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Phelos

angular luminescence spectrometer
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Phelos inside

Positioning camera

Emission
. ,

0.0004

0.0003

Na
LUxip,

0.0002

Fiber to spectrometer

[W*m-2*nm-1#*sr-1]

0.0001

0.0000

EleCtrical (SMU) Angular: Spectral: 450 500 as;)vemgfﬁ?nm] 650 700 750
* range: 380-880/1100nm — - s sod —— sndeg
Resolution: <1° * resolution: 1.2/2.4 nm 10 deg — 50deg — 70 deg
Range: +/- 85°
Rotation: inclination angle

* \V\oltage: +/-20V

e Current: +/-120 mA

e Resolution: <1nA

* Source current or voltage
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User-friendly software

1) Mark measurement spot

3, ~ phelos_control_guivi

Phelos Control

Mechanical  Electrical

Stage Position

@ tunter | ([ 000 || [Tummon i |

sepsize [B] 10|

(> coto B oo]| (. e )

Stage Calibration

[ Save position as 0°

Status

@ o«

Polarizer

[>Goto $(907) 0.0° [>GetoR @) |
[> Goto =l 00° B s |

Polarizer Calibration
Caliorate

Status

®o
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Hardhware imitialized

Live camera

Camera

Tum On/0ff (L D)

Alignent Light

Tum on/off (D

2) Place your sample %

3) Choose the measurement type

s T re-defined measurements
Device type Measurement type p
Light Emitting - Current-Voltage- Spectrum i )
evice — Luminance Charact. The Spectral Iradiance of an OLED is measured at a specified working £ Add
Photovoltaic Transient point. b .
Device = Hlectroluminescence |
’[;'“'"_Owhr il \[;lll;t?g&!;;ke! J.\ Angular EL Spectrum _
evice P
The EL spectrum is measured at varied angle and for p- and s-polarization. 5 Add
CELIV I~ \
IS"'P;""“(E N Angular PL Spectrum
pectroscopy —
- By the UV excitation head, the PL spectrum of the emitter is ¥ Add
Capacitance-Voltage LA rmeasured at varied angle and for p- and s-polarization. .
Characteristics. =
MELS AY Spectrum Voltage Sweep
Spectram The EL Spectrum is measured at varied voltage. | Add
? Ex’s;?;g:f" UL | Spectrum Current Sweep
Corrent Pulse _IL\ The EL Spectrum is measured at varied current. [ & Add ]

]
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3.0 1
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2.01

Spectral Intensity (W/nm/SR)

0.51

550 600
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. * FLUXIM
Why using a lens?

Light extraction: bare sample with macro extractor lens

emitting film

SUbStratE\W W index matching liquid
/ \ half-cylindrical lens

—> total internal reflection at ~ 42° — Outcoupling of substrate modes

16 September, 2020




]

* FLUXIM
Phelos modes
1) (O)LED 2) Emitter film 3) QD/scattering film
(Electroluminescence) (Photoluminescence)
|
N N

16 September, 2020



Phelos modes

1) (O)LED 2)

(Electroluminescence)

Emitter film
(Photoluminescence)

* Analysis of color .
» Efficiency (EQE, Im/W,
power eff.)
* Emission zone fit
* Emitter orientation

16 September, 2020

Emitter orientation

3)

]

* FLUXIM

QD/scattering film

R

Scattering/down-conversion
film characterization

OLED with QD
characterization
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Measuring BE and TE OLEDS

BE sample TE sample

probes probes

360° rotation \_I/‘ \:r/‘
, ) |
is possible emission angle

|

emission angle: |
|

| |

| |

| I

v |
|
|

v
Spectrometer

Spectrometer
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OLED example

W
n
L

w
=]
.

Directly processed data:

» Spectral Irradiance/Intensity
* Radiance/Radiant Intensity
* Luminous Intensity

