Overview

*What is gpvdm/theoretical overview?
*Installing gpvdm
*Running simple simulations
*Your first gpvdm simulation
*Changing electrical parameters

*Optical simulations and the materials database

*Perovskite solar cells and time domain simulations

*OFET simulations and finite difference meshing.

*Editing the device structure using the layer editor

*Meshing and dumping

https://www.gpvdm.com
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Make a new OFET simulation

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

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

File ’ Home Simulations Configure Databases Information F.

o £ = Which type of device would you like to simulate?
New Open Export
simulation imulation data

Information é Organic solar cell (p3htpcbm.gpvdm)
General-purpose photovoltaic device model

ISP NI NI AN NN PN NN AR RN AN AR AN AR AN RN RN AN RN A

Perovskite solar cell (perovskite.gpvdm)

https://www.gpvdm.com

. . . . . . a-Si solar cell (a-silicon.gpvdm)
To make a new simulation click New Simulation in the men . *

open an existing simulation select Open simulation.
= Organic bi-layer device (bilayer.gpvdm)
There is more help on the man pages.
Please report bugs to: roderick.mackenzie@nottingham.ac

* OFET (ofet.gpvdm)
Follow the gpvdm project: —

Youtube Twitter i -
9 Youtube gl Twitter

/home/rod/t/gpvdm5.0/gui
) Show hidden \ Cancel ‘ Next \

*This will use a 2D solver instead of the 1D solver.
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This will create a new 2D simulation

About

File ‘ Home ‘ Simulations Configure Databases Information

’ l ! ,é@ 'E g Light intensity (Suns): ‘\J

Stop Parameter Fit Plot 0.0 - -
simulation scan data File - P

Terminal _ output

Undo Run simulation

Wavelengths:

Xy Yz Xz 4 % -

Layer
editor
+—
-
Contacts
’1 ]

Doping/

lons

i

Parasitic
components

Wl

Electrical
parameters

l-

XZ-slZe

/home/rod/Desktop/ofet

https://www.gpvdm.com

*Notice the
contacts
which are 2D
structures.
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Adding another electrically active layer

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

‘ File ‘ Home Simulations Configure Databases Information About

" & — W

New Open Export Hel
simulation  simulation data P
Terminal  Output
Wavelengths:

Xy yZ Xz 4+ %

Contacts

+
: al 4e-08 metal/al ... |contact v
Doping/ = o
lons
smaN_ molecules/c60 l ”active laye =
@i - metal/al .. contact ¥
Parasitic

components

U

Electrical
parameters

l.

XZ-size

/home/rod/Desktop/ofet

https://www.gpvdm.com

®

*Click on the
layer editor and
then the +.

*Use the up
and down
arrows to move
the layer to the
correct place.
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Take a look at the electrical mesh to make @
sure It adds up to the width/height.

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

‘ About ‘

Databases Information

File Home Simulations J [ Configure

Electrical
mesh

Data dump
Device structure Termina Output ‘

Configure J——

Bes Electrical Mesh Editor - (https://www.gpvdm.com)

1D 2D 3D *

Layer
editor

-1 X
_—

<
|

%I:

Contacts

P-— 0.0034641  10.0 1.0 [ left 3e-07 10.0 1.0 [ left

Doping/
lons

i~

Parasitic
components

Wl

Electrical
parameters ° ° o o o ° ° ° ° ° °

J(.
o

. T T T T T T
Xz-size 0.5 1.0 15 2.0 25 3.0 50
Thickness (mm)

T T T T
100 150 200 250
Thickness (nm)

/home/rod/Desktop.

*This values should have updated so that the
mesh matches the width of the active layers. 65
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Let’'s now look at the contacts

* w“\\“\“\“; urpc e Photovoltaic Device Moc ““H\H;l‘1“““\“‘“\““\““ pvarm om)
Fite Home ‘ Simulations Configure Databases Information About
’ ” A 17 L Suns) .
{? | ‘ _‘!H_’ ight intensity (Suns): o~y
Undo  Runsimulaion P Parameter _Flt Plot 0.0 = Help
simulation scan data File
Temninal  Output
— Wavelengths:
= Xy yz xz 4 % .
Layer
editor -— Edit contacts (www.c pvdm.com)
-—
=
Contacts
-
top top ~ |false ~ | 0.0 0.001 0.0 -1.0
Doping/ . - - -
lons top2 top = [false « |0.002 0.001 0.0 0.0
bottom bottom v |true - 0.0 0.0034641 5e-08 0.0
Parasitic
components
Electrical
parameters
v
/home/rod/Desktop/ofet

https://www.gpvdm.com




The human readable name of the contact, you @
can call them what you want.

—— Edit contacts (www.gpvdm.com)
IF-. .
v
¥ 5 @
top top v |false v 0.0 0.001 0.0 -1.0
top2 top ¥ [false » | 0.002 0.001 0.0 0.0
bottom bottom v |true +* (0.0 0.0034641 | 5e-08 0.0

al

p3htpchm (active)

C60 (active)
layer2

https://www.gpvdm.com



s the contact at the top or bottom of the @

device.

foy

top top
top2 top
bottom bottom

e
Fdit «

- |false
* |false

¥ |true

ontacts (www.gpvdm.ce

« (0.0
« |0.002

- |[0.0

ym )

0.001
0.001
0.0034641

0.0 -1.0
0.0 0.0
5e-08 0.0

al

p3htpchm (active)

https://www.gpvdm.com

C60 (active)
layer2




The contact to which the voltage @
ramp/transient/frequency pulse is applied.

