O

- Theoretical optimal bandgap 1.34 eV by Shockley-
Queisser limit, 33.7%

{Vmp, Imp)

FF=Imp=Ymp
Isc=\VoC
= area
area B

L) -
Yoo Voltage

Ow OC

~
L]

U

Standard Testing Condition (1 Su
AM1.5G at 25C

P.. = 1000 W/ni




Solar Cell Working Principle

4. Series Resistance @ y and Shunt Resistance ) seres resistance SIS

C Modified | -V equation Rs \
e QY Y

¢ Causes of Series Resistance (the smaller the better) § : ’

1. Bulk resistance of the active layer.

2. Resistance in the metal contacts (top and rear).

t density (mA/cm?), power (W/cm?)
= = » N ©

3. Contact resistance between the electrode and the active layer.

C Causes of Shunt Resistance (the bigger the better)

1. Leakage pathway, defects, impurity, pinholes, contact shorts

2. Low shunt resistance provides an alternative path for the light-
generated current, causing power loss.




Generations of Solar Cell

C 1st Generation: Crystalline Silicon (Si)
Efficiency: 15%rt1 26% Cost: High
A Mature, reliable technology. Dominates the market but
has higher manufacturing costs due to material usage.
100
C 2nd Generation: Thin-Film Technologies
Efficiency: 10%Tt1 20% Cost: Lower
A Uses less material, can be flexible. Lower efficiency
but cost-effective for largescale deployment.

USS$0.10/W US$0.20/W USS$0.50/W

Thermodynamic
limit

US$1.00/W

Single bandgap
limit

Efficiency (%)

C 3rd Generation: Emerging Technologies
Efficiency: 25%T 40%-+ (Lab)
Cost: Varies (Low to High)
A Includes perovskites, organic PV, and multijunction e
cells. Aims for high efficiency with potential for lower Cost (US$/m?)
costs, but some are still in development.

US$3.50/W




Roadmap of Solar Cell Efficiencies

Best Research-Cell Efficiencies i+NREL

52
IV Multijunction Cells Thin-Film Technologies Hybrid Tandems (2-terminal) '
48 - {2-terminal, monolithic) © CIGS (cencentrator) A PerovskitalSi L300 1% FHESE
LM = latice matched ® CiGS A Paroveiitelorganic : L 3 (&1, 6650) D, 47.6% A%
MM = matamorphic O CdTe O Perovskite/CIGS
IMM = nvertad, metamamphic o Amorphous SiH (stabilizad) | VIS
P
44— Y Two-, three-, and fourjunction (concentrater)  Emerging PV
¥ Thrae-junction or more (non-cancenlrator) O Dye-sensitized ceils
A Two-junclion {non-concentrator) O Parovekite colls (m—
—  Single-Junction GaAs ® Orgaric cells (mu—
40 A 9 A Organic landem calls P 39.5% A4
i, ® CZTSSe cells
A Concentralor -
¥ Thinfim crysial < Quantum dot celis
36 & © Perovskile tandem cells
Crystalline Si Cells
o— & Single crystal {concanlrator)
o | = Single crystal (non-concentrator)
S 3217 O wmulicrystatine
® Silicon haterostructures (HIT) :
3 V' Thin-film crystal fssen \ ———
c 281 2
Q0
=
24 eaich Caste
11 P
= A
O
O 20+
16




Advantages of Organic and Perovskite Solar Cells

P-1 represents the Tigperovskite module;

" P-2 represents theZznOperovskite module.
5 15
g
5
b1l

05 I

: i B

c-Si p-Si  Ribbon-Si  CdTe oPV P-1 P2
Energy EnvironSci., 2015, 8, 19531968
U Low-cost

U Solution processable
U Semi-transparent
U Flexible

U Colorful




Introduction to Organic Photovoltaics (OPVs)

Donor Acceptor
x QOrganic photovoltaic (OPV) cells use donor (D) and acceptor (A) S
materials, not p -n junctions like inorganic cells. ,\ f;\;
x Donor/Acceptor absorbs photons and generates excitons (electron-hole ® /n L7
pairs). Donor/Acceptor receives holes/electrons after exciton
dissociation.

) .. » Metals Polyacetylene
C Charge Carrier Conductivity: L T —
Delocalization of ~ Electrons: '

A Overlapping ~ orbitals lead to extended electron mobility.

A Charge carriers can move freely, enhancing conductivity.

HOMO and LUMO:
A HOMO: Highest Occupied Molecular Orbital.
A LUMO: Lowest Unoccupied Molecular Orbital.

msulators

Conductivity (S/cm)

C Energy Gap:
1. Band gap (HOMO-LUMO gap) is typically 1i 4 eV.
2. High absorption coefficient: ~10"5 cm @.