N N
=] wn
L L

Spectral Intensity (W/nm/SR)
=
w
|

1.0 A
H H 0.018
* Work t
orking poin
0.5
° . 0.016 4
Efficacy (cd/A)
. 0.014 4
b CI E d t Wi | th
COOr lna eS avelength (nm)
_ 00124
o
e Color tem t CRI
olor temperature, £
2 o010
g
° 5
T 0.0081 0-251
£
0(;’: 0.006 1
.85 0.20
0.8
0.75 0.004 4 —@— Sample 2: Polarization = 0 rad
0.7 —8— Sample 2: Polarization=90.0 ° g
0.65 0.002 4 —8— Samplel: Polarizaﬁnn =o0rad E 015
(X —8— Sample 1: Polarization=90.0 ° E«
055 |4 T T T T T T T @
’ -80 -60 -40 =20 o] 20 40 60 80 S
g &= 3 | Sweep2: Angle(*) 5
g B T 0.10+
2 04 g
5 3
Y 035 3
03
025 0.05
02
0.15
01 !
5 0.00 1
T
o =75 =50 =25 0 25 50 75
e y ) Sweep2: Angle(®)
-0.375 -0.2 0.2 04 0.6 0.8 1.0:
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OLED efficiency post-processing * FLUXIM

% [ unsaved ] - Fluxim €5 4.2.dev
File Advanced Paios Phelos Litos Modules Help

_ Photon Flux
"~ Electron Flux

a Device Definition Q Measurement Procedure 7% Acquire and Manage Data .gﬂ Sweeps and Fitting

EQE

| 1 1 | | 1
20 -0 0 10 20 30
Angle (%)

[] Duplicate

Groups and Devices & [ Measurement Data f Easic Postprocessing || Edit Device Parameters
= Group 1
=28 6 2 . .
N .mg?:nme 2 =0 B“g&;;&"“;" boint ~| Here you can extract device and material parameters P ff . P hOton P ower
* . . —_
P VoqurF’IR,]gppom from the different experiments that were performed. ower e lClenCy V I
 Single Diode Mode! °
* Equivalent Circuit .
Please select a single de'
: %;Tmu;rns—‘:(r::;:alrg:pedance Test processing ruutim?. Photon Density |, ° » L . F l
=R Interpolated Photon Density  |~™. . . . uminous ux
3 from mpedance = Luminous efficiency =
# from Voltage Pulse Photon Density * SiI"I(E] N u y
® from dark-CELIV ty V * I
B Mability
® from CELIV BE+16-
» from EL-turn on
& Mott-Gurney (IV) 5.5E+16-
= 3 Recombination / Lifetime
» from OTRACE CELIV SE+16-]
# from OTRACE Charge Extraction
o from IMVS 4.5E+16-
= 5 Doping Density
& from dark-CELIV _
® Mott-Schottky g 4E+16
=3 Charge Collection
® from IMPS E 35E+16-
= PLEL =
& from TEL-Decay i 3E+16-
= £ OLED Efficiency E
# EOQE from Angular Spect. o 25E+16-
# Lumincus Eff. from Angular Spect. E'E
® Power Eff. frem Angular Spect. B 2E+16-
E
2 1.5E+16-
i
Ad y 1E+16-
[+ NewGloup][+Newake]B SE+15-]
% Measure Device . G_I

-30 -70
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Phelos modes

1) (O)LED 2)

(Electroluminescence)

Emitter film
(Photoluminescence)

* Analysis of color .
» Efficiency (EQE, Im/W,
power eff.)
* Emission zone fit
* Emitter orientation

16 September, 2020

Emitter orientation

3)

]

* FLUXIM

QD/scattering film

R

Scattering/down-conversion
film characterization

OLED with QD
characterization




L ® FLUXIM
Excitation sources

List of excitation sources

e 275nm* 1.0 1
* 310 nm* “ ” q P ﬂ h
* 340 nm _ 081
* 365nm £
* 385nm 2 06
* 405 nm %
* others upon request 3 04
=
0.2 1
0.0
250 300 350 400 450 500

Wavelength (nm)

16 September, 2020 *requires quartz glass encapsulation




Phelos modes

1) OLED

(Electroluminescence)

Emitter film
(Photoluminescence)

* Analysis of color

» Efficiency (EQE, Im/W,

power eff.)

