Simulating light in opto-electronic devices,
solar cells, sensors, and bio-sensors using
OghmaNano
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Download the software:

Download all the software used in this talk from:
* http://www.oghma-nano.com/download.php

‘Please report bugs to:
» roderick.mackenzie@oghma-nano.com

https://www.Oghma-Nano.com
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What are optical simulations? @

*Optical simulations enable you to understand how light interacts with your device.

*The front cover of this slide deck was an example of a simple optical simulation it
showed light interacting with two prisms

*You are able to predict
* Reflections
 Transmission
« Absorption
* Refraction

*And understand what this means for your
device performance

« What ever type of device it is.

https://www.Oghma-Nano.com



Let’s look at this picture in a bit more detalil
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Why perform optical simulations?

*Understanding how light interacts with devices is important for designing many
classes of device including:

RFID antenna

Optoelectronic
arrangement

Immobilized indicator

Bio-Sensors Optical sensors, DVD or
Solar cells telecommunications

*If you have photons in your device you will want to perform optical o 0
simulations at some point.

https://www.Oghma-Nano.com
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Why perform optical simulations? @

Solar cell example:

*Optical simulations can tell you:
* Where photons are being absorbed
« At what wavelength
* [f your device is as efficient as it could be.
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Why perform optical simulations?
Designing optical systems

https://www.Oghma-Nano.com



Why perform optical simulations?
Optical filter example:

Transmitted

*Optical simulations allow you to: r’"\A

 Play with the layer thickness before fabrication

Transmitted light (a.u.)

 Play with the material properties before J k
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Why perform optical simulations? @
They are easy to run and produce very reliable results

All you need is the:
» Optical spectra of the incident light
* The refractive index of the material as a function of wavelength
* The absorption of the material as a function of wavelength

* And your device structure

If you have this information your simulations will be 100% accurate.

https://www.Oghma-Nano.com
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The optical spectra of the Sun AMO, AM1.5G
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These spectra are known quantities.
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AM1.5G in more detall
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Other examples of spectra commonly used In @
science/Engineering:
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You can access the spectra in from the

database tab:

. 4

aa B

General-purpose Photovoltaic Device Model (https:/ffwww.gpvdm.com) - O
File Simulation type  Simulation Editors Electrical ~ Optical  Thermal I Databases I Information Questions? Contact: roderick.mackenzie@durham.ac.uk About
L | |
P, i, [ .
wlalt wa @ © -
-y e | \
Materials mission User Shape Filters Backup  Solar spectrum
database) database [Hatabase data database database Simulaion generator
| Device structure |  Terminal Output Tutorials/Documentation
f— DpEn ﬁIE https:ﬂ.www.gpvdm.l:nm A n x a Optical spectrum editor (https://www.gpvdm.com) AM1.5G A - O X

| ﬁ /home/rod/gpvdm_local/spectra
Home
505nm_led 627nm_led 660nm AMO AM1.5D
co2_laser thorlabs Xxenon
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Exercise 1. Sometimes you will want to import your own
spectra say from a lamp or other source in your lab

- Open file hitps:/fwww.gpvdm.com A - O X [ g Enter text A _ O %
& fhome/rod/gpvdm_local/spectra l :g
Home Add Spectra | —— P I I% New SF}ECtra name:
| o 'a
Cancel o OK
co2_laser thorlabs Xenon

*Click on the “Add spectra” button

Open file https:/fwww.gpvdm.com A _ O X

.Type a neW name L /homefrod/gpvdm_local/spectra I :g

Home Add Spectra

*Open the new spectra by double clicking. ‘A A .. .=

505nm_led 627rim_led 660NmM AMO AM1.5D AM1.5G
IH|IH | '|

[E—
co2_laser new_spectra thorlabs ~ xenon

https://www.Oghma-Nano.com



Exercise 1:
Opening your new spectrum window

Open file https:/fwww.gpvdm.com A _ O X R | Optical spectrum editor (https://www.gpvdm.com) new_spectra A _ O X%

L fhomefrodfgpvdm_local/spectra | :!
Home Add Spectra

Help

505nm_led 627nm_led 660nm AMO AM1.5D AM1.5G

m|im|lem 1w .
[ —

co2_laser new_spectra thorlabs xenon

*This will open and empty spectrum window.
*We now need some data to fill it.

https://www.Oghma-Nano.com



Exercise 1:
Importing a spectra

*Download the solar spectra of the sun from:

https://www.oghma-nano.com/demo/solar_spectra_demo.txt
*And save it to your home directory.

A Optical spectrum editor. (https://www.gpvdm.com) new_spectra A _ O % af Import data (htips://www.0ghma-Nano.com

A
£
. a/
k ) ) Help
Help
e-)
x-label: |Voltage x-column: 0 |% xunits: IMPSIm(Z) (Am~{2}/W)
lllllll Hl] y-column: |1 || yunits: | J (mAfcm2)
The file to import: umbers

*Then open it using “File Import” (red box below)

https://www.Oghma-Nano.com


https://www.oghma-nano.com/demo/solar_spectra_demo.txt

Exercise 1.
Your imported data will appear like this:

= Import data (https:/)

ww.0ghma-Nano.com) A~ X

|. Load/Import |

< X @

Open data Import

file data Help
Title: 'Wavelength - Intensity
x-label: |Wavelength x-column: |0 = x units: |Wavelength (nm) - invert
y-label: |Intensity y-column: |1 |2 y units: | Intensity (nm~{-1}.Wm~{-2}) = invert

The file to import: The imported file, the numbers should now be in SI units

#Wavelength nm Direct+circumsolar W*m-2*nm-1 - #oghma_csv {"title":"Wavelength - Intensity","type":"xy".,"y_label":"Wavelengt «
280 2.5361E-26 2.800000e-07 2.536100e-17

280.5 1.0917E-24 2.805000e-07 1.091700e-15

281 6.1253E-24 2.810000e-07 6.125300e-15

281.5 2.74T79E-22 2.815000e-07 2.747900e-13

282 2.8346E-21 2.820000e-07 2.834600e-12

282.5 1.3271E-20 2.825000e-07 1.327100e-11

283 6.7646E-20 2.830000e-07 6.764600e-11

283.5 1.4614E-19 2.835000e-07 1.461400e-10

284 4,9838E-18 2.840000e-07 4.983800e-09

284.5 2.1624E-17 2.845000e-07 2.162400e-08

285 8.9998E-17 2.850000e-07 8.9993800e-08

285.5 6.4424E-16 2.855000e-07 6.442400e-07

286 2.3503E-15 2.860000e-07 2.350300e-06

286.5 1.8458E-14 2.865000e-07 1.845800e-05

287 7.2547E-14 2.870000e-07 7.254700e-05

287.5 3.6618E-13 2.875000e-07 3.661800e-04

288 2.8061E-12 2.880000e-07 2.806100e-03

288.5 9.0651E-12 2.885000e-07 9.065100e-03 -
289 3.4978E-11 i 1 L4
/home/rod/Desktop/sun.txt /home/frodfoghma_local/spectra/new_spectra/spectra.inp

https://www.Oghma-Nano.com



Exercise 1:
Closer look at the data importer tool

af Import data (https:/fwww.O0ghma-Nano.com) ~

| Load/Import |

2 X

Open data Import
file data

Title: 'Wavelength - Intensity

x-label: |Wavelength x-column: |0 “B¢ units: | Wavelength (nm) - invert

y-label: | Intensity y-column: |1 |2 units: | Intensity (nm~{-1}.Wm~™{-2}) ~ invert

