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Specifying a New Problem in SILENSe:
Simulation of InGaN MQW LED Heterostructure
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Creating a new project for InGaN MQW heterostructure

This tutorial shows how to create a new project similar to ‘MQW-example’ supplied with the software, specify
all necessary input data, run simulations, and prepare input data for SpeCLED. It includes the following
steps:

Step 1: Choosing material data and creating new project

Step 2: Specification of the heterostructure layers

Step 3: Specification of global parameters (like temperature)

Step 4: Simulation of the band diagram, carrier concentration, carrier transport; inspecting results
Step 5: Simulation of carrier energy levels, wave functions, and emission spectrum; inspecting results

Step 6 (optional): Preparing input data for SpeCLED
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Step 1: Creating a new project

F- SILENSe 6.3 Laser Edition : - O X 1. Open SiLENSe and press
Heterostructure Material properties Run Export Tools Window Help NeW button from the toolbar.

A modal window appears where
the user is prompted to browse
a database file (*.matprop) with
Import material properties to new project materials properties'

Select database file : 2?3 Wurlzite.matprop

C:\Pragram Files (xB6)A\STR IP Holding\SILENSe B.3%Wurtzite. matpro. [ ® =
| I u ‘ILENSE 6 3 =] ZincBlende.matprop
| [= Browse ... =

Listof allogs - 2. Choose wurtzite database

+ AlinGak - .aser Edition supplied with SILENSe. It

includes properties of AllnGaN
alloy and 3 materials which can

TR GTOUD be used as a substrate

ww.str-soft.com (sapphire, SiC-6H, and SiC-4H).
e muled-support@str-soft.com Lists of available materials and
< AN : alloys shows data contained in
o the chosen database file. Green
+ Sapphire mark and red cross indicate
v e good and insufficient data.

3. Press OK to create the
project.

v ok | X cancel |

SILENSe comes with two databases of material properties, Wurtzite and ZincBlende. The user can edit the data
contained in these databases using a separate Properties Editor (ProEdit.exe) and create new custom *.matprop files.
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Step1 (Continued): Materials vs. Alloys in SILENSe datahase

- SILENSe 6.3 Laser Edition : Untitled — O x
Eile Heterostructure Material properties Run Export TJools Window Help
n|elal ofw|O| 2|2|os
Heterostructure | Global parameters Materials properties | Results | Spectrum | Laser parameters | Waveguide ] PL parameters |

Materials parameters

Alloys Material name [AIN j Symmetry |Wurtzite -
InN ~
Property UGaN
Sapphire
Ionizat SiC-6H
onization energy SiC4H

Energy gap (T =0K) ev B.259

Varshni parameter a meV /K 2.45

Varshni parameter b K 2080

Crystal-field splitting (Delta 1) ev 0,22

Spin-orbital splitting (Delta 2) eV 0.0065

Spin-orbital splitting (Delta 3) eV 0.0065

Dielectric constant - 8.9

Electron effective mass along axis a mo0 SPar (0.3414)

Electron effective mass along axis ¢ mo0 SPar (0.3339)

Heavy hole effective mass along axis a mo0 &Par (7.6923)

Heavy hole effective mass along axis ¢ mo0 SPar (3.125)

Light hole effective mass along axis a mo0 SPar (0.3584)

Light hole effective mass along axis ¢ mo $Par (3.125)

Split-off hole effective mass along axis a mo0 SPar (3.2258)

Split-off hole effective mass along axis c mo0 SPar (0.2506) v

In specification of materials properties, SILENSe distinguishes between materials of fixed composition (like GaN, AIN,
and InN) and their alloys where composition may be continuously varied with one or more degree of freedom (like
ALGa; N, In,Ga, N, Al,In,Ga, ., \N). There are 3 options to specify how properties of an alloy are calculated for a certain
composition: (i) linear interpolation + bowing, (ii) built-in parameterization, and (iii) custom user-defined function.
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Step1 (Continued): Inspecting material properties