 Emission zone fit*
* Emitter orientation®

16 September, 2020

Emitter orientation®

*quantitative
analysis requires
optical simulations

setfos

]

* FLUXIM

QD/scattering film

R

Scattering/down-conversion
film characterization

OLED with QD
characterization




Emitter dipole orientation FEUXIM

Outcoupling efficiency is strongly influenced by
the average emitter orientation

I
TANY ATA Y4

0.7

e
=]

e
wn

=
S

o
w

Relative average contributions

0.2
EQE =V *Nst * Qefr * Nout 01
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Horizontal alignment leads to h|gher EQE! Emitter Orientation (0/1=horizontal/vertical)
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Emitter dipole orientation FEUXIM

vertical horizontal horizontal
) i dipole
dipole detector dipole, x b pole. y I b
p po ppol = R > )
. . min. intensity ... s 20 i . ' -
. t Ty e, i T T T T T T T T
. imensty max. s mir & —— Horizontal (©=1.0)
max. s intensity inte 2 - - - Fitting (©=0. 74)
intensity w 18F 402002020 | meww Isotropic (©0=0. 67) -
v intonsi 5 -~ Vertical (0=0)
min. intensity’. max. |n ens! y = © Measurement
o HEA- o -
v N o0sf
v ]
e > g
p S p r p a o'o . 1 1 1 1 1 1
s i: R = = 0 10 20 30 40 50 60 70 80 90
detector % detector _.GC_J Angle (degree)
et c =
E . s o
. . Kwon-Hyeon Kim and Jang-Joo Kim, 90°
0° 6 90° 0 6 20 Adv. Mater. 2018, 1705600 6
\ J

Y

-> p-polarized emission is sensitive to emitter orientation




Angular PL signal: a fingerprint of the dipole orientati

z=0.0

horizontal

z = 0.33

isotropic

z=0.5

more vertical

Intensity (W/sr} Intensity (W/sr}

Intensity (W/sr)

10

10

10

10 nm
thin

s-pol

p-pol

=5 0 50
Emission Angle (deg)

=50 0 50
Emission Angle (deg)

—50 0 50
Emission Angle (deg)

Intensity (W/sr) Intensity (W/sr)

Intensity (W/sr)

10

10

10

50 nm

=50 0 50
Emission Angle (deg)

=50 0 50
Emission Angle (deg)

=50 0 50
Emission Angle (deg)

Intensity (W/sr} Intensity (W/sr}

Intensity (W/sr)

100 nm
thick

10

s-pol

p-pol

Il
=50 0 50

Emission Angle (deqg)

10

=50 0 50
Emission Angle (deqg)

10

=50 0 50
Emission Angle (deg)

R
®* FLUXIM
on




° FLUXIM
Angular PL signal: a fingerprint of the dipole orientation

Real emitter film: Superposition of statistically distributed dipoles
> > >
£ P = P £ S
kS s < . < 0
0° 90° ©0° 90° O0° 0 90°

+ Further effects:
* back-reflection from org-air interface
* interference / cavity effects
 refraction / birefringence

—> accurate description requires full optical modeling




Emitter orientation in host-guest system: example

pure emitter film

- - f
"’--‘

* horizontal alignment shown
using VASE (variable angle
spectroscopic ellipsometry)

e order parameter estimated from
optical constants / birefringence

emitter (9%) : host

O a® .-..
00 a%0"0

» ellipsometry results reflect optical
properties of emitter-host blend

- no information about emitter dipole
orientation inside host matrix

e angular PL probes emitter
orientation directly, independent of
host matrix

* FLUXIM




Emitter orientation in host-guest system: example THUXM

pure emitter film emitter (9%) : host

- -»fa @ ™R N
o™ e w .‘....I ..Q

Angular PL, spectral:

7

7
419 . . 4200 .
0°s 0°s
— —0°p ——0°p
20°s 35 20°s
— — 20°p — = 20°p
——40°s 3 ——40°s
— - 40°p — — 40°p
5 60°s 5 o5l 60°s
sl — —60’p 5 < — — 60°p
@ @
Q Q
7] 2] 2t
ke k]
@ o]
N N
= T15F
£ £
9] 5]
c S
05F
0
400 450 500 550 600 650 700 750 800 850 400 450 500 550 600 650 700 750 800 850

wavelength (nm) wavelength (nm)




Emitter orientation in host-guest system: example THUXM

pure emitter film emitter (9%) : host

- -»f Pu® 0B N
’\” e N .‘.‘." ..'