The file to import: The imported filog numbers should now be in SI units

#Wavelength nm Direct+circumsolar W*m-2*nm-1 #oghm “title":"Wavelength - Intensity","type":"xy"."y_label":"Wavelengt =
280 2.5361E-26 2.80e 07 2.536100e-17
280.5 1.0917E-24 P5000e-07 1.091700e-15
281 6.1253E-24 R d t f 2.810000e-07 6.125300e-15
281.5 2.7479E-22 aW a a rom 2.815000e-07 2.747900e-13
282 2.8346E-21 . 2.820000e-07 2.834600e-12 C O nve rte d
282.5 1.3271E-20 F I L E n Ot I (4 2.825000e-07 1.327100e-11
283 6.7646E-20 - 2.830000e-07 6.764600e-11
283.5 1.4614E-19 2.835000e-07 1.461400e-10 to S I
284 4.9838E-18 2.840000e-07 4.983800e-09 .
284.5 2.1624E-17 2.845000e-07 2.162400e-08
285 8.9998E-17 2.850000e-07 8.999800e-08
285.5 6.4424E-16 2.855000e-07 6.442400e-07
286 2.3503E-15 2.860000e-07 2.350300e-06
286.5 1.8458E-14 2.865000e-07 1.845800e-05
287 7.2547E-14 N mannn ao S nramans ac
287.5 3.6618E-13
288 2.8061E-12
2oes  2oesie? | x-column: |0 |T| x units: | Wavelength (nm) - invert
/home/rod/Desktop/sun.tx
£ = F Fa Fa A
y-column: |1 2|y units: |Intensity (nm~™{-1}.Wm~{-2}) = invert

https://www.Oghma-Nano.com

A
W/

Help

*The model needs all data to be
In S| units.

*The data you downloaded had
units of Wavelength (nm) v.s.
Intensity (nm™{-1}Wm~{-2}).
Intensity is already Sl,
wavelength in nm is not.

*To convert the data to Sl, select
from the drop down boxes what
units the INPUT DATA is in.

*The converted data will be
displayed in the right hand text
box.



Exercise 1:

Closer look at the data importer tool

=

| Load/Import |

Import data (https:/fwww.O0ghma-Nano.com) ~

2 X

Open data Import
file data

Title: 'Wavelength - Intensity
x-label: \Wavelength

y-label: | Intensity

The file to import:

289 3.4978E-11
/home/frod/Desktop/sun.tx

y-column:

https://www.Oghma-Nano.com

288.5 9.0651E-12 }:—ED'L.II'I"IFI:

AT
/

Help

x-column: |0 |2k units: | Wavelength (nm) - invert

y-column: |1 |- units: |Intensity (nm~{-1}.Wm~{-2}) ~ invert

The imported filg E numbers should now be in SI units

#Wavelength nm Direct+circumsolar W*m-2*nm-1 - #oghmg “title":"Wavelength - Intensity","type":"xy"."y_label":"Wavelengt =
280 2.5361E-26 2.50280c 07 2.536100e-17

280.5 1.0917E-24 #5000e-07 1.091700e-15

281 6.1253E-24 R a d a‘ta f 0 2.810000e-07 6.125300e-15

281.5 2.7479E-22 W r m 2.815000e-07 2.747900e-13

282 2.8346E-21 . 2.820000e-07 2.834600e-12 C O nve rte d
282.5 1.3271E-20 F I L E n Ot I (4 2.825000e-07 1.327100e-11

283 6.7646E-20 = 2.830000e-07 6.764600e-11

283.5 1.4614E-19 2.835000e-07 1.461400e-10 to S I

284 4.9838E-18 2.840000e-07 4.983800e-09 .

284.5 2.1624E-17 2.845000e-07 2.162400e-08

285 8.9998E-17 2.850000e-07 8.999800e-08

285.5 6.4424E-16 2.855000e-07 6.442400e-07

286 2.3503E-15 2.860000e-07 2.350300e-06

286.5 1.8458E-14 2.865000e-07 1.845800e-05

287 7.2547E-14 il iaiabinialoliel

287.5 3.6618E-13

288 2.8061E-12

0 |2 xunits: Wavelength (nm) u invert

1 |3 vy units:  Intensity (nm™{-1}.Wm~™{-2}) ~ invert

*You should see on the right
hand side of the window nm
has been converted into units
of meters.

*Always perform a sanity
check on the imported data by
looking at the numbers in
each column — do they make
sense?

*They should always be in Sl
units. There should be no InF
values, and no NaN values if
anything



Try at home demo

*You can download the data used in this example from:

https://www.oghma-nano.com/demo/solar _spectra_demo.txt

*Have a go at importing the data your self.

https://www.Oghma-Nano.com
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Refractive index:
Snells law and the speed of light

*Refractive index governs by how might light is bent
when entering or leaving an object.

» Snells law describes this bending of light:
n,sin©, =n,sin 0,

‘Refractive index also governs the speed of light in an
object.

Air | |
L Total internal
Critical angle Ly
| reflection
n | I
2 | [
i ). !
| |
| |
| e1 | ez
Water : :
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Refractive index: @
Variation as a function of wavelength

*The reason you see light being split in a prism is due to a combination of Snells law
and materials having different refractive index values at different wavelengths.

n, sin 91 =n, sin 62

*Below is a plot of the refractive index of glass as a function of wavelength.

https://www.Oghma-Nano.com



Refractive index (n): @
Reflection
‘Refractive index also governs how much light is

reflected/transmitted at an interface: ,

|y

n,+n,

T'=1—-R

*For this talk I'm not going to go further into Snell’'s law or these relations, | just want you to
appreciate the how refractive index influences optical simulations.

https://www.Oghma-Nano.com
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Optical absorption

*Optical absorption is the process where by light is
absorbed as it passes through a material.

*If follows the equation

a

I(x)=I,exp "

- Where | is the initial photon flux, I(x) is the photon flux

at position x in the medium and alpha is the absorption
coefficient.