3. Allows visible light photons to excite electrons from HOMO to LUMO.



Working Mechanism of OPVs

C Photon Absorption

A Photons with energy > band gap create excitons (bound electron-hole pairs).

C Exciton Diffusion:

A Excitons in OPVs are strongly bound due to the low dielectric constant of
organic materials.

A Exciton binding energy: ~0.3 eV, much higher than in inorganic materials.

A Short diffusion length (~10 nm) is due to the localized nature of electrons in
organic molecules.

C Exciton Dissociation
A At the donor -acceptor interface , excitons split into free charges

A The LUMO offset of donor and acceptor must be larger than exciton binding
energy.

C Charge Transfer and Transport:
V If excitons are generated from donors
A Electrons transfer to acceptor domains and transport to cathode.
A Holes remain in donor domains and transport to anode.
V Vice versa

*
Eg, (ponon
Eg, (Accepton
HOMO
v
HOMO
Donor Acceptor




Bulk HeterojunctionsBasics

C Structure of Bulk Heterojunctions

A Comprised of a nanoscale mixture of donor and acceptor materials.

A Typically includes conjugated molecules as donors and fullerenes as acceptors.

C Nanoscale Domain Size

A Aims to significantly increase interface area for light absorption
and exciton dissociation.

A Enables short-lived excitons to reach the interface.

A Increased donor-acceptor interface area enhances exciton
dissociation.

C Advantages :

A Bulk heterojunctions outperform layered structures by allowing for
thicker layers for effective photon absorption.

A Simplifies processing compared to oriented layered structures
while maintaining similar performance levels.

C Challenges:

A Requires control over domain size to form a percolating network

BHJ Solar Cells

Donor
Active layer {

Acceptor

v ETL
Cathode

A Otherwise: Charges may become trapped in donor or acceptor-rich domains, leading to recombination.



Current Status of OSCs

C Advantages :
A Low-cost production : Organic materials can be processed using solution -based methods (e.g., printing),
making large-scale manufacturing inexpensive.
A Flexibility : Organic materials are flexible, enabling applications in flexible electronics and semi-transparent
devices (e.g., windows, walls).

A Lightweight : OSCs are significantly lighter than traditional silicon-based solar cells, ideal
for portable and autonomous sensors

C Challenges :
1. Lower efficiency : OSC efficiency is lower than traditional silicon
solar cells.

2. Stability issues : OSCs suffer from photochemical degradation
reducing their lifespan.

3. Mechanical strength : Organic materials are generally less
durable than inorganic counterparts.

Organic Photovoltaic
manufactured by the
company Solarmer.



Introduction to Perovskite Solar Cells (PSCs)

§1 RDRUWYNWaqS6 WU aWWYnWbAIDI Y21 t Rallmw

Lev Alekseyevichvon Perovski CaTiO; Perovskite Mineral Perovskite Crystal Structure

(1792-1856)
Russian Mineralogist



Structure and property of perovskite halide

a o——X-=CI-, Br-, I Ideal optoelectronic properties for PV
© & (————

Q@ Q@ e Adjustable bandgap(1.2-2.3 eV)
9@ 99
. @ N\ Be=pp2+, Sre*
O

High Absorption Coefficient (10*-10° cmy)

Cheap raw materials

High defect tolerance

V
V
V
V Long exciton diffusion length (~1e nj
V
V

Organic-inorganic Inorganic |V Solution processibility )
perovskite perovskite
A*=CH,NHs"(MA*),  A*=Cs', Rb* SHENEYEE
HC(NH ,),*(FA*) e :
ABX " ¢ 'V PDb Toxicity |
| |
g SUUCUre 'V Stability |



Bandgap of Perovskite Halide

Precursor design
a b
300+
DD HOD. DA%, Tla)A o
l l f [ [\’\ + . O
4| eXe Xe @ @ ©Ox 0 X0 GA
100 "I'“ "'l"‘ —‘_",—- —\’\I\ . FAPbl3 250 (292) (278) DMA* gap tUnlng
% | [5) I | [6) | YoV . ] (273) |
S > s
3] | Cubic Tetragonal Orthorhombic £ o
£ 9%T| =10 09<t<08  t<08 S & Y o
g 3 - @7 O @20 B o
g @ MAPDI o Dimensional contro cs O ok
s %7 ’ 2 150- (188) Rpr ) (181)
.g é (172) (164)
‘g Tolerance factor (t) bie]
£ 0857 @cshl, | ny —
Va(r,+r,)
080 - : : : | | o : Structural stability
160 180 200 220 240 260 Kol X-sit
Effective cation size (nm) Sike site
fyl o o ™ o fyl o] o« o ™ el Evac
— — — — — — f- f— — — —
[aa] [an)] e C o
- 2 2 28 8 2 2 2 3 5 & &
2 4 & 3 5 2 9 F 8§ £ &
24 g £ £ & & & & & =
3 - 3.36 A7
3.83 377 398 377 S°A/ 360 . 4 -
4 47 4.38
0
"'l.n-J o ™ 2
64 | @ © 69 539 5. 34
7 6.44 623 6.53
6.85 692 694 6.80
8- 733