;
o T . - P )
i Edit fontacts (www.g pvi im.com)

R @ e

top top * false + 0.0 0.001 0.0 -1.0
top2 top ¥ |false » | 0.002 0.001 0.0 0.0
bottom bottom ¥ |true - (0.0 0.0034841 5e-08 0.0

al

p3htpchm (active)

C60 (active)
layer2

https://www.gpvdm.com



Start of the contact from the left of the @
device In meters.

,
o . . = s \
i Edit contacts (www.gpvdm.com)

I * Oy o

top top * (False + 0.0 0.001 0.0 -1.0
top2 top * (false - |0.002 0.001 0.0 0.0
bottom bottom ¥ |true - (0.0 0.0034641 5e-08 0.0

al

p3htpchm (active)

C60 (active)
layer2

https://www.gpvdm.com



Width of the contact In meters

.
— Edit contacts (www.gpvdm.com)

4 = + Oy o

top top ¥ |false + (0.0 0.001 0.0 -1.0
top2 top ¥ |false « | 0.002 0.001 0.0 0.0
bottom bottom - |true « (0.0 0.0034841 5e-08 0.0

al

p3htpchm (active)

C60 (active)
layer2

https://www.gpvdm.com



The voltage applied to the contact. @

4 g [ - - ETTET e W )
Edit contacts (www.gpvdm.com)

top top * (False | 0.0 0.001 0.0 -1.0
top2 top v |false « | 0.002 0.001 0.0 0.0
bottom bottom ¥ |true « (0.0 0.0034641 5e-08 0.0
: : : al
*So In this case we are applying -1V g Shibcbm Goiive)
- 3htpcbm (active
to top, OV to top2 and applying a PP
voltage ramp to bottom — as we are El |C6° ;ac“"e)
‘ | ayer

in JV simulation mode.

https://www.gpvdm.com



Run the simulation..., by clicking on the play
button.

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

File Home . Simulations Configure Databases Information Al ‘ About ‘
’ I‘I & 'Lg‘_‘ §I @Z Light intensity (Suns):
Undo Run simulation| . St°P Parameter Fit Plot ‘ 0.0 - Help

simulation scan data File

levice structur Terminal

. charge.dat charge_tot.daff contactO_i.dat contactl_i.dat contact2_i.dat jconverge.dat dosQ.inp.chk dosO_dosn.dat dosO_dosp.dat
L L L
| : W E B N -
dosl.inp.chk dosl_dosn.datdosl_dosp.dat dynamic  dynamic_Rn_irdynamic_Rp_ir equilibrium iv.dat jv.dat jv_avg.dat
b b B B
A = | B B B =
jv_internal.dat k.dat light_dump lj.dat log.dat lv.dat measure_jv.dat measure_outpt  pl0.inp.chk plLlinp.chk
| I
plot sim.gpvdm  sim_info.dat  snapshots solver spectra tconverge.dat

/home/rod/Desktop/ofet

*Then let’s look at the output.
73
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Current in/out of the contacts and the gate
current..

®

Voltage - Current (top2)

Voltage - Current (top)

0.00000 4
—0.00005 -
0.0030 - :
|
= 0.0025 . —0.00010 +
- :
<E 0.0020 . —0.00015 A
2 '
2 00015 i —0.00020
£ 0.0010 i
¥ 1 —0.00025
0.0005
—0.00030 -
0.0000{ _* : ; . . . T
-0.2 0.0 0.2 0.4 0.6 0.8 . ' 02 0.4 0.6 08 10
Voltage (V) Voltage (V)

*Current going into *Gate current much
left contact (+), smaller than

current coming out source/drain
of the right i therefore

C60/ (active)

contact(-). jayer2 amplification.

vltage - Current (bottom)

0.00012 4
0.00010 A
~
-~ 0.00008 +

0.00006 +

0.00004 +

Current (A m™

0.00002 4

0.00000 4

T T T T T T T
-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Voltage (V) ; 74

= contact2?_i.dat

https://www.gpvdm.com

= contactl i.¢



Using the snapshot tool to view what is

going on in 2D during the simulation.

E 34 General-purpose Photovoltaic Device Model (https://www.gpvdm.com)
‘ File ‘ Home { Simulations Configure Databases Information ‘ ‘ About ‘
’ I I & 'M ?[£ Light intensity (Suns): O
E v
Undo Run simulation sirrfJGfion Par:cn;ster dl;itta '::ll?et ‘0'0 ‘ - ‘ Lee

‘ levice structur

Terminal ‘

—

L
charge_tot.dat contactO_i.dat contactO_i.oplccontactl_i.dat contactl_i.opl

*Click play in the snapshot
window and select phi.dat, to
view how the potential changes

within the device.

N L ]
. charge.dat
s H
Ol Examine simulation results in time domain
contact2_i.dat contact2_i.oplc converge.dat dos0.inf —
Plot ‘ File Color Scale Math F
\ | -— n
(R— - A e = & >
dosl_dosn.dat dosl_dosp,dat dynamic dynamic_ Refresh graph Home Back  Forward Pan Zoom  Subplots  Customize Save Play
L L. L= - . .
l/f L/‘ l Position - Potential V=-0.18 time=0.0 fs
jv.dat jv_avg.dat jv_internal.dat k.da
16
— 14
12
1.0
0.8
0.6
i i 07
lv.dat measure_jv.dat measure_outpt  plO.inp, o
300
l![!"!! \ 500009900g
— ) R BS99 S50000800000 o %0
sim_info.dat § snapshots solver spect
/home/rod/Desktop/ofet
-
1
File phi.dat v

https://www.gpvdm.com