I,

https://www.Oghma-Nano.com



Optical absorption:
Absorption coefficient (alpha)

*The alpha in this equation also changes as a function of

wavelength, an example is given to the left for PTB7 a .
commonly used polymer in organic electronics.

*So the equation

T T T T
300 400 500 600
a Wavelength (nm

I(x)=I,exp "

*Should really be written as a function of wavelength:

I(x,A)=I,exp *“"

*Alpha has units of length, in this case as the model works only in SI, m™.

https://www.Oghma-Nano.com



Optical absorption: @
Attenuation coefficient (k)

As a final note you often hear about n/k data

*This is a complex number representing both the n term and the alpha term:

*This is written as N=n+ J I(=n+jM
4 71

i - o 4K

*The relationship between alpha and k is given as 0{:—)L

*The model takes alpha (m™) as an input, so using the above formula you can
convert values of k found in the literature for use in the model.

*The model also has an option to convert k to alpha in the import window:

¥-column: |0 || x units: | Wavelength (nm) v invert

y-column: |2 |3 y unitl: | Attenuation coefficient (au) - invert

https://www.Oghma-Nano.com
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The materials database:
This has lots of materials in it that you can explore

. 4

General-purpose Photovoltaic Device Model (https:/www.gpvdm.com)

File

Questions? Contact: roderick.mackenzie@durham.ac.uk

Simulation type Simulation Editors Electrical Optical Thermal | Databases I Information

*Each material has n/alpha data stored for it.

https://www.Oghma-Nano.com

300 400 500 600 700 800
Wavelength (nm)

X
—— . 0 @ TClAdl
Optical  Emission User Shape Filters Backup  Sclar spectrum
database database database data database database Simulaion generator
- Open file https:/fwww.gpvdm.com A — O X
- Open file hitps:/fwww.gpvdm.com A - O X
. 5 Y
y i ,-"?@ * fhome/rod/gpvdm_local/materials/polymers Ch
L] * Jhome/rod/gpvdm_local/materials L\ Back Home Add Material
Home Add Material
K _ PMM pcpdtbt
blends chemnitz chemnitz.zip clean.sh convert.py gas gasses
generic glasses helmut inorganic liquid main metal pdts-dtffbt pedotpss
. . . . . . . flx) S @
B B B O |- TR i B o
metals organic other oxide oxides perovskites polymers Absorption | Refractive index ~ Basic | Electrical parameters | Thermal parameters | Life cycle
[’ [’ [’ [’ i 1e7
private ighthouse.com. salt small_molecules SIC E s
b
E
gl.()
g




The materials database:
n/alpha

“ Material editor (https://www.gpvdm.com) PTB7 ~

5 f(x) $/W 0

Import data From
from file

Reference

Equation information Eo=k Help

Absorption Refractive index Basic Electrical parameters = Thermal parameters Life cycle

le7

2.0

15 A

L.0

Absorption (m™{-1})

0.5

0.0

T T
300 400 500 600 700 800
Wavelength (nm)

;) Material editor (https://www.gpvdm.com) PTBY. R = |
f(x) $/W D
Import data From Reference
from file Equation information Cost bl
Absorption Refractive index Basic Electrical parameters | Thermal parameters Life cycle
2.4
5 2.2
o
3
- 2.0
£
v
=
= 1.8 A
e
=
@
= 16
1.4
T T T T T T T T
200 400 600 800 1000 1200 1400 1600

Wavelength (nm)

*Each material has both refractive index and absorption data

associated with it.

https://www.Oghma-Nano.com

35



The materials database:
Other parameters

@) Material editor (https://www.gpvdm.com) PMMA A — 0 X o) Material editor (https://www.gpvdm.com) PMMA A - O X
| File | | File |
iy ) e g 7
e f(x) Bib S/W ( I) oy f(x) o $/W i_/; ;
Cost Help Cost Help
FEEEn | CETmie e Nl EisiiE RS | MiemEl pRencs | L g Absorption Refractive index Basic Electrical parameters | Thermal parameters Life cycle
Color 204 204 204 ... | Alpha: 50 < | rgb Tzl et 10 W ml el
Material Oth v . .
aterial type e type Electron relaxation time |1le-8 s
Privicy options | Public - everyone ~ | type Hole relaxation time leg <
Change log au = i 3
) Material editor (https://www.gpvdm.com) PMMA A — O X
| File |
{ -
] f(x) Bib $/W | ;
Cost Help
Absorption | Refractive index = Basic | Electrical parameters | Thermal parameters | Life cycle
Blended material True/False
Xig -3 eV
= Ego 1.0 eV
*Other tabs show other basic

material parameters

https://www.Oghma-Nano.com



Outline of the talk
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 Optical filter design task
 Summary
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Making a new material

- Open file https:/fwww.gpvdm.com
5 (G .
., /home/rod/t/gpvdm5.0/materials/polymers '*3% 01. CIle
Back Home 02 Dou ble CIICk Add Material
" G “ " N
p3ht pcdibt pcpdtbt pdts-dtffbt pedotpss
@ T Material editor (https:/www.gpvdm.com) my_new_material
R\__‘ fe 1/ _| A
pfn redf si-pcpdtbt | Fie |
$/IW L ret” &, ~
Cost Material Insert reference Save ilma | O
directory information b mport data Help
Absorption Refractive index Basic
Absorption V=0.0 time=0.0 fs
0.04
?: 0.02
E
.g 0.00 +
L L JE—
*The material file h
e material file has no 3]
d ata 4[I)0 560 6lI)0 YCI!CI BlI)O 9ll)0 lDIOO llIDCI
LI B B ] Wavelength (nm) -
— Absorption
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Let’s get hold of some data to import... usually you would
get this from experiment or a publication.

*Download this zip archive:
https://www.oghma-nano.com/demo/ptb7pc70bm_demo.zip

i n.csv (~/.cache/.fr-IMXDBi) - Pluma A - 0O ><1 ’ k.csv (~/.cache/.fr-RA0QYf) - Pluma A~ _ O xw
File Edit View Search Tools Documents Help File Edit View Search Tools Documents Help
Izl"’ [ ] Open = >ave | = I W Undo @ | g @ [E | N E: (] Open ~ save | = | @ Undo @ | g @ @ | -
[] k.csv [1 n.esw [ k.csv [ n.csv
1 #wavelength (nm), refractive index 1 #wavelength (nm), k (complex refractive index)
2305.79 1.9154 2301.31 0.38976
3316.66 1.90433 3305.2 0.37308
4323.66 1.88767 4308.31 0.35361
5329.09 1.87657 5309.88 0.33692
6335.31 1.85712 6313.77 0.32024
7336.86 1.85713 7315.32 0.3119
8346.96 1.83492 gggégg 333288
s e
11364.06 1.79049 11341.74 0.25082
ST
13377.23 1.81841 14358.81 0'25@92
14 395.86 1.81574 15362.69 0'253?3
B LEL SR 16367.34 0.26211
BN405.16 1.82415 17 373:54 0:2?85
17 421.48 1.78806 18377.42 0.27052
18 422.25 1.78613 10387 85 0 26777
1942613 1.7853 ‘ CSV-H Tab Width: 4 + Ln1, Col 1 INS
‘ csv-H Tab Width: 4 + Ln1,Col 1 INS

https://www.Oghma-Nano.com


https://www.oghma-nano.com/demo/ptb7pc70bm_demo.zip

Let’'s import k.csv

Material editor (https://www.gpvdm.com) new_material A O X

| *Select “Import the data from
0 W W file” button.

