Editing and scanning electrical parameters in
OghmaNano




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@durham.ac.uk

https://www.oghma-nano.com


http://www.oghma-nano.com/download.php
mailto:roderick.mackenzie@durham.ac.uk

Overview

*Making a new simulation
*Defining device layers
*Editing the electrical parameters of a material

*Systematically varying electrical parameters over a range and plotting the
results.

https://www.oghma-nano.com



Your first OghmaNano simulation

*Click on New simulation, in the file menu.

h

L 4

Organic and hybrid Material Nano Simulation tool (https:/www.0ghma-Nano.com)

File ‘ Simulation type  Simulation Editors  Electrical ~ Optical ~ Thermal  Databases Questions? Contact: roderick.mackenzie@durham.ac.uk

About

. » £>» .; *® (Y (@

Organic and hybrid Material Nano Simulation too
www.Oghma-Nano.com

To make a new simulation click New Simulation in the menu or to ope
simulation select Open simulation.

New simulation (https:/www.0Oghma-Nano.com)

Which type of device would you like to simulate?

CIGS
Solar cell

< B

Documentation and tutorials can be found here.
Follow updates on Twitter and watch tutorials on Youtube:

,Twitter u Youtube

If you have questions or require assistance contact Dr. Mackenzie via e
roderick.mackenzie@durham.ac.uk.

Please consider joining the OghmaNano translation project: Translation
OghmaNano to be accessible to as many people as possible in their nat
language.

Feature requests/collaboration

If OghmaNano can't do exactly what you want it to do, then | am in gen
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*Save it somewhere but not in the install directory.
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You should get this window.

File Simulation type Simulation Editors Electrical Optical Thermal Databases Infermation Questions? Contact: roderick.mackenzie@durham.ac.uk About

" ' If you publish results generated with gvpdm in
Ly — ’ - i =Y © a paper, book or thesis you must cite this
-] é 'éJ "ﬁi = paper: Modeling nongeminate recombination in
New Open Export Run Parameter Fit to Optical Machine Edit P3HT: PCBM solar cells. The Journal of Physical Script

simulation sim...ien Zip simulation scan experimental data Simulatien  Learning Probes Chemistry C, 115, 98069813, 2011 and along with Editor
these two papers in your work.

Device structure Terminal Output Tutorials/Documentation
—
—
Layer

editor

i

Contacts

v

Electrical
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A

Emission
parameters
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xz-size
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|
XZ 4o

J/home/frod/eghmajoghmas.o

Click the play button

https://www.oghma-nano.com



Examining the results

<« m |

calibrate charge.dat
| |
= =1 [
dynamic_Rn_irdynamic_Rp_ir equilibrium
lj.dat log.dat lv.dat
U e e
I— I—
snapshots solver spectra

/home/rod/Desktop/new_simulation

[E—
charge_tot.dat converge.dat dosO.inp.chk dosO_dosn.datdosO_dosp.dat  dynamic
b N N N
L~ L~ L~ LA | '
[
iv.dat jv—avg.dat  jv_intern(, ;

measure_jv.dat measure_outpt

tconverge.dat

=

plO.inp.chk

e General-purpose Photovoltaic Device Model (https:/www.gpvdm.com)
File | Home | Simulations Configure Databases Information About D : u b I E C I i C k : n
’ I I & "ig 2 f /é’z % Light intensity (Suns): . )
Undo Run simulation ) Stopl Parameter Fit Pllot Examlne resullts 1.0 - Help -
simulation scan data File in time domain -
levice structur Terminal
b,

curve generated by
the model.

plot

https://www.oghma-nano.com

Current density - Applied voltage - www.gpvdm.com
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Overview

*Making a new simulation
‘Defining device layers
*Editing the electrical parameters of a material

*Systematically varying electrical parameters over a range and plotting the
results.

https://www.oghma-nano.com



The layer editor to change the structure of the cell

* —
| il | Simulation type  Simulation Editors Electrical  Optical ~ Thermal  Databases Infor ‘Questions? Contact: rof
B3 A
— n ' . If you pu k. L]}
= Ly oo N - ; s a paper,
46 ﬁ - ’ '& g —— © @ paper: M
N . P3HT: PCH
New Open Export Run Parameter Fit to Optical Machine Edit . =
; ; ; ; B ; Chemistry - . - Solve optical 5olve therma
simulation  sim...ion Zip simulation scan experimental data Simulation  Learning Probes th b Laver name Thicknes (m Optical material Laver t e ID
e Y (m) P yer typ problem problem
Terminal Output Tutorials/Documentation . .
ITo le-07 .. | oxides/ito contact - Yes * | Yes ¥ |e...
PEDOT:PSS le-07 ... | polymers/pedotpss other * Yes * | Yes -

P3HT:PCBM

2.2e-07 blends/p3htpcbm active layer = Yes * | Yes v

: Imetal.fal contact * Yes * | Yes i !