E (eV)



Device Structure of PSCs

a n-i-p structure p-i-n structure
Cu/Al/Ag

Electrode

Hole transport layer

“ Photoactive layer

Electron transport layer

© A MA*, FA*, Cs* Transparent conductive oxide

® B Pb%, Sn*
e X Cl, I, Br Substrate

Perovskite

Perovskite Perovskite

Energy levels (eV)

TCO
TCO




Content

Part 1. General intro, Status and Challenges

Part 2: How can Neutronsfays help?
¢ Research Examples



Microstructures in Organic and Perovskite Solar Cells b

Organic Photovoltaics (OPVs)
ABX

¢
(
. ¢
NNS)

B=PL?*, Sre*

A=CH;NH5*(MA),
CHNH,NH,* (FA), C¢
X=[, BrorClI

Cathode

Tolerance f o ———
olerance factorO NI

~100 nm

Pipi % ‘
stacking { ic{
Lamellaraw |
stacking

Edgeon  Face on a —

* -phase " -phase . -phase . -phase * -phase

orthorhombic orthorhombic tetragonal cubic hexagonal

Energy Environ. Sci., 2024, 17, 8893; Nat. Commun., 2024, 15, 2784; Adv. Energy Mater ,
2024, 2303785 ; Adv. Funct. Mater ., 2023, 2303307; Nat. Commun. , 2021, 12, 6226;
Adv. Mater. , 2018, 1802888; Chem. Mater , 2016, 28, 6186; Nat. Commun., 2012, 3, 795

Adv. Sci., 2024, 2309668; ACS Nano, 2023, 17, 20634 ACS Energy Lett., 2023, 8, 3188;
ACS Energy Lett., 2022, 3251; Adv. Mater. , 2021, 2105290; Adv. Mater. , 2020, 2004630;
Adv. Mater. , 2019, 1901284; Adv. Energy Mater , 2018, 1703399

Understanding the relationship between Structure -Performance!



Our Approach: Grazindncidence Xxray and Neutron Scattering

Grazing-incidence o
A normal direction of the crystal

planes (structure order)

Ewald sphere e o ) °

EWALD SPHERE

" T O | T—C') E_Cg‘_ Detector A g components in the sample reference
o | ooP:y —(OET OET)
1. Peak position gives interplanar distance Q: out-of-plane (OOP) L
. Thin Film 1 P:n - —(AT1OAT-0 ATIQ

e e B , C Qv in-plane (IP) «
O B+ . - _ N
° - =0 Nl Sample '%n , Qx in-plane (IP) A (ATIOOE]
LI 0L I =

r'l/r'lr'l



http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=3VxL7vYXjWPsxM&tbnid=AtFLYnowEOgiaM:&ved=0CAUQjRw&url=http://www.abhipod.bravehost.com/researchpage/UGCMRP_05_06_ForWeb/elearningnode14.html&ei=a_MOU_zwHYL-iAfV9IHICw&psig=AFQjCNGQwwjmf_nqC2AVM79fjaPAz92wAQ&ust=1393574860218654

Grazing Incidence WidéAngleand SmallAngle Scattering

To adjust the probing length  scale, we adjust the collecting scattering angle
by changing the sample- to - detector distance (STD)

T, ¢— .. ¢F GIWAXS sensitive to
—OE= Q — . . .
n _ C Inl orientation and lattice
e.qg. 0 pTO Q& 10 ol | spacing, probing angstrom
0 TATQ & oV eciproca scale features
— pJI N TRV STD several tens of cm
GISAXS/GSANSsensitive to e Nrange :0.2to 2v

d GIWAXS EEERITRE]1ge il TRy
Area

Detector

nanoscale structure
ordering, such as
grain/domain size

STD severalm
range : ©.002to0 0.2v
| Il ¢ Udstd 300nm

X-ray

dx



GIWAXS Pattern Indexing to Study Crystal Structure

Principle: the same as Diffraction Case 1: Polycrystalline with no Orientational Order
Direct Lattice Reciprocal Lattice
(111)(002)
a ax
(002)
* *
c FCC b ¢ BCC Case 2: Polycrystalline with Vertical Orientational Order
Plane (kl) in direct space “ Point (hkl) in reciprocal space
400®
! 311
N B
2008 o 022
220/202
®
BEE\ RS
. L
020/

002



GIWAXS to Study Crystal Structure of Perovskite L

ABX,

B=PI*, Sr?* , Orientational Order

A=CH;NHz* (MA) , a
CHNH,NH,* (FA), C¢ b

X=l, Br or CI .
| phase T pseudo cubic

: (200)11 ; (200)"
(1), i ‘ "(111),

"(110), b, “(110),

. -(100)
(001)