From Reference
Equation information

Import data

from file Cost SER

Absorption Refractive index Basic Electrical parameters = Thermal parameters Life cycle

*Select k.csv to import... from
where ever you extracted
n/k.csv

*Again the import window will
POpP up.
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The raw data will be on the LHS of the import window
The RHS will display the data convertec

to S| units.

| Load/Import ‘

Import data (https:/www.0ghma-Nano.com) ~

x

< X

Open data Import
file data

Title: Wavelength - Absorption
x-label: \Wavelength

y-label: Absorption

The file to import:

#wavelength (nm), k (complex refractive index)
301.31 0.38976
305.2 0.37308
308.31 0.35361
309.88 0.33692
313.77 0.32024
315.32 0.3119
321.55 0.28688
326.99 0.273
329.32 0.26744
341.74 0.25082
347.95 0.24807
354.16 0.24811
358.81 0.25092
362.69 0.25373
367.34 0.26211
373.54 0.2705
377.42 0.27052
382.85 0.26777
393.72 0.26227

/home/rod/Desktop/k.csv

*The imported data

Help

x-column: |0 x units: | Wavelength (nm)

y-column: |1 y units: | Attenuation coefficient (au)

invert
invert

The imported file, the numbers should now be in SI units

#oghma_csv {"title":"Wavelength - Absorption”,"type":"xy","y_label":"Wavelen =
3.013100e-07 1.625523e+07

3.052000e-07 126e+0

3.083100e-07 Q]jih@ oéh e d ata
3.098800e-07 1.366290e+0

3.137700e-07
3.153200e-07
3.215500e-07
3.269900e-07
3.293200e-07
3.417400e-07
3.479500e-07
3.541600e-07
3.588100e-07
3.626900e-07
3.673400e-07
3.735400e-07
3.774200e-07
3.828500e-07
1

1.282548e+

traiasformed into Sl,

1.121144e+07

redidy; to be imported

9.223077e

irte:the model.

8.787801e+06
8.791151e+06
8.966539%9e+06
9.099964e+06
9.007079e+06
8.789067e+06

fhome/frodjoghma_local/materials/fred/alpha.csv

*Set these to
the units used
In the RAW
data file you
Imported.

x-column: |0 * | x units: | Wavelength (nm) o invert

y-column: |1 |2 y units: | Attenuation coefficient (au) v invert

*Set the values to Wavelength (nm), and Attenuation coefficient (au), the RHS will
then be in Sl, scroll down to inspect the file. Make sure it has been imported correctly

https://www.Oghma-Nano.com
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Then click import data and the data will be imported into the
material..

af Import data (https://www.0ghma-Nano.com) A X
| Load/Import |
=2 \D
Open dfta Import
file data Gl

Title: \Wavelength - Absorption
x-label: |Wavelength x-column: |0 || x units: | Wawvelength (nm) - invert
y-label: |Absorption y-column: |1 = y units: | Attenuation coefficient (au) v invert
The file to import: The imported file, the numbers should now be in 51 units

#wavelength (nm), k (complex refractive index) - #oghma_csv {"title":"Wavelength - Absorption”."type":"xy"."y_label":"Wavelen*

301.31 0.38976 3.013100e-07 1.625523e+07

305.2 0.37308 3.052000e-07 1.536126e+07

308.31 0.35361 3.083100e-07 1.441274e+07

309.88 0.33692 3.098800e-07 1.366290e+07

313.77 0.32024 3.137700e-07 1.282548e+07

315.32 0.3119 3.153200e-07 1.243006e+07

321.55 0.28688 3.215500e-07 1.121144e+07

326.990.273 3.269900e-07 1.049150e+07

329.32 0.26744 3.293200e-07 1.020511e+07

341.74 0.25082 3.417400e-07 9.223077e+06

347.95 0.24807 3.479500e-07 8.959152e+06

354.16 0.24811 3.541600e-07 8.803477e+06

358.81 0.25092 3.588100e-07 8.787801e+06

362.69 0.25373 3.626900e-07 8.791151e+06

367.34 0.26211 3.673400e-07 8.96653%9e+06

373.54 0.2705 3.735400e-07 9.099964e+06

377.42 0.27052 3.774200e-07 9.007079e+06

382.85 0.26777 3.828500e-07 8.789067e+06 -

393.72 0.26227 b’ 1 LS
/home/rod/Desktop/k.csv /home/rod/oghma_local/materials/fred/alpha.csv
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Outline of the talk

*In this talk we will cover:
« What are optical simulations?
« Why perform optical simulations?
« What you need for accurate optical simulations
» Optical spectra
» Refractive index data (n)
» Optical absorption data (k)
" The materials database
" Importing n/k data into the model.
» Setting up device structures
* Running optical simulations using OghmaNano.
* Light sources
» Output files
 Optical filter design task
 Summary
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We are now going to do an example using a solar cell.

*There is currently a lot or research interest in these devices.

*For this we will use the transfer matrix method. This assumes light
propagates in the device as a wave.

*Don’t worry about this too much for now but it's different to ray tracing.

Antireflection coating
P Grid contact

Transparent
Conducting Oxide

Junction former

™ Rear contact

https://www.nrel.gov/pv/organic-photovoltaic-solar-cells.html

https://www.Oghma-Nano.com


https://www.nrel.gov/pv/organic-photovoltaic-solar-cells.html

Make a new solar cell simulation

Simulation type Simulation Editors Electrical Optical Thermal Databases Information

General-purpose Photovoltaic Device Model (https:/www.gpvdm.com)

Questionsi

<

Open
sim...ion

evice structur

= r & v = O®
Export Run Parameter Fit to Optical Machine Edit

Zip simulation scan experimental data Simulation  Learning Probes

Terminal Output Tutorials/Documentation

v| Show hidden

New simulation (hitps://www.gpvdm.com)

Cancel

Next

ww.gpvdm.com)

[ ] New simulation (hrtp

Which type of device would you like to simulate?