Angular PL, integrated:

6 T T T T T T T 6

4]
o—_ 5

B
e
C-e

n

—_
T

normalized PL intensity
w
e
normalized PL intensity

o
Eﬁo
o
A

-80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80
angle (deg) angle (deg)




Emitter orientation in host-guest system: example THUXIM

pure emitter film emitter (9%) : host
> o wfa TN S X PR

Dipole orientation from model fit

parameters:
» optical constants / birefringence — ellipsometry or fitting parameter
of emitter layer and substrate
 film thickness AFM, crystal-monitor, ellipsometry, fitting parameter
* emitter intensity scalar fitting parameter
* emitter orientation fitting parameter of interest

* emission zone e.g. exponential decay (UV absorption)




Emitter orientation in host-guest system: example

® .
®* FLUXIM

pure emitter film emitter (9%) : host

| ..\O’ - §

65 [
6.0 ] o o :
s-pOI : i : i : : :

£
a0 N
@

]

Y50

Ta0
&
25
20 b Y
0] — st —
H : : H H : 4 \ H

05

~ p-pol p-pol

0.0

80 70 60 50 40 30 20 0 O 10 20 30 40 50 60 70 80

80 70 0 50 40 300 20 -0 0 0 20 30 40 50 60 70 80

Angle [deg] Angle [deg]

‘—Simulation_s = Simulation_p ¥ Measurement_p & Measurement_s‘

— Simulation_s — Simulation_p ¥ Measurement_p A Measurement_s

nominal thickness 53 nm 56 nm
(ellipsometry)

thickness angular PL 53 nm 58 nm

dipole orientation (% vertical) 19.4 % 18.6 %



Emitter distribution FLUXIM

o Stacked average contributions * The emitter distribution influences the
W= | OC outcoupling efficiency
mm | SG . .. .
BT * Analyzing the emission zone is necessary to
0.8 LAL ] understand degradation
| GM
LEC 1.05
e —=— 5CzBN - 1.4

Relative average contributions []

D'%.U 0.2 0.4 0.6 0.8 1.0
Polymer.Em.1.DipolePosition [] 0 50 100

150 200 250

16 September, 2020




Emitter position determination

® .
®* FLUXIM

vertical horizontal horizontal
' ' dipol
dipole detector dipole, x pole, y
) s pol [
p pol opol @ . > o
. . min. intensity max. intensity---...,
max. intensity---.... A
max. S
max. S . .
. . intensity
intensity
. o s max. intensity max. intensity
min. |r)'rensny':2
— 0 y
@ P
P s N s oy
s Fa R = G
detector < detector S detector o
£ E =
. s
° ° 0° 90° 0° 90°
0] 0 90 0
\ Y !

-> determination of emitter distribution




Emitter distribution FLUXIM

« Compare experimental and simulated spectral Structure, nk data, s- (and p-)pol EL
emission automatically -> emission zone fitting? emitter spectrum emission spectra

* Use angle dependent data to increase the sensitivity?!

Ag
Algs

Cy3-P Emission zone

PEDOT:PSS

ITo //
Glass //

Glass hemisphere

a Pedot Cy3-P Algy/Ag emitter spectrum

L

16 September, 20201B, Perucco et al., Optics Express 2010, 18 (S2), A246

Intensity

Spectrometer




Emitter distribution FLUXIM

Layer structure haee f\
P — 0 // \ TL.med OLED does not. show
;@ 5 0200 different spectral emission for
ETL 40 | % 0175 Il \\ / \ different emitter positions
é ! \\ // \\ Detuned OLEDs are more
P 0.100 suitable for emission zone
S 0075 \\ 'A determination

0 50 100 150 0 250
HTL.d [nm]

Pl . ' —
Emitter at 0.1 f\ Emitter at 0.8 i\\ Emitter at 0.1
A

| Emitter at 0.8

A\ / \ /’
\ Ql ' \\ l / \ -..'"'\
\ \ “\ / \
A,
400 450 S00 550 600 650 700 750 800 400 450 500 550 600 650 7J00 750 800 400 450 500 550 600 650 700 750 800 400 450 500 550 600 650 70O 750 800 -

Wavelength [nm] Wavelength [nm] Wavelength [nm] \.-Eveleh [nm]

g ‘?/
16 September, 2020




. L ° FLUXIM
Emission zone determination: example 1

emitter layer

* Compare experimental and simulated spectral

emission g
* Use peak ratio to determine position -> 0.67 0 bosition 1
Emission s
0.16 4 ] 16 — - - . . .
experiment simulation

= 014 1.4+ _
=}
0121 =12t -
S 5
‘m  0.10 A * 10F i
o p
E o008 £ 0.8 ]
° N
N 0.06 £ 06 1
5 =
S 0.04 0.4} ]
>
" 0.02 0.2k ]