1. Open Materials Properties tab for
read-only inspection of the properties
\ 3. Select the desired material or ~ For allovs. there will also be
alloy from the drop-down menu ' ys, .
§- SILENSe 6.3 Laser Edition: Untitled a group of columns containing | x
File Heterostructure Material properties ot Jools Window Help the bOWing parameters (See
Dl | D | E S\ /ﬁ: G the next page)
Heterostructure I Global parameters "ﬂﬂliﬂglﬂlpﬁﬂiﬂ* I Results | Spectrum | Las //amelers | Waveguide | PL parameters I \
Lliatcrials parametcts
I
Alloys | Materials | Matenal name |f; A - Symmetry |\H‘uﬂzite vl
A W\
Property / Unit AN InN GaN Type AlInN AlGal InGaN
Tonization energy /o ev 7.22 5.75 6.54 Bowing e s
|Eneray gap (T =0 K) / \ ev 6.254 0.685 3,505 Bowing 4.8 0.5 2.5
|varshni parameter a / \ meV/K 2.45 0.46 0.87 Bowing 0 0 0
B ’ . K 2080 640 790 Bowing 0 0 0
2. Choose between materials v o2 0.027 0.01 Bowing 0.25 0.25 0
and alloys by switching to the ev 0.0065 0.0048 0.0055 Bowing 0 0 0
respective tab ev / 0.0065 0.0048 0.006 Bowing 0
_ 8.9 14.4 10.4 Bowing 1]
Iﬂecum effective mass along axis a /ﬁ $Par (0.3414) $Par (0.0660) $Par (0.2090) $Parameterization
|Electron effective mass along axis ¢ mo $Par (0.3339) $Par (0.0650) $Par (0.1860) || [l $Parameterization
Illeaw hole effective mass along axis a /[ mo $Par (7.6923) $Par (1.6949) $Par (1.8868) §Parameterization - - - v
~
4. View the properties of \
selected material or a group .
of materials forming the alloy 5. $Par (parameterization) marks the 6. This column shows how
characteristics derived from some other properties of the alloy are
material properties via theoretical expression. calculated (see comment on
The resulting value is shown in the brackets previous slide)
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== _Step 1 (Continued): Bowing parameters and parameterization

- SILENSe 6.3 Laser Edition : Untitled - O X
Eile Heterostructure Material properties Run Export Jools Window Help
=@ w0 B|0]|D |
- - Bowing parameters
Heterostructure | Global parameters Materials properties I Results | Spectrum | Laser parameters | Waveguide | PL parameters |
—Materials parameters
Alloys I Materials ‘ Material name W 'I Symmetry |\lu‘unzite vl
A |
Interpolati Bowing Bowing Bowing ~
Property Unit AN InN GaN Type AlInN AlGal InGaN
Ionization energy eV 7.22 5.75 6.54 Bowing -1.5 0 0
Energy gap (T = 0K) ev 6.254 0.685 3.505 Bowing 4.8 0.5 2.5
Varshni parameter a meV/K 2,45 0.46 0.87 Bowing 0 0 0
Varshni parameter b K 2080 640 790 Bowing 0 0 0
Crystal-field splitting (Delta 1) ev 0.22 0.027 0.01 Bowing 0.25 0.25 0
Spin-orbital splitting (Delta 2) ev 0.0065 0.0048 0.0055 Bowing 0 0 0
Spin-orbital splitting (Delta 3) ev 0.0065 0.0048 0.006 Bowing 0 0 0
Dielectric constant - 8.9 14.4 10.4 i 0 0 0
Electron effective mass along axis a m0 §Par (0.3414) SPar (0.0660) $Par (0.2090 $Parameterization - -
Electron effective mass along axis c mo SPar (0.3339) SPar (0.0650) $Par (0. 18 $Parameterization
Heavy hole effective mass along axis a m0 SPar (7.6923) SPar (1.6949) $Par (1.8868 $Parameterization 7

By default, most properties have bowing interpolation type with zero bowing parameters, that means that linear interpolation

is used to calculate the property for alloy of given composition. compared to the linear interpolation. Positive bowing means
decreasing of the property

It is assumed that user does not need to change properties during everyday work. Instead, it is recommended to work with
the same chosen set of material properties for all simulations for self-consistency of the whole research project. When
necessary, editing of materials properties to be done with Properties Editor tool (PropEdit.exe) which is not discussed in
this tutorial. One can update materials properties by using Materials Properties->Import menu item.

Parameterization interpolation type for alloy means that the property is calculated in two steps: (i) parameters (i.e. some
other material properties) involved in the parametrization equation are calculated according to the alloy composion and then
(i) the property is calculated with the equation and values of parameters calculated at step (i).
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Step 2: Adding heterostructure layers

- SiLENSe 6.3 Laser Edition : Untitled — O x
File Heterostructure Material properties Run Export Tools B SILENSe 6.3 Laser Edition: Untitled
. o~ File Heterostructure Material properties Run Export Tools Win
L] ﬁ =) DQ —_ —
(0| O BB |DO|~F
lobal b Materials ti R - s ;
@l parameters I cnals properies I iH | Global parameters I Materials properties I Results
e Thickness, nm N =
End Middle
AIN Materials > [
InN )
GaN alternative way
Sapphire
SiC-6H Dopant concentration [cm”-3)
SiC-4H Dopant Start End Middle
Donors

Acceptors

Heterostructure ornientation :

&
<
q Orientation [[0001] (Ga-polar) -l
e |

Heterostructure tab allows one to specify the heterostructure layers:

@ 1. Press Add Layer button to add a new layer.