Which type of device would you like to simulate?
@ . . J L : | - & @ P3HT:PCBM Inverted (PCE=3.62%)
BN x
P3HT:PCBM  Amorphous CIGS EQE demo Equivlent Exciton Exciton Fitting and
solar cell silicon Solar cell circuit model domain device parameter
(PCE=4%) solar cell extraction PM6:D18:18-BO solar cell (PCE=17.4%)
s . -
A i J—"i bR ==
\
. @ PM6:L8-BO solar cell (PCE=16.2%)
Hetrojunction IS[IMPSH2/ Large area Large area Laser Matlab Morphology OFETs
tunneling Cvi " PME:Y6 hexagonal Example scripting
example o contact demo PM6:Y6 E10 Ohrs
P ] =g T
Sy .
ﬂ.‘i, = il —
- — PM6:Y6_E10_24hrs
OLED Optical filter Organic Perovskite  Photonic-xtal Pelycrystalline Ray Tandem Si
solar cells solar cell FDTD silicon tracing Perovskite
cell
PM6:Y6_E10_96hrs
— E [S [
Tandem Thermal oled papers PMG:Y6_E6_Ohrs
solar cell simulation

v Show hidden

Cancel

Next

*\We are going to select a PM6:Y6 Organic solar cell which is a
modern type of organic solar cell.

*Save this example to your home directory.

https://www.Oghma-Nano.com



You should get a window like this

® *You can see the solar cell is

Questions? Contact: roderick.mackenzie@durham.ac.uk About

File Simulation type Simulation Editors Electrical Optical Thermal Databases Information

made up of around five

v =N } o Lo @ a paper, book or thesis you must cite this o
" W s 1™ il ' N N -
0 ﬁ . ‘é@ ﬁ: e paper: Analytical description of mixed ohmic and
. : . . space-charge-limited conducticn in single-carrier . a e rS
New Open Export Run Parameter Fit to Optical Machine Edit devices, Journal of applied Physics, 128, 165701, Script .
2020 and along with these two papers in your work.

simulation sim...ion Zip simulation scan experimental data Simulation  Learning Probes Editor

Device structure Terminal Output Tutorials/Documentation
—
—
—

Layer
editor

*You can see light coming in
from the top.

=
L

Contacts

v

Electrical
parameters

Emission
parameters

Substrate
xz-size

Xy yz
xz FH

4 4

*If you click on the layer editor
you can inspect the layers.

J/home/rod/Desktop/asddasdasdadad

https://www.Oghma-Nano.com



Opening the layer editor

Tutorials/Documentation

Device structure Terminal Output
P—

—

—

—

Contacts

v

Electrical
parameters

Emission
parameters

Substrate
xz-size

Xy yz
xz FH

4 4

J/home/rod/Desktop/asddasdasdadad

Layer name
ITo
Zno
PME:YE
MoOx

Ag

4
File Simulation type Simulation Editors Electrical Optical ~ Thermal Databases Information ~ Questions? Contact: roderick. mackenzie@durham.ac.uk About
a ' If you publish results generated with gvpdm in
| D A= - v og8 lg“—fﬁ % a paper, book or thesis you must cite this
) ﬁ . } -é,? 4 ot © @ paper: Analytical description of mixed ohmic and
. : . . -charge-limited conduction in single-carrier .
New Open Export Run Parameter Fit to Optical Machine Edit space-c g g Script
simulation sim...ion Zip simulation scan experimental data Simulation  Learning Probes devices, Journal of Applied Physics. 128, 165701, Editor

L A
4 L]

Thicknes (m)
1le-07
3e-08

2e-07
le-08

le-07

Optical material
chemnitz/ito
chemnitz/Zn0
chemnitz/active_fresh
chemnitz/MoOx

chemnitz/Ag

Layer type
contact - Yes
other | Yes

active layer = Yes
other - Yes

contact - Yes

Solve optical
problem

Solve thermal

problem
Yes -
Yes -
Yes -
Yes -
Yes st

1D

https://www.Oghma-Nano.com




The layer editor @

— Layer editor https:/fwww.gpvdm.com A~ _ 0O X
+ =9 4
. . . Solve optical Solve thermal
Layer name Thicknes {m) Optical material Layer type problem problem D
ITO le-07 .. | chemnitz/fito contact * Yes * | Yes > |...
ZnQ 3e-08 . | Chemnitz/ZnO other - Yes * | Yes * |
PMG:Y6 2e-07 ... | chemnitzfactive_fresh active layer = Yes * | Yes v ..
MoOx le-08 . | chemnitz/MoOx other - Yes * | Yes * ...
Ag 1e-07 ... | chemnitzfAg contact - Yes * | Yes v ..

-Layer name: An English name for the layer, this has no technical significance (Tip: It might not like
names with non English characters, i.e. Chinese characters)

*Thickness of the layer: The thickness of the layer in meters.

*Optical material: This points to the n/k data in the materials database. Use the “...” button to
select a new material.

*Other columns: Discuss elsewhere.

*You can use the + button to add layers, the — button to remove layers.

https://www.Oghma-Nano.com



Outline of the talk

*In this talk we will cover:
« What are optical simulations?
« Why perform optical simulations?
« What you need for accurate optical simulations
» Optical spectra
» Refractive index data (n)
» Optical absorption data (k)
" The materials database
" Importing n/k data into the model.
« Setting up device structures
* Running optical simulations using OghmaNano.
* Light sources
» Output files
 Optical filter design task
 Summary
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Running the full optical simulation...

*Open the optical simulation window and click
“Run optical simulation”

https://www.Oghma-Nano.com

Photon distribution absorbed

. 4
File Simulation type Simulation Editors Electrical Optical Thermal Databases Information ~ Questions? Contact: roderick.mackenzie@durham.ac.uk About
1 If you publish results generated with gvpdm in
3 =N, - v ool a paper, book or thesis you must cite this -
- & - } ‘é’-b? “‘b—x' @ @ paper: Analytical description of mixed ohmic and
" . . space-charge-limited conduction in single-carrier .
New Open Export Run Parameter Fit to Optical Machine Edit . : Script
simulation sim...ion Zip simulation scan experimental dfila Simulation § Learning Probes devices, Journal of Applied Physics, 128, 165701, Editor
2020 and along with these two papers in your work.
Device structure Terminal Output Tutorials/Documentation -
) e
—_—
——]
——
Layer Optics
editor
= } .
Contacts
Run optical .
. pH Configure
“, simulation
Electrical - :
parameters Photon distribution
A
Emission
parameters
Substrate
xz-size
-
XYy yZ E
=
—
xz HH £
(| =
3
=
2
Jhomejrod/Desktop/asddasdasdadad

50

W M NI %S

Transfer
matrix

100

Exponential
profile

150

Flat From From QE

Photon density

200 250
y-position (nm)