0.00 T T T T T T T T 0.0 = 1 I e i

560 580 600 620 640 660 680 700 720 950 600 650 700 750 800 850
Wavelength (nm) Wavelength [nm]
e () 0.3 === 0.5 == 0.7 = 0.9
e 0.1 0.4 0.6 == 0.8 =——1

B. Perucco et al., Optics Express 2010, 18 (S2), A246
S. Jenatsch et al., ACS Photonics, 2018, 5 (4), 1591-1598




. L * FLUXIM
Emission zone determination: example 1

— experiment
==+ simulation

*position of —¥|
*delta emitter

i - '

S

L

-~ ﬂttt—?d _

Hﬁ emission
] c zone

@

-t

£

Use full angle dependence
- to determine the emitter
distribution inside EML

s-polarized Emission

I 1 1

(red line) 0 20 40 60
Position (nm)

T T T T T T
575 600 625 650 675 700 725
Wavelength (nm)

16 September, 2020 S. Jenatsch et al., ACS Photonics, 2018, 5 (4), 1591-1598



Charge carrier

. L ° FLUXIM
Emission zone determination: example 2

a)
; 1 ] 1 ; Ml - d b) T W 1 i U b4
—_—22 PL #s S 10k = Measured |
26 = i 5 — Simulated _ —~ [ = Simulated |
) S wwmo [ —~| spectrum, - I =0.5mA 3 30°
8 = ' S T 08} -
(] - S
< TctA g ST 70 _ > 0.1 mA
21 ©™ Z ngphen > i - Bias dependent ? 06
e = (52nmor 2 (5500 g e PV VPP, .. Q 8
8 4 52 % 120nm) g o) ‘4‘0“)‘ ’ L ) emlsslon zone E 04
] 7] = I e A e s S ST > SAL
g 56 - = M g i
il § 59 _HOMO | W © 0.2
-6.2 o Z
g 35nm 10 & 3 ~
il é > os? B i i 0.0 kan? ! . ! A mA
=1 HTL EML ETL 450 500 550 600 650 450 500 550 600  65C
Wavelength (nm) Wavelength (nm)
% | Ll 1 1 1 1
T 10°) 1 ° 0z L 4 HTL } EML TETL
g E 1.6 |-Detuned ™ ‘c 50} e, ; A
E 107 | 7 4 =k OLED o //'\. o ", 4MA/15.1V ,
: © * ,
2 5 g N < 14T go2f © i R g
-8 1016 . ~ - at057p3 - 0 1 1 1 A 1 A 1
=l =" S ~ , . = ]
e e e Bl £12 Sooldr— Split emission zone ' sp kK osmA/tLivi -
= < = i S o
w Vv, "' '
210 Voltage (V) shows TEL overshoot & e i
E 8 0 1 L i wl " :l
£ 038 & gl 0.1mA/87V 4 i
(= 2 .
Zoel—8Y o s -
—9V =11V q - :
=10V =12V Vygy=-10V Wl et L)
17 i R v el s e G B 0 40 650 60 70 80 90
0 1 2 3 4

Time (us) Position (nm) |

16 September, 2020 M. Regnat et al., ACS Appl. Mater. Interfaces, 2018, 10 (37), 31552-31559

e



. L * FLUXIM
Emission zone determination: example 2

(a) 105 (b)18 T T T T T T 6)
L1l R Measured (step-wise) JV ; | @O’
= Measured (pulsed) JV 110° & Oy “cq
< 10' Simulated JV £ Her N oo, o
) 4 Measured L 10° ~ § (5) ‘\(/,f)/.
< o Simulated L s £ O %,
£ 10 S =14l O 1 & gz 10
=4 1108 g B S ’
B 3 e 9 & ! N €
510-1 213 ] 10’ % ::L':) | o 109 ,E
2. 3 = I | E B
~ g 26 1= g B : s b
g 10 @ | TCTA — -2.8 EX) 1 100 4 & . * Measured < o8 8
s O NBPhen| < 5 : -— Simulated | T &
O 150 —1 56 | -5.7 S Q10F 2 | | < 2
10 == &4 110" S | 5 lo7 %
0 doped wﬂh 5wt°o Ir(ppy) (acac) 4 i i i E §
10—4 PR [P | [ S N | ad 10-2 0.8 L= 1 [ P N | PR PN LI - 5
0O 1 2 8 4 5 6 7 8 9 10 11 12 4 5 6 7 8 9 10 11 12 ,g {08 g
Voltage (V) Voltage (V) N |
f L ] i L i i i 0.5
40 45 50 55 60 65 70 75 80 85 90