Suucture visualizatl 2- A POP-Uup menu appears allowing one to choose belween Materials and Alloys. Both
Doping | Mobility | | -items contain submenus with list of available materials and alloys.

3. You can choose either Materials->GaN to add GaN layer or, alternatively, Alloys-
>AllnGaN. In the latter case you will also have to specify composition as Alyin,Ga;N.

Note that later you can also copy-paste existing layers to create new ones.

Heterostructure has to start with n-type layer and end with p-type layer. Nucleation and
buffer layers should not be included.
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Step 2 (Continued): Layer thickness and composition

¥~ SILENSe 6.3 Laser Edition : Untitled — O x
File Heterostructure Material properties Run Expori 2. YOu can name the layer
o e|d| 0| | | |mE| foryour own convenience
Heterostructure | Global parameters | Materials properties | I7/ /ectluml Laser parameters | Waveguide | PL parameters |
—Layers : 7 Current layer parameters -
q N Name Thickness, ni Type 3 R f h | h k hl |
= . Specify the layer thickness. While actua
AN thickness of the first n-GaN layer is several
Layer properties microns, in SILENSe one can use a
~ General properties - reduced thickness of 500-1000 nm. It must
Layer name : |nGall / el [n_]:’ﬁ bg just several Fimes .higher than the
thickness of depletion region
S | e Quantum Dislocation density [cm”™-2) [0 |
| AllnGaN ¢ Use composition fluctuation model [
— Composition : ) DOS tail eter Un (eV) ||J
Fraction Start point knd point Middle point o param ne
|:| AIN ||] LI | I | DDS tail parameter Up [e¥) |U
[ inN [0 =] | @ DOS tail parameter Usp (eV) -
] .*D i !1 ﬂl 4. If AllnGaN alloy was used to create
| Rel ! =1 GaN layer, proper composition should be I —
: : | -] | specified.
1. Click Edit Layer button i o [ 5]
or just double-click the [entration: ) | For each alloy layer, composition at
layer row in the table to E“ Statpot _ Endpod {o start point must be specified and
open the window with the 3 g I the sum of all fractions should be equal to
layer properties (em™3) [0 | unity. (Composition specification will be
" . discussed in more detail in the next slide)
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Additional information: graded composition

Layer properties When composition is specified at
General properties : both start and end points, linear Non-radiative recombination -
Layer name : [pAIGaN composition profile is created Election non-radiative lifetime (s) I—
ol Alloys Click to auto complete the fraction of the
' r ﬂ"aﬂ“" last alloy component when the content of
| AllnGaN all other components is already specified.
~ Composition - : / rameter Un (eV) I—u
Fraction Middle point

[#] AN :|D.1 | |IJ2 | ﬁ DOS tail P'JJ - Composition preview — | X
[#] InN |ﬂ vI [ | DOS tail pa

E Gali |I:|.3 J |I13 T 11 U,
" Ciystal latt D80 T
| e
- eqree
] 050

elaxe:

— anant concentration - o ) 1
Tepe Start point gr Filling this column enables
Composition preview button | composition variation 0.00
opens the window with [

plotted composition profiles | AIN InN GaN
- End point Middle point

[~] Eué /i:‘ZNIs] 100 | | | |
-] Hnles\ /‘2N1:] n ' '
\/ Layer composition may be specified using a custom function, defined with a script or as a table
which can be imported from a text file. To use a function, choose the function name in the respective
drop-down list. To edit a function, go to Heterostructure->Functions menu item. The auto menu
item means that this component is determined automatically to make total composition equal to 1.