Generation rate

profile  file spectra

300

o]
] |
Constant
value

350

400

1le29

50

1.0

0.8

0.6

0.4

0.2

0.0



Look at the generation rate in the device:

Optical simulation editor (https://www.gpvdm.com)

hoton distributio Photon distribution absorbed | Generation rate

Absorbed Photon density

0-4 -

0 50 100 150 200 250 300 350 400
y-position (nm)

o = = =
-] o L] S

Wavelength (um)

o
=]

le35

6

w

£y

w

[¥]

=

| Optics | About
> & MW M HA G m 9

- | - /
Run optical ErmiTENTE Transfer Exponential Flat From From QE Constant Hel
simulation 9 matrix profile profile  file spectra value P

Optical simu

lation editor (hitps://www.gpvdm.com)

| Botics | About
n o = g P
- » W W H I Iirn . )
Run optical - Transfer | Exponential Flat From From QE Constant
simulation ity matrix profile profile  file spectra value =
hoton distributio Photon distribution abserbed
[ h -I6ev
2.1e28 _| L-1.9
| \ PM6:Y6 weEl Y
B
- 1.6e28 _| ST | -34
< MoOx
E 4.4 eV 4.3 eV =
= -4.8 eV 2
© 1.2e28 | L-5.0 >
5 IO h 2
2 Zno v &
@ 7.0e27 _| L-6.5
o
@
(&)
2.3e27 | | -8.0
——— \1.8¢V
: T T T T
50 150 250 350

Position (nm)

*This cell is excited with an LED, so you will see a very narrow region of excitation at 515

nm.

*The generation rate tab shows the generation profile in the device with all wavelengths

jointed together.

https://www.Oghma-Nano.com
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Exercise 2: Play with the layer thickness and see how it
Influences the distribution of light in the device.

— Layer editor https://www.gpvdm.com A — O X
L
r == ‘-@ /Ig\
. . . Solve optical Solve thermal

Layer name Thicknes {m) Optical material Layer type problem problem D

ITO le-07 .. | chemnitz/fito contact * Yes * | Yes

ZnQ 3e-08 . | Chemnitz/ZnO other - Yes * | Yes

PMG:Y6 2e-07 ... | chemnitzfactive_fresh active layer = Yes * | Yes

MoOx le-08 . | chemnitz/MoOx other - Yes * | Yes

Ag 1e-07 ... | chemnitzfAg contact - Yes * | Yes

*Increase the thickness of the active layer to 300nm and change the material to
chemnitz/active _aged.

https://www.Oghma-Nano.com



Outline of the talk

*In this talk we will cover:
« What are optical simulations?
« Why perform optical simulations?
« What you need for accurate optical simulations
» Optical spectra
» Refractive index data (n)
» Optical absorption data (k)
" The materials database
" Importing n/k data into the model.
« Setting up device structures
* Running optical simulations using OghmaNano.
 Light sources
» Output files
 Optical filter design task
 Summary

https://www.Oghma-Nano.com



Selecting light sources

4
File Simulation type Simulation Editors Electrical Optical Thermal Databases Information ~ Questions? Contact: roderick.mackenzie@durham.ac.uk About
| ) .
g o . n:_g figi | |
z | Light intensity (Suns): ~ D i L
Light asers o - Ray tracing  Optical FDTD Boundary
Sources [ (fs) : editor Detectors  Simulation Conditions
evice structur Terminal Output Tutorials/Documentation
CPU O
CPU 1
t model
CPU 2 !
¢ of the optical spectra (no filter): 9.913312e+02 (9.913312e+02) Wm~{-2}
CPU 3
CPU 4 x status name function batch id @ @ none (nil) -1 0x561ab5b2chf®
0 filter): 9.913312e+02 (9.913312e+02) Wm™{-2}
CPU 5
CPU &
CPU 7
Cluster
Jobs list J @ nn
40 ,.300000 nn
.950000 nn
600000 n
Solved @ Equations
unload DLLs
Bytes, written 15447576 , read 430693
Files, read 26 written 1919
/home/rod/Desktop/asddasdasdadad

https://www.Oghma-Nano.com

*You will have noticed that the
light used to illuminate the last
simulation was an LED with a
very narrow spectrum.

*\WWe can change this to
something more realistic by
clicking on the Light sources
button in the optical ribbon.



Selecting a Light source:

S Light source editor (hreps://www.gpvdm.com) @3 = > Light source editor (https:/fwww.gpvdm.com) A - O X
|' File | About | Gile | bout
. = L L L R
4 4 .d & P Af @ ud id Ld A &
Mew Delete Clone Configure Rebuild Rename Help Mo D e CEmEre FEs S Eeln
ot I Fiters  Configure ight I Filers  Configure
Light source (y0) Light source (y0)
. L External — .
+ = v@ /& Fn’i:zerrfgila: o r = v@ /& interface: 17
Spectrum Multiplyer I Spectrum __Multiplyer
thorlabs/515nm ~ 1.0 [ARLEE | °
o 2.5el0 _| :.‘ 1.5e09 _|
- -
< < 1.1e09
€ 2.0el0 _ £ I
=
~ Lldel0 _| ~ 8.1e08 __
et et
<
€ 8.4e09 _ £ 4.9e08 _|
2 28009 _ 2 16e08 _| AT
402 667 931 1196 1461 402 667 931 1196 1461
Wavelength (nm) Wavelength (nm)
/home/rod/Desktop/asddasdasdadad.light, segment0 /home/rod/Desktop/asddasdasdadad.light, segment0

*Note: You can also mix various spectra and apply filters using this window, try using the
add button to mix the AM1.5G spectra and the 515nm laser from ThorLabs.

https://www.Oghma-Nano.com



Now go back and rerun the optical simulation

*Open the optical simulation window and click
“Run optical simulation”

https://www.Oghma-Nano.com

Photon distribution absorbed

. 4
File Simulation type Simulation Editors Electrical Optical Thermal Databases Information ~ Questions? Contact: roderick.mackenzie@durham.ac.uk About
1 If you publish results generated with gvpdm in
3 =N, - v ool a paper, book or thesis you must cite this -
- & - } ‘é’-b? “‘b—x' @ @ paper: Analytical description of mixed ohmic and
" . . space-charge-limited conduction in single-carrier .
New Open Export Run Parameter Fit to Optical Machine Edit . : Script
simulation sim...ion Zip simulation scan experimental dfila Simulation § Learning Probes devices, Journal of Applied Physics, 128, 165701, Editor
2020 and along with these two papers in your work.
Device structure Terminal Output Tutorials/Documentation -
) e
—_—
——]
——
Layer Optics
editor
= } .
Contacts
Run optical .
. pH Configure
“, simulation
Electrical - :
parameters Photon distribution
A
Emission
parameters
Substrate
xz-size
-
XYy yZ E
=
—
xz HH £
(| =
3
=
2
Jhomejrod/Desktop/asddasdasdadad

50

W M NI %S

Transfer
matrix

100

Exponential
profile

150

Flat From From QE

Photon density

200 250
y-position (nm)

Generation rate

profile  file spectra

300

o]
] |
Constant
value

350

400

1le29
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Now go back and rerun the optical simulation

hid Optical simulation editor, (https:/www.gpvdm.com)
| Optics |
» % W WM HI Y W
- | .