Contacts

u

Electrical
parameters

A

Emission
parameters

Substrate
xz-size

Xy yz

(/|
XZ o

J/home/rod/oghma/oghmas.0

https://www.oghma-nano.com




The layer editor ®

— Layer editor (https://www.0ghma-Nano.com) A —_ O %
L
T = J\} /Ig
. . - Solve optical 5olve therma
Layer name Thicknes (m) Optical material Layer type problem problem 1D
ITO 1le-07 ... | oxidesfito contact * Yes * | Yes v le..
PEDOT:PSS 1le-07 ... | polymers/pedotpss other * Yes * | Yes
P3HT:PCEM 2.2e-07 ... | blends/p3htpcbm active layer = Yes * | Yes ..
ER - anos el <[

-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.

Layer type: Can be contact, other or active.

https://www.oghma-nano.com



The layer editor

B

Layer type Description

active The electrical model is solved over these
layers, each layer gets it's own set of
electrical parameters.

other No electrical equations are solved in these
layers.
contact These layers are used to define the

electrical contacts, no electrical equations
are solved in the layers.

https://www.oghma-nano.com

Electrical
Equations
solved

Yes

NO

NO

Optical
Equations
solved.

Yes

Yes

Yes
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Overview

*Making a new simulation
*Defining device layers
*Editing the electrical parameters of a material

*Systematically varying electrical parameters over a range and plotting the
results.

https://www.oghma-nano.com
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Editing the electrical parameters of a material

.
| *Click on the
ile | Simulationtype  Simulation Editors  Electrical ~ Optical ~ Thermal  Databases  Infor ‘@uestions? Contact: roderick.mackenzie@durham.ac.uk About
N If you publish results generated with gvpdm in -
| ». £22N } -é - T f f\—p\-, @ a paper, book or thesis you must cite this [ o eCtrlca aral I Ieter
-] i”)f - ’%? r H paper: Modeling nongeminate recombination in

" : P3HT: PCBM solar cells, The Journal of Physical .
New Open Export Run Parameter Fit to Optical Machine Edit Chemistry C, 115, 98068813, 2011 and along with Eélr;g:

simulation sim...ion Zip simulation scan experimental data Simulation  Learning Probes -
these two papers in your work. e Ito r u n e r t e
Terminal Qutput Tuterials/Documentation 1
devi tructure
tab.

Layer
editor

u

Electrical
parameters

A

Emission
parameters

Substrate
Xz-size

Xy yz
Xz HH

/home/red/oghmajoghmas.o
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This is the electrical parameter window

W XKL o ou

Enable Enable | Dynamic Equilibrium BT Excited
Drift Diff. | Auger | SRH traps SRH traps states

P3HT:PCEM

Free carriers

Electron maobility 2.48e-07
Hole mobility 2.48e-07

Effective density of free electron states (@300K) |1.28e27

Non-equilibrium SRH traps

Dos distribution [ Exponential

Electron trap density 3.8e26
Hole trap density 1.45e25
Electron tail slope 0.04
Hole tail slope 0.06

- Electrical parameter editor (https:/fwww.0ghma-Nano.com)

Effective density of free hole states (@300K) 2.86e25
Niee tO Prree Recombination rate constant 0.0
Free carrier statistics Maxwell Boltzmann - analytic

Symmetric -

Symmetric -

Configure

m s

meYs”

m3 ev?!
m? ev?
ey

el

Help

*Here you can edit the electrical parameters of the electrically active layers. Each

electrically active layer will get a new tab here.

https://www.oghma-nano.com
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Editing an electrical parameter...the trap density....