: Composition preview

.................................................................
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www== Step 2 (Continued): Specification of the doping and mobility

Layer properties

— General properties : | Mon-radiative recombination - 1
Layer name : In_ﬁaN Layer thickness (nm) : |5ug Electron non-radiative lifetime (s] I
Hole non-radiative lifetime (s) |
Layer type : | Alloys - Quantum Dislocation density [cm™-2) IEI 'rI
1. Specify donor concentration L Well [ se composition fluctuation model [~
of 2e18 cm= and keep zero
acceptor concentration End point Middle point DOS tad parcmeter Un (eV) o
|7 AN - I DOS tail parameter Up (V) ||J
E InN _I I I DOS tail parameter Usp [e¥) |D
GaN 1
E R / j : : % Crystal lattice relaxation :
_| | | f * Degree of relaxation I[I
/ E
— Dopant concentration | | " Relaxed lattice constant a (nm) | -I
Type Start point
[7] Donors (cm*-3) |2.[I[][IE+'|B I_ 2. Keep the defaU|t values
[ Acceptors (on™3] [0 M for both mobilities
~ Mobility : 3. Accept the changes
Type Start point point Middle point

[=] Electrons (cm™2/¥/s) |1DIZI | |
[£] Holes (em™2/v¥/s) |10 | |

Composition preview |

Note that dopant concentration means exactly the concentration of the doping atoms, NOT the
carrier concentration which is calculated by the program! Hole concentration in, for instance, IlI-nitrides
may be ~50 times lower than Mg concentration because of high activation energy.
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Step 2 (Continued): Adding InGaN quantum well layer

Layer properties .
~ General properties - 1. To add InGaN quantum well layer, click Q
- ) Add Layer in Heterostructure window and
Layer name : IInGaN-GW Layer thickness [nm) : |3 choose Alloys->AliInGaN.
Double-click the new layer to edit it.
L : All
aver type | — v Quantum Re-name the layer to InGaN-QW and specify the
| AllnGaN N Well layer thickness to be 3 nm.
- Composition DOS tail parameter Un (e¥Y) Il]
Fraction Start point End point Middle point
[E AN o =~ |
[] InN 013 | | 2. Mark this layer as a Quantum Well layer.
GaN 0.87 -
- : _I : : % ~Crystal lattice relaxation :
\ f i+ Degree of relaxation II]
| | =
— Dopant concentration - | " Relaxed lattice constant a [nm) | -I
Type Start poi \«@t Middle point
[=] Donors (em™-3) |0 \ |

[5] Acceptors (em™3) [0 | 3. For each alloy layer, composition at the Start
— Mobility point must be specified. Here, we consider InGaN

Type g QW with 13% Indium content. Sum of all rows has
[5] Electrons (em™2/V/s) [100] t0 be unity

[*] Holes [cm™2/V/s) |1D Blank End point and Middle point columns mean
that composition does not vary across the layer

X Cancel |

Composition preview |
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Step 2 (Continued): Shockley-Read-Hall recombination

These two parameters describe carrier lifetimes with respect to point defects.
Blank fields mean that this recombination channel is ignored for this layer

¢ Degree of relaxation I[I
| " Relaxed lattice constant a (nm) | 'I

In SILENSe, there are two ways to specify the rate of non-
radiative Shockley-Read-Hall recombination. One is direct
specification of the carrier lifetimes due to point defects. The
other way is to use an original model which relates the carrier
lifetimes with the dislocation density. Both mechanisms
contribute to the total non-radiative recombination rate
independently, see Physics Summary for details.

[F] Holes (cm™2/v/s) |1 0 | |

Layer properties
— General properties : | Mon-radiative recombination :
Layer name : |InGaH-QW Layer thickness (nm) : |3 Electron non-radiative lifetime (s)
Hole non-radiative lifetime [s)
Layer type : | Alloys = Quantum Dislocation density [cm™-2) |1 J00E+09 vI
Well
| AllnGaN 7 Use composition fluctuation model [
— Composition : DOS tail parameter Un [e¥) 0
Fraction Start point End point Middle point
AlN 0 - = DOS tail parameter Up [e¥] . . .
[ | = | Specify the dislocation
[=] InN |l113 =l | I DOS tail parameter Usp (eV] density of 1e9 cm2
GaN 0.87 - [
El I _I I I 5 ~Crystal lattice relaxation :

i X Cancel I

Composition preview |
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Step 2 (Continued): Composition fluctuation and relaxation

Layer properties

Section Composition fluctuations allows
the user to input parameters related to
Indium composition fluctuations in InGaN
material. Default Un and Up parameters are

[<] Donors (em™-3)

|0

e T

[=] Acceptors (cm™-3)

||]