Run optical

Transfer | Exponential Flat From From QE Constant
simulation m

atrix profile profile  file spectra value

Photon distribution absorbed

Configure

Generation rate

Photon density

le28
E
2
=]
=
[ =
£
(]
>
o
=
200 250
y-position (nm)

S Optical simulation editor (https:/www.gpvdm.com) A _DOx
| optics | About
» % M WM M3 G m )

b | . §
Run optical (AT Transfer Exponential Flat From From QE Constant Hel
simulation 9 matrix profile  profile  file  spectra  value P

hoton distributio

Photon distribution absorbed

-T6 eV

1.9e28 | orteve = . 19
=
5
T 15e28 | 34
<
< s
£ lle2s 50 3
5 6.5e27 | |65
T
o

2.2e27 | | 8.0

T T T T
50 150 250 350
Position (nm})

https://www.Oghma-Nano.com
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Optical simulation editor: (https://www.gpvdm.com)

| QOptics |

>

Run optical
simulation

hoton distributio

Wavelength (um)

» M M O S

Configure Transfer Exponelntlal Flat From From QE Constant
matrix profile profile  file spectra value
Photon distribution absorbed ‘ Generation rate

Absorbed Photon density

200 250
y-position (nm)

1le34




Outline of the talk

*In this talk we will cover:
« What are optical simulations?
« Why perform optical simulations?
« What you need for accurate optical simulations
» Optical spectra
» Refractive index data (n)
» Optical absorption data (k)
" The materials database
" Importing n/k data into the model.
« Setting up device structures
* Running optical simulations using OghmaNano.
* Light sources
* Output files
 Optical filter design task
 Summary

https://www.Oghma-Nano.com



Outputs:
Optical snapshots

=[5 [5

[
[
[

E

=

=

(1
)
)

E

[

fit_dataS.inp fit_data6.inp fit_data7.inp fit_data8.inp fit_datad.inp gmon.out iv.csv
s I s . Y s L~
—
jv_contact0.csvjv_contactl.csv k.csv light_stats.json optical_output ptical_snapshot reflect.dat

J/home/rod/Desktop/asddasdasdadad

fit_datal3.inp fit datald.inp fit datal5.inp fit datal6.inp fit_datal7.inp fit datals.inp fit datal9.inp fit data2.inp fit_data20.inp fit_data2l.inp fit_data3.inp

sim_info.dat

=

T |

iv_contact0.csviv_contact0.plotiv_contactl.csviv_contactl.plot

{:}

fit_datal.inp fit_datalO.inp fit datall.inp fit_datal2.i

transmit.dat

& General-purpose Photovoltaic Device Model (https://www.gpvdm.com) A - O X
| Eils Simulation type Simulation Editors Electrical Optical ~ Thermal Databases Information ~ Questions? Contact: roderick.mackenzie@durham.ac.uk About
. ' If you publish results generated with gvpdm in
g P ¥ > & ¥| E ‘-’e’g O a paper, book or thesis you must cite this
j - = —— paper: Analytical description of mixed ohmic and

New open Export Run Parameter Fit to Optical Machine  Edit Zpafe"ha'ge"‘r"ftid ‘?“g“;,:"",‘ n i'z"g'ei'g;;'('ﬁr Script
simulation  sim._ion Zip simulation scan experimental data Simulation  Learning Probes svices, Journal of Applie LS il o Editor

2020 and along with these two papers in your work.

evice structur Terminal Output Tutorials/Documentation
@ 9 A 7 = =
—
aabb.csv cache charge.dat charge_tot.csvge with_surface device.dat fit_dataO.inp inp

=
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fit_datad.in

°
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https://www.Oghma-Nano.com

| Simulation snapshots
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File to plot Plot type
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Simulation information:
sim_info.dat

Simulation information (www.gpvdm.com) A - X

@ *This file contains the maximum
photocurrent one would get out of the

Information
Photo current density 2.751856e+02 Am?
Photo current 2.861925e-03 A

https://www.Oghma-Nano.com



Statistics:
light_stats.json

* light stats.json (~/Desktop/asddasdasdadad) - Pluma . . .

-Fi.Ie Edit View Search Tools DocumentngeIp l p .ThIS flle Contalns a breakdown Of
1 [ open_~ L @ Xl Bl % which layers absorb what fraction of
L light stats json light in the material.
1
2 "layers" : 5,

3 "layer0@": {

4 "light frac photon generation": 1.103641le-01
5 |

6 "layerl": {

7 "light frac photon generation": 8.650944e-03
8 },

9 "layer2": {

10 "light frac photon generation": 8.050166e-01
11 |
12 "layer3": {

13 "light frac photon generation": 5.804029e-02
14 },

15 "layerd": {

16 "light frac photon generation": 1.792815e-02
17 }

18

https://www.Oghma-Nano.com



Optical transmission/reflection
transmit.csv, reflect.csv

*Transmission (transmit.csv) ‘Reflection (reflect.csv)
03 - 0.07 - r\"
0.06 -
E 0.6 ~ 0.05
- o 0.04
2044 g
= & 0.03 1
z g
024 0.02 -
0.01 -
0.0 N 0,00
460 660 BII)U lUIUO l2|00 l4|00 400 600 800 1000 1200 1400
Wavelength (nm) wavelength (nm)
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Outline of the talk

*In this talk we will cover:
 What are optical simulations?
« Why perform optical simulations?
« What you need for accurate optical simulations
» Optical spectra
» Refractive index data (n)
» Optical absorption data (k)
" The materials database
" Importing n/k data into the model.
« Setting up device structures
* Running optical simulations using OghmaNano.
* Light sources
» Output files
« Optical filter design task
 Summary

https://www.Oghma-Nano.com



Task: Designing optical filters
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> 4
| File | Simulation type  Editors  Automation Electrical Optical Thermal Databases Information Questions? Contact: roderick.mackenzie@oghma-nano.com About
— If you publish results generated with
L by | 4 LY } ¥ f %’Pa n OghmaNanoe in a paper, book or thesis you
o é - | 2 EE - must cite this paper: Modeling nongeminate
recombination in P3HT: PCBM solar cells, The Journal
~New § Open  Export  Run Fit to Optical Tut.als Followon  Subscribe — of phyical Chemistry C, 115, 9806--9813, 2011 and
simulation § sim...ion Zip simulation  experiment Simulation Twitter  on Youtube along with these two papers in your work.
Terminal  outpu

https://www.Oghma-Nano.com

*First make an optical
filter simulation.