Position {nm)

* Reduced outcoupling due to shift of the emission zone results in CE reduction
* Increased TTA contributes to the CE decrease
* Reduced TPQ due to emission zone shifts explains the CE rise

16 September, 2020 M. Regnat et al., Organic Electronics, 2018, 70, 219-226




Phelos modes

1) OLED 2)

(Electroluminescence)

Emitter film
(Photoluminescence)

* Analysis of color .
» Efficiency (EQE, Im/W,
power eff.)
* Emission zone fit
* Emitter orientation

16 September, 2020

Emitter orientation

3)

]

* FLUXIM

QD/scattering film

R

Scattering/down-conversion
film characterization

OLED with QD
characterization




Angular Characterization of QD films FLUXIM

blue TE OLED blue OLED + QD film

Spectral Intensity (W/nm/sr)

green QD conversion film green+red QD conversion
blue OLED from Avantama, Switzerland film from Samsung QD TV
T T T 107 ¢ ' ' ' ' I I °
10-% k = 80 = -5 I 3 e 80
il . % 1075 \ €& avantama”; 1
= F : 70 e -20
60 £ g™
10—7 L -§ g lU—T n 60 E -30
] 50 = =
] > 50
v ] i e = e g‘ o7 -40 e
10~8 3 3 5 10-8 F 40 g
: 3 30 = 0 = 50
-9 _ i | 20 ™ i § " —60
10 E 10-2 3 20 v 10
: e 1 10 g g
10-10 ' ' i 0 Tl . .
450 500 550 10 450 500
Wavelength (nm) Wavelength (nm)




Green emitting perovskite down conversion film

blue OLED
T 10F o 80
E | 7° 1073
3 10_7;_ 60
2z 3 50 —
§ 10-8 _ 40 rél
g g 30 ~ _4
5 g 10
g 107 F 20 c
& i 10 %“'
10_10 Il 1 ~ 0 —
450 500 550 Py
Wavelength (nm) e 10—5
c
QD film .©
' kS
© 80 - ; QD emission
£ 70 — - |
E < 10
Ei 60 gg
z 20 o
< 40
% 30 :I-C)—;’Y 1 1 |
5 20 -=50 0 50
@
& . 10 Angle (degree)
10—10 0

i I I
450 500 550
Wavelength (nm)




Modeling the QD downconversion: Setfos 4.6

blue backlight

absorption +
down-conversion

scattering

xﬂo‘

absorption +
down-conversion

/\/\ transmitted + scattered +

16 September, 2020

Model parameters:

* QD radius
* concentration
* refractive index

—> scattering cross section
- mean-free-path

* QD absorption spectrum
* QD emission spectrum
* quantum yield

* FLUXIM

33



. . . * FLUXIM
QD downconversion simulation: examples

concentration variation quqnfum yield variation
105 F 1.0 1075 F T T T T T T T = 1.0
0.8 0.8
c
5 1076 | o i 10-° 2
E | T £ 2
= 06 - = 0.6
z "8 z £
@ b @ 1077 =)
o 1077 F c 7] c
4‘—:‘ E (o] E
= b = 04 O
© 0.4 © =)
S v
t% 0 t% 10—5
1078 F 0.2
F 0.2
L L I I I I 1 I I 1072 Ei I I I 1 I I L B 0.0
420 440 460 480 500 520 540 560 580 420 440 460 480 500 520 540 560 580 ’
Wavelength (nm) Wavelength (nm)

16 September, 2020




Spectral Intensity (W/nm/sr)

Spectral Intensity (W/nm/sr)

Fitting results

10—10_

10—10-

Measurement

1 1
450 500
wWavelength (nm)

Simulation

i i
450 500
Wavelength (nm)

16 September, 2020

Spectral Intensity (W/nm/sr)

Peak Intensity (W/nm/sr)

80
70
60

406)

30
20
10

-9 ] 1
10 450 500
Wavelength (nm)

|
=50 0

|
50

® .
®* FLUXIM

Model parameters:

* Mean-free path:
mfp = 0.02 x mfpg,tion (A)
<> concentration: 0.6 wt%

* Quantum yield:
QY =99%

QD absorption probability
o =6% @450nm

- 94% of the blue light is scattered
a<1% @525nm
- green light not re-absorbed