Alternatively, to assigning the relaxation

degree at the left interface of the layer, the

— Mobility :
Type

Start

p user can specify the relaxed layer constant

[=] Elections [cm™2/¥/s) |100

a. It may be also specified using a custom

[=] Holes (cm™2/¢/s)

|TD

function or by tabulated data

Composition preview I

+ 0K

— General properties : | Non-radiative r 35 v d15 vV ]
m n m r v
Layer name : IlnﬁaN aw Layer thickness (nm) : |3 Electron non-r eva eV, respectively
Hole non-radiative lifetime
Layer type : | Alloys v Quantum Dislocation density [cm™-2)
Well
| AllnGaN Use composition fluctuation model |«
~ Composition : DOS tail parameter Un [eV) IU.D35
Fraction Start point End point Middle point
|E| AIN |IJ LI | | DOS tail parameter Up [eV) |U,U‘] 5
[5] inN 013 < | | DOS tail parameter Usp (eV) [0.025
GaN 0.87 - [
IE' : j : : % ~Crystal lattice relaxation :
f * Degree of relaxation I
| = | &l
- Dopant concentration : ' Relaxed lattice constant a (nm) —l
Type Start point End point Middle point

Zero degree of relaxation means
that no relaxation occurs in this
layer (by default, heterostructure
is assumed to be grown
pseudomorphically, i.e., all layers
have the same lattice constant)

X Cancel |
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Step 2 (Continued): Copy, paste and move layers

ﬁ- SILENSe 6.3 Laser Edition : Untitled

3. A copy of n-GaN layer appears below
the currently selected InGaN QW layer (that
§| B |||: is why we have selected QW layer before
inserting a copy), you just need to correct
the parameters of the new layer

File Heterostructure Material properties Run Exp|

1. To add GaN MQW barrier |0 | = | || B | o>
layer, select n-GaN layer

and click Copy Layer To Heterostructure |Ehbd parameters | Materials prop
Buffer button | Lavers :

N Name Thickness. nm
1 n-Gah 500 aN

InG al-0'w

3 n-GaN 12 AllnGaN InN
GaN

ol @ 0|0 O B2 o|lolks

Heterostiucture | Global parameters | Materials properties | Results | Spectrum I Lase

2. Select InGaN QW
layer and use Insert
Layer From Buffer

button ~Lavers -
ayers :
N Name Thickness, nm Type
1 n-Gal 500 AllnGaM

2 InGah-G'w 3 AllnGaN

AllnGaM

4 InGaN-Qw 3 AlnGaN

K
s
S
=
4
<

Structure visualization
Doping | Mobility | Relaxation

These buttons allow one to E:j3+
move a selected layer up
and down

4. In the same manner, add one
more QW by copying the first one

MCYLYIE ST YUY
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- Step 2 (Continued): Creating periodic structures

File Heterostructure Material properties Run Export Tools Window Help

mlelal olw| o] 2 0|ols

Heterostiucture | Global parameters | Materials properties | Results | Spectium I Laser parameters | %
1. Select two Layers : ~Current layer
layers, first QW N Name Thickness, nm Type
and the barrier AllnGaN

M = 2 InGaN-Qw 3 AllnGaN AN
3 nGal AllnGak InN
InGaN-GWw GaN

Periodic structure

Input a number of periods :

Donars
|J Accentors
. . L [0 - remove period) ~Layers :
2. Click Edit Periodic Name Thickness, nm Typi
n-Gah 500 AllnGe

|
&
8
Structure button q + OK /\] X Cancel Q
5

/ InGaN-0w 3 AllnGz
\l Q nGaN 12
. InGaM-0w 3
e S

3. A modal window appears L:Iensily' Lifetim
where the user is prompted to
— input the number of periods.
Input 3 and press OK. To
delete a periodic structure,
one should input O or 1 period