*Then run the simulation
and examine the device
structure, the reflective
light and the transmitted
light.



It should bring up this window

Learning Probes scan explorer

Device structure Terminal Output Tutorials/Documentation
—
—

Layer
editor

=t

Contacts

U

Electrical
parameters

Emission
parameters

Substrate
xz-size

Xy yZz

|
XZ /5

fhome/rod/Desktop/fdfsfsdfsdf

File  Simulation type Editors | automation | Electrical Optical Thermal Databases Information Questions? Contact: roderick. mackenzie@oghma-nano.com About
A
Machine Edit Parameter  |son Script
Editor

https://www.Oghma-Nano.com




Open the layer editor to inspect the layers

Leamning Probes  scan  explorer

Device structure

Terminal Output

Layer
editor

Contacts

U

Electrical
parameters

A

Emission
parameters

File  simulation type Editors | aytomation | Electrical Optical Thermal Databases Information Questions? Contact: rederick.mackenzie@oghma-nano.com About
O® & <
Machine  Edit Parameter Json Script

Editor

Tutorials/Documentation

Layer name

https://www.Oghma-Nano.com

Sul b;trate ai r
x);s;ez layero
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L

S .
k. L]
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Click on the parameter scan window,

File  Simulation type

Editors

Automation | Electrical  Optical

Questions? Contact: roderick.mac| oghma-nano.com About

Machine  Edit
Learning Probeg

Device structure

Layer
editor

s

Contacts

v

Electrical
parameters

A

Emission
parameters

Substrate
xz-size

Xy yz
xz |H

Z +

Parameter
scan

Terminal

J/home/rod/Desktop/fdfsfsdfsdf

Json
=xplorer

Output

Tutorials/Documentation

'I

Script
Editor

https://www.Oghma-Nano.com

d .d Ag
o -_d
Delete  Clone Rename Clean

all

fhome/rod/Desktop/fdfsfsdfsdf,new

»

Run all
scans




Then make the scan window look like this:
And run the simulation

'& oghma A _ 0O %
|. simulations | About
Dl 4 | e
S | Pt comianon Notes

Commands Output
+ -9+ 83

Parameter to scan Values Opperation Var
epitaxy/layer0/dy of the object ... | 50e-9 100e-9 150e-9 200e-9 scan e
epitaxy/layerl/dy of the object ... | duplicate epitaxy/layer0/dy of the object v e
epitaxy/layer2/dy of the object ... | duplicate epitaxy/layer0/dy of the object v e
epitaxy/layer3/dy of the object ... |duplicate epitaxy/layer0/dy of the object e
epitaxy/layerd/dy of the object ... |duplicate epitaxy/layer0/dy of the object e
epitaxy/layer5/dy of the object ..o | duplicate epitaxy/layer0/dy of the object - le..
epitaxy/layeré/dy of the object ..o | duplicate epitaxy/layer0/dy of the object - le..
epitaxy/layer7/dy of the object o | duplicate epitaxy/layer0/dy of the object - e
epitaxy/layer8/dy of the object o | duplicate epitaxy/layer0/dy of the object e
epitaxy/layerg/dy of the object o | duplicate epitaxy/layer0/dy of the object e

/home/rod/Desktop/fdfsfsdfsdfinew)

https://www.Oghma-Nano.com



After it has finished

& oghma A _ 0O X

| Simulations | About

> 4 &=
j -~

Run Clean
scan imulation Notes
Commands Output

L

+ -9+ B3

Parameter to scan Values Opperation Var
epitaxy/layer0/dy of the object ... |50e-9 100e-9 150e-9 200e-9 scan v le..
epitaxy/layerl/dy of the object ... | duplicate epitaxy/layer0/dy of the object v e
(o] file (h i .Oghma-N > X
epitaxy/layer2/dy of the object ... | duplicate epitaxy/layer0/dy of the object v el |t el ot L -
epitaxy/flayer3/dy of the object ... | duplicate epitaxy/layerd/dy of the object - e " |4 |/homejrod/Desktop/fdfsfsdfsdfinew
epitaxy/layerd/dy of the object ... | duplicate epitaxy/layerd/dy of the object - e
epitaxy/flayer5/dy of the object ...  duplicate epitaxy/layer0/dy of the object - le.. | | | | | |
| | b
epitaxy/layer6/dy of the object ... | duplicate epitaxy/layer0/dy of the object v |e.. 100e-9 150e-9 50e-9 flat_list.inp
epitaxy/layer7/dy of the object ...  duplicate epitaxy/layer0/dy of the object - le..
epitaxy/layer8/dy of the object ... | duplicate epitaxy/layer0/dy of the object - e,
epitaxy/layerg/dy of the object ... | duplicate epitaxy/layer0/dy of the object - e,
fhome/rod/Desktop/fdfsfsdfsdfinew)

https://www.Oghma-Nano.com



Then examine these files

Open file (https:/fwww.Oghma-Nano.com) ~ X

'ﬁ . fhome/rod/Desktop/fdfsfsdfsdfinew/200e-9

Iy
IIIIII | e o —
— (I
Optical filter aabb.csv cache device.dat gmon.out  light stats.json optical output
ptical snapshot Jreflect.csv scan.inp sim_info.dat [ transmit.cswv
S———

https://www.Oghma-Nano.com



They should look like this:

Wavelength - Reflected light

1.0~

0.8
0.6
0.4 1
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a0 4 Nu’.l’ \ww 100 x 1072
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T T T T T T
400 600 800 1000 1200 1400
Wavelength (nm) 200 x 1072

Wavelength - Transmitted light

1.0 —
- Yy )
=
& 0.8 M \
—
A=
2 0.6-
b
£ 0.4-
£
uw
c 0.2 — 50 x 1077
|: — -9
0.0+ T : _I T T — T T 100 x 10_9
400 600 800 1000 1200 1400 1= 150 x10
Wavelength (nm) 200 x 107°
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Now your go: @

By changing the refractive index and the layer thicknesses try to make the
filter transmit light between 500-700 nm and reflect light at 500-700 nm .

https://www.Oghma-Nano.com



Outline of the talk

*In this talk we will cover:
« What are optical simulations?
* Why perform optical simulations?
« What you need for accurate optical simulations
» Optical spectra
» Refractive index data (n)
» Optical absorption data (k)
" The materials database
" Importing n/k data into the model.
» Setting up device structures
* Running optical simulations using gpvdm
» Light sources
 Output
« Summary

https://www.Oghma-Nano.com
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