B

“‘3nX*K.+

Enable | Enable | Dynamic Equilibrium
Drift Diff. | Auger | SRH traps SRH traps

P3HT:PCEM

Free carriers

Electron mobility

Hole mobility

Effective density of free hole states (@300K)
Niee tO Prree Recombination rate constant

Free carrier statistics
Non-equilibrium SRH traps
DoS distribution

k- Electrical par:

editor (https://www.Oghma-Nan

gu

Excitons

2.48e-07

2.48e-07

Effective density of free electron states (@300K) |1.28e27

2.86e25

0.0

Maxwell Boltzmann - ana

[ 1 Exponential

lytic

com)

Symmetric -

Symmetric =

~

- O X

8 @

Configure

Electron trap densit

Hole trap density

3.8e26

Electron tail slope

Hole tail slope

0.04

0.06

Help

b) Now re-plot the JV curve (jv.dat), also find the (sim_info.dat) file,
double click on it and find the power conversion efficiency.

https://www.oghma-nano.com

a) Make the
density of trap
state symmetric
at 1x10**m™
and rerun the
simulation.

File | Home | Simulations




You should have results which look a bit like this:

jv.dat:

y=1693.55

L] Current density - Applied voltage - www.gpvdm.com
‘ Plot ‘ File  Color  Scale  Math
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sim_info.dat:

simulation information (www.gpvdm.com)

Simulation Information

Fill factor

Power conversion efficiency
Max power

Voc

Recombination time constant at Voc
Recombination rate at Voc
Average carrier density at Pra
Recombination time constant
Trapped electrons at Voc
Trapped holes at Voc

Free electrons at Voc

Free holes at Voc

Jsc

Total carriers (n+p)/2 at Voc

0.801681
6.317818
63.178183
0.697817
6.033818e-04
2.053384e+26
2.597280e+22
1.782948e-03
1.868796e+20
6.739736e+21
9.096213e+22
9.051892e+22
-1.129337e+02
1.817027e+23

a.u
Percent

Watts

Am™

m2

=
ol




Overview

*Making a new simulation
*Defining device layers
*Editing the electrical parameters of a material

*Systematically varying electrical parameters over a range and plotting the
results.

https://www.oghma-nano.com

16



Varying a parameter many times using the Parameter Scan, @
window.

*Often we want to change a
_ we w
File | Simulation type Simulation Editors Electrical Optical ~ Thermal  Databases (s |yl (SRl o e s e el G B L
. . .
If you publish results generated with gvpdm in SII I Iulatlon paral I Ieter Several tII I leS
B f = © a paper, book or thesis you must cite this P
= 5 paper: Modeling nongeminate recombination in

- . . P3HT: PCBM solar cells, The Journal of Physical .
to understand how a parameter
experimental data  Simulation  Learning Probes Chemistry C, 115, 9806--9813, 2011 and along with Editor
these two papers in your work.
.
affects a device.

*To do this, use the Parameter
Scan tool

aaaaaaaaa
ers
xz-size

Xy yz

Xz HH

/home/rod/oghmajoghmag.0

Click on the parameter scan tool

https://www.oghma-nano.com
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The parameter scan window

B

https://www.oghma-nano.com

£y Parameter scan (https://www.0ghma-Nano.com) A _ O X
*Click on the
4 Af @ » ) New scan to
B generate a new
parameter scan.
_Ia MNew simulation name:

18



The parameter scan window

Parameter scan (https://www.0ghma-Nano.com)

A - O X
‘.Scan]

About
j | T+ ) Ab -? »

@
New Clean  Run all Hel
scan all scans P

& oghma A - O X
scanl ‘ Simulations | About
4
5| = - =Y
» P & =
T
Run Clean
scan (et simulation Motes
__Com mands Output
.
+ -9 483
Parameter to change Values

Opperation

/home/rod/oghmafoghma8.0/scanl(scan0.inp)
https://www.oghma-nano.com




A new line should appear...

£y oghma A - O X . . .
R *Add a new line by clicking the +
| Simulatiens | About

> d 7 o= button.
:cl:la: Gk simula:ion [EfEs)
oghma s |
| e F @ /@ | Simulations | About
= >

L o » 1o _? p

Parameter to change Values “‘Vé ‘J 'a -

:cl;r:\ Eok sinsb?:gon [tz
+ -4 4
Values Opperation

/homejrodfoghma/oghma8.0/scanl(scan0.inp)

Parameter to change
Select parameter ./ 0.00.0

https://www.oghma-nano.com

fhomefrod/eghmafoghmag.0/scanl(scan0.inp)

scan

20



A new line should appear...