A |

1 4. The new periodic structure will be marked
by green color. You can specify several non-
overlapping periodic structures. In this case,
they will be marked by alternating green and
blue colors
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B Step 2 (Continued): Finalizing the structure
File Heterostructure Material properties Run Export Jocls Window Help
mlwlal o|w| o 2lo|ols
Heterostructure | Global parameters I Matenals properties I Results | Spectium | Laser parameters | Waveguide I PL parameters |
~Layers : Current layer parameters -
N Name Thickness. nm Type Composition
Q Fraction Start End Middle
n-GaM-barrier 12 AllnGaN AIN 0
Q InGaN-GW 3 AllnGaN InN 0
4 uid-GaN-barier 12 AlnGaN S -
5 palGaN B0 AllnGaM
e g 2l Sk Dopant concentration (cm™-3)
@ Dopant Start End Middle
1. Add top GaN barrier, p-AlGaN electron Denors _ _
(;2 blocking layer, and final p-GaN layer #:BPW 2. Plots in the bottom part of the window
1 | et-e o - . . .
following MQW-example.sls file supplied 1 allow one to inspect the input by visualizing
q with the software (this example has several Orienty the variation of key parameters across the
q slightly different versions). Please note that | el INnSHEESITUIBLITE, NES Al I s (g
Q diffusion from p-side be shown as the linear one
—]
— Structure visualization '
Doping | Mobility | Relaxation | Dislocation density | Lifetimes | DOS tails |
. 3 | g 4 | v Donors [1/7cm™3)
$ | Acceptors [1/cm™3)
¥ b +—— 2 . . o
0 500.0 512.0 515.0 527.0 5300 5420 5450 557.0 560.0 5720 632.0 8320
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[ ] . . .
Step 3: Specification of polarity
File Heterostructure Material properties Run Export Tools Window Help
o=@l o|w| O] 2|0 |o]s
Heterostructure | Global parameters I Materials properties | Results | Spectrum I Laser parameters | Waveguide | PL parameters I
~Layers : — i Cunrent laver parameters -
Q R 1. The user can choose one of the standard Tddic
-GaN-barrier heterostructure orientations including nonpolar
Q InGaN-OW and semipolar ones from the drop-down menu.
4 uid-GaN-barier 12 Al Respective inclination angle will be shown in the
Sl et ] Al hox below
B pGaN 200 All
™ sl A
@ Dopant start End Middle
Donors 0D0E+18
Q Acceptors 0
Heterostructure orientation :
q Orientation [0001] [Ga-polar)
Heterostructure onientation :
q Inclination angle (dearee):
Orientation [0001] (Ga-polar) |
0001] [Ga-polar
Q N [000-1] (N-polar)
Inclination angle | honpolar
Structure visualizatio [10-1-3] (semipolar]
Doping | Mobility | Re [11-22] (semipolar)
[10-1-1] [semipolar)
Custom Inclination Angle / \
2. Choosing Custom Inclination Angle

allows one to specify any inclination
angle in [0,180] range
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Step 3 (Continued): Temperature and solver options

File Heterostructure Material properties Run Export Jools Window Help "

0e| @8 & | W Ol BB |ID 1. Specify the p-n junction
_ - i —| temperature here
Heterostructure W!{igg{g}[@}g{g] Materials properties | Results | Spectrum I Laser parameters | Waveguide|

< A

ysical and Solver parameters

J

. Temperature (K) 300
.2' Q”a”t“”? pot_e el (1) model Quantum Potential Model Yes
rfalitort=s simulation  of the Carrl_er Electron Quantum Potential Correction Factor 07
transport through relatively  thin Hole Quantum Potential Comrection Factor 3
barriers  (particularly, in MQW
structures) by a qualitative description
of the quantum effects: tunneling and 7
guantum confinement. Main solver parameters

Precision 256

With the quantum potential model,
steps of the Fermi levels are smaller
and the carrier concentration
distribution is more like one obtained

Basic mesh step for thick layers [nm) 2
Basic mesh step for thin layers (nm) o1

Thin layers are lower than (nm) 5

with quantum-mechanical simulations. ::T::;:’:::t::"l 01011 3. Keep default values
' for solver options. You

One can adjust the model by changing can find the respective
two correction parameters or turn off details in the manuals
the model Spectrum solver parameters

Mesh step [nm) 0.05

Wavelfunction damping in a barrier 100

Maximum number of levels in a QW 100

Minimum energy level (eV) 0.02

Spectrum broadening [eV) 0.005

Wavelength for SpeCLED [0 - peak. 1 - central] o
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Step 4: Running the simulation of the bhand diagram
1. You can run calculations 2. Click to run series
for a single bias or ... calculations

File ]jeteros%\ L Material y/ ies Run Export TJools Window Help
o=@ » »‘I_I\ = Wl | =] i
" :
_L‘:::::mme l Global o ﬁ Series Calculat.. — O e [ I Laser p::::::::j ﬁ Series Calculat.. — O X
Q Bias [V) Bias [V)

+ Add IP B 2500 + add |
& — Dedt | = 2 Dedt |
el >~ seavence %L %, Add soquence |y 3000 4. Add sequenc|

T \ 3200
@ X Delete I — gjgg ¥ Delete I
Q X Delete All | Acceptors 3.500 X Delete All |
Heterostn
q 4. Specify bias range Oriontatid
\ >
Q Edit Bias \/ X
Q Start bias [V) End bias [V) Number of intervals
[25 35 |10 5. Run simulations
Structure visualization
Doping | Mobility | Relax| + OK | % Cancel | \ /
> Run | ¥ Cancel ‘ ’ Run ¥ Cancel
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W= Step 4 (Continued): Consistency of input data and simulation
results, “locking” of the input data