(']
PbI2 ™\

'(I'OQ)d

T e

0.5

1 1.5
qr(A_l)

Qin, Lu* et al, Adv. Energy Mater. 2018, 8, 1703399

S —————————




1

Y6 250°C

00
: ; Biaxial backbone order
0
100/
0 100 201 O.éOO 1 o o0 - | _
Al &—o O sk /b7 Cc AU -MYBII]
qr ( ) 0.140 A4 ¢*
L 1), @] —

0.140 At 4B A Xiao, Lu* et aDMCA 2021, 9, 17030



backbone

0 0.5 ! 1.5 2 g ,Ia,m ellar o \bﬁm_cfg—f—f”‘z_dzbﬁc C
a-(A7™") - T :
(010)« " c: backbone (100) b
lamellar
core-group’ - stacking end-group’ - t q¢ Ht RUNDWS WH¢ #t AYU WY

Lu et al Chem. Mater2015, 27(1), 60 Mai, Lu* et al., Adv. Mate2018,1802888



GIWAS to Study SemCrystalline Packing of OPV Molecules

— 100
2
180
15
- 60
< 1
— 40
0.5 20
0 a - 0
-1 05 0 05 1 1.5 2
-1
q (A7)
50 .
o in-plane
45 fitting
404 ——Peak10.30A*ccL=70.2A
335 Peak 20.40 A* CCL = 47.7 A
830 N

{— in-plane
—— out-of-plane

(&)
o
1

Intensity (a.u.)

1.0 15 2.0

q (A

Intensity (a.u.)

out-of-plane

peak!CCL=117.78
peak!CEL=122.2A

Typicaldata analysis steps:

1. Performin-plane and out-of-plane
linecuts

2. Fitpeakswith gaussian

3. Peak position determines lattice
constants and stacking types

4. Peak width (FWHM) determines
crystal correlation length (CCL) by
Scherrerequation

c

Ow Ov

5. g vector direction determines
stacking direction



one-step method

Annealing window

https://en.wikipedia.org/wi
ki/SOLEIL

TR s

remote 1.08- v B
CB dropping I A . .
X-ray B lomot mie | 3 s by #
\ 4E:Zl %ﬁ R %
'a'z's ' 1 'l 1
0.8
ape cefte S cages
N, outlet N, inlet Eo0.7 # ==
Advantage : High Brilliance ; Measurement Time: <1 s I
0s 15s 30s  100s 0s 15s 30s  100s
5 U \
{ 1
: I
1 [l Stage I iStag Stage 111 Stage 11 n a ——FAPbI, :
! - —+—FAPbBr, 1
1 350 1
: I
: I
! 300 i
: I
: 5 I
! 250 2 : z ’ y I
: < H 4H 6H 3C :
: 2002 w/o Cs* :
: - w/ Cs* :
| '\b’ 'Y =1 a —9— Cs-doped FAPbI, I
i @ MAKA 9 d ) - & = 101 !
i " or  H \} mppmg‘ LR £, i
: - o I/Br \f I &8 s :
! “ DMF N <i-104 I
I ¥ .
I . 0 .:. DMSO ‘\} W | 204 i
: Frames (3 s'/f::me) 80' 10: 21 an o 3C :
' e o Qin, Lu* et al, Adv. Mater. 20131,1901284 ]



GISAS to Study the hlane Nanomorphology of OPVs

q, (A"

i “diffuse scattering Horizontal linecut at Yoneda Peaki{ —O F;(—T—)): gives inplane structure order
Ll II To fit the curvellist possible scattering contributions to total scattering intensity:
- Yoneda Peak ( ———————————————————————————————————————— \
0.015 .
, 1.Amorphous intermixing domains - Correlation length of amorphous !
! Ty 0 intermixed domains by the !
Bl 005 0.1 0.15 I @1) [ ' ] I
P V. L S PHH! e UBrlniberge(Das) model
s T TS TSI T TSI TSI T T T TSI T T T T T TS \
[ 2.Aggregated purephase domains ‘©) 0 (L n)yn |
5Ny _ . . |
: x (0(nR)) is averaged form factor, describing the size and shape of the building block. l
: "Yn) is the structure factor, describing the interparticle correlation. I
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GISANS and Selective Deuteration
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GISAXS+GISANS: Mihicale Crystalline and Amorphous Morphology

U The impacts of processing methods, solvents, and U Correspondindilm morphology
additives on thedensity of deep trapg\,,) and
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GTSAXS to Study Owutf-Plane Nanomorphology

GTSAXS Grazing incidence Transmission SmalAngle Xray Scattering
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Comparison of GISAXS and GTSAXS
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