5

-.&' oghma S = 4
| Simulations ‘ About
» iy 4 F s=
PO iion Notes
+ -4 3

Values Opperation

DI 0.0 scan

I Select parameter

Click on the “...” icon, expand the tree as shown,
select ‘Hole trap density’ and click OK.

*Then select epitaxy/P3HT:PCBM/Drift
diffusion/Electron trap density

https://www.oghma-nano.com

o Select simulation parameter. (https://www.0ghma-Nano.com) A - O X

w Effective density of free hole states ...~
wn_{free} to p_{free} Recombinatio...
« Free carrier statistics
wss srh_enabled
(x) n_{ 1}
wp_{1}
wtau {n}
wtau_{p}
= DoS distribution
» @ complex_lumo

w» Hole trap density

w Electron tail slope

» Hole tail slope

w Perovskite ion density

viimnn ranhilitoe

ca nce'

21



The parameter scan window...

| Simulations |

oghma

A~ _ O X

About

Clean
simulation

g
I i Q =
—_
Run
scan

Plot Motes
+ =9

Parameter to change

QOutput

Values

Opperation

epitaxy/P3HT:PCBM/Drift diffusion/Electron mobility y

A

This shows the parameter
which will be edited.

https://www.oghma-nano.com

-

Enter these (1e24
1e25 1e26) values in
here. They are the trap
densities we are going
to scan over (units are
m=eV?)

.

This selects the
operation which will be
performed. (more
explained later)

22



But we want to simulate a symmetric device (where Q
Ntraph=Ntrape)...

ér oghma A — O X
| Simulations | About
3 == ‘h? e
» s &=
v
Run Clean
scan iz simulation e
L
+ -9+ 83
Parameter to change Values Opperatior
epitaxy/P3HT:PCBM/Drift diffusion/Electron trap density I le24 1e25 1e26 scan
epitaxy/P3HT:PCBM/Drift diffusion/Hole trap density ... 0.0 0.0 scan

So using the ‘+’ button add another row and then using the ‘..." buttons
make it look like the above..

23
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But we want to simulate a symmetric device (where
Ntraph=Ntrape)...

B

Simulations |

oghma ~

— O x

About

1o “‘?

Clean
simulation

»

Run
scan

+ -9 283

Fo--.%
|

L=

v
Plot Notes

QOutput

Parameter to change Values Opperation

epitaxy/P3HT:PCBM/Drift diffusion/Electron trap density ... | 1224 1e25 1226 scan

I epitaxy/P3HT:PCBM/Drift diffusion/Electron trap density ~

/

*Then from this menu select, ‘epitaxy/P3HT:PCBM/dos/Electron trap density’.

epitaxy/P3HT:PCBM/Drift diffusion/Hole trap density

*This means that the values for Hole trap density will follow that of the Electron trap density.

*Now click ‘Run scan’...., it will run the simulations in parallel across all cores of your CPU.

https://www.oghma-nano.com
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Plotting the results.

.ér oghma A - O X
| Simulations | About
| & =
4 |
Clean
imulation (e

+ -9+ 83
/home/rod/oghmafoghmas.0/scanl

Parameter to change
epitaxy/P3HT:PCBM/Drift diffusion/Electron trap density = I_‘ ‘_I ‘_I

epitaxy/P3HT:PCBM/Drift diffusion/Hole trap density

Open file (https://www.0Oghma-Nano.com) A X

-Lg_ Current density - Applied voltage (htops:/fwww.0ghma-Nano.com) A - O %

‘ Plot ‘ Color Scale Math

TRED PQ = WV

Home Pan Zoom Subplots Customize

*Click plot, and plot the file
scanl/le24/jv.dat. Curtent density - Applied vltage

*All jv.dat curves will be
plotted from the simulation : | ——
tree. ey [ o

25
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Overview

*Making a new simulation
*Defining device layers
*Editing the electrical parameters of a material

*Systematically varying electrical parameters over a range and plotting the
results.

https://www.oghma-nano.com

26



	Title
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