Heterostructure  Material properties R xport Tools Window Help

In SILENSe, all completed results are considered

(@ &[0 O E|D | . . o
| 0] O] | \ : : as a part of the project file and saved with it. To
Heterostructure | Global parameters | Materials properties Results |SpEt:lrum | Laser parameters | Wavequide | PL p . .
£ [v| Conduction band [v] valence band | Electron QP [v|Hole QP ] Electron Fe keep Self-conSIStenCy between the InpUt data and
& s results, the project input data are “locked” once
2 at least one result is computed.
o] For “locked” project, most of the options for
e editing heterostructure are disabled. Edit Layer
1E20] button is enabled, while most of the layer
oy properties appear in read-only mode, that is

BE-14

4E1] — shown by the grey color of the text fields.
2.7?62EI-E1_16: AAA/'

o] ”” _— Thg only properties one can change for f‘locked”
4] project is the Layer name, the Active region flag,

el and the Usp parameter (since the latter two do
AB0] not effect the band diagram simulation)
-1.2E+0

Energy (e

t|Lifatimas |Racamhinatian | Conc | Fialdl Band Diagr:

To be able to edit the input data, one needs to clear all the results by clicking the lock button and thus unlock the
editing.

These restrictions may look strange at the first glance, but they guarantee that simulation results stored in the project file
are always consistent with the input data. So, you do not need to worry about remembering what parameters the results
you see correspond to, you can just check them in the project file.
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I

Step 4 (Continued): Results tab

File Heterostructure Material properties Run Export TJools Window Help

pectrum I Laser parameters | Waveguide I PL pnramelelsl

Bias (V): 3.5

I own list of variables that can be
shown or hidden

A

" 50 100 150 200 250 300 350 400 450 500 S50 €00 650 700 750 800
Distance (nm)

&

=) |

s f 2E-1 A

2 [ JT _| ™ Conduction band i

& : 2611 ¥ Conduction band QP :

I —4E-1 vl Valence band max I

= | -SE1 ¥ Valence band max QP ||

§ : -BE-1 [] valence band HH :
= "I Ivalenceband1QP

§ | V& [ valence band LH |

% s‘l e [ Valence band 2 QP I

E &l 4 ges0] i

S| & [] Valence band SH |

@ | 5, -1.8E+H
= gl . [] valence band 3 QP |

«» | -%+0|| 2. Please, explore your options . i

@ o o i

€| 12— forviewing the results v/ Flection Fermiievet ¥

g ] -245+0-_| [v] Hole Fermi level \
= | 2580 :
g | 2seo]i 1. Note that each item from the
S I '35‘& vertical toolbar on the left will have its
- -

&

§

-8
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Step 4 (Continued): Neat tricks with zooming and moving

2 4B+
2. 2B+

2E+04
1.8E+04
1.6E+04
1.4E+0H
1 2E+0

Bias (V)
39

1. Say, you want to zoom in on a
segment of the plot. Press left mouse
button and drag it across the area of

2. To zoom out to the full
size, move the mouse with

your interest diagonally from the top left

corner to the bottom right

the pressed left button in
the opposite  direction

anywhere

-6E-1
-8E-1
-1E+(
-1.2E+0H
-1 4E+(H
-1.6E+(H
-1.8E+(H
-2E+(
-2 2E+(H
-2 4B+
-2 6E+(H
-2 8E+(H
-3E+
-3.2E+0H
-3 4B+

Energy

3. To move the plot, press
the right mouse button and
drag the plot

M=

50

100

500 560 600 650 700 750 800 850 900 950 1000 1050 1100

Distance (nm)

180 200 280 300 350 400 480
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Step 4 (Continued): LED results

File Heterostructure Material properties Run Lxgort Tools Window He_Ip|

1. To view more results (including I-V curve,

Heterostructure ] Global parameters | Materials properties | IQE, SpeCtrum, etC.) yOU can either gO to
g Window->LED Results or press this button
5 2E-1
(=]
E 0E+0 #
u -
el 25 i This  button  computes peak
¥- LED Results wavelengths for all the listed biases X
Ede_Show fun _Export and fills the respective column
@| X Q|a|ﬂ|%|%|l{|| Export to SpeCLED |
N Bias J
3E-07 | 4.599E-05 ‘ 4 598E-05 | 4.783E-09 . 4 GBBE-05 | 4.688E-05 I-f}_EiSZ_'*IEv‘I 1} -ZZI_E.!34E-1I]‘ 00190 | 0956 . 3 650E+12 08 | 1.140E-05
M 2 28 0.0008 05 00007 00007 1767607 00008 00008 5940609 5942609 00532 09537 13924 3762412 1.743E+09 1.140E-05
3 27 om21 umj § 1V charactenstic ~ 5 x 09585  1.3919 2 1.085E+10 1.739E-06
4 28 02092 O e dersiy | il st ficieres | 14 cuve | 09711 13590 7B1BE+10 2.989E 07
5 29 29651 1,628 e 09800 14589 44436411 5211E-08
¥ & 3 248212 11.82 09808  1.8205 1.463E+12 1.075€-08
731 1133 4 sl 03814 25486 4318502 280412 32466412 3525E-09
8 32 30461 148,02 1802, 09832 39135 431.8502  21.9468) 5493E+12 1.789E.09
==fll & e 09853 56648 30 4302013 17.66443 7.938E+12 1.165E-09
E ctic M5 el 09818  7.0548 33 4281222 1554303 1071E+13 B.706E-10
Show I-V characteristic 1 2
: 7 B 2 eon) 09354 71150 05 4254777 1505423 1.416E+13 6.930E-10
buttqn provides j(U) and [] ¢ - e T zem [ 15461
IQE()) plots > % 4204279 161050
E-03
c EB 4187241 16,9593
16041 B 417.4552 17.9573
1E-05; 50 4163338 168.8198
1E-06-L . - - : . - : -
251 261 2n 2.3 291 3nm 3an ksl 331 341 351
Bias (V)
<
il X Close |
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Step 4 (Continued): More LED resuits

There are several ways to export the computed While Export to SpeCLED button can be
results in ASCII format, try the icons below and used to export of the results for its further
the Export section of the menu use in SpeCLED, we recommend a newer
alternative option (see step 6)

- LED Results b¢
Edit Show Run Export

ala|x/a & als R

N Bias J J rad

Peak WL
430.7999

2.980E+08 | 1.140E-05

0.9561 3.650E+12

" 33,2377
VM 2 26 0.0008  4.07BE- 0.0632 0.9537 1.3924  431.8502 280412 3762E+12 1.743E+09 1.140E-05
2l 2.7 0.0121 0.001 00104  9.251E-06 0.9586 13919 431.8502 21.9468 3892E+12 1.065E+10 1.799E-06
4 28 0.2092 0 0.1455 0.0010 0.9711 13590 4302019 17.6644 4.130E+12 7E16E+10 2.989E-07
M 5 29 2.9651 1.5433 0.0624 2.9651 B13 0.9800 1.4583 4281222 155430 466BE+12 4.443E+11 5.211E-08
VM 6 ] 248212 8273 95005 2.3268 4 8094 s 2 =230 0.9808 18205 4254777 15.0542 GSE61E+12 1.463E+12 1.075E-08
7 3l 113.3667 B.2167  31.9236  21.2930 |n]ect|on -0.0004 -0.0009 0.5296 0.9814 25466 4225774 154161 V.OBSE+12 3.24BE+12 3.525E-09
8 32 304,81 A8.0265 659437  B20828—ovorov——uoroedd  0.0081 -0.0023 0.5123 0.9838 39135 4204273 161050 BE53E+12 5.433E+12 1.788E-09
M 3 3.3 B02. D5.5051 106.7865 198.7187 60293907 6027741 02122 -0.0044 0.4304 0.9853 56648 4187241 169593 1.028E+13 7.938E+12 1.165E-09
M 10 34 1 48.1357 157.1916 390.9441 1043.3590 1038.9300 4.4218 -0.0075 0.4670 0.9818 70548  417.4552 17.9573 1.208E+13 1.071E+13 8.706E-10
11 35 p43.3774 2332826 7100947 1796.9860 1714.4230 825513  -0.0120 0.4249 0.9354 71150 4163338 188198 1.427E+13 1.416E+13 B.930E-10

To compute wave functions and spectrum, select the
row in the table that contains the desired bias (it will get
highlighted blue) and press the button that looks like
spectrum. Once the computations are complete,
Spectrum tab is opened, see the next slide

il % Close




—m Tutorial 1: Specifying a New Problem in SiLENSe

B Step 5: Energy levels, wave functions, spectrum

File Heterostructure Material properties Run  Export Jools Window Help
=@ ol 0| 2| ookl
Heterostructure | Global palmeteisl Matenals pwpellinl Hesdl‘ Spectrum D_aser parameters Wuvegl.l'del PL pamnelels]
Band diagram and wave functions || Spectium |
— Band diagram and wavefunctions Quantum wells
[~ Electrons  [5)
R i 2
e Biasvi:25 [ 2 ¥-0076
: 4 [10.110
0.6 00177
0.4 _/]/\/ /\/ 110236
0.24 . . . 0.
J§ I — 2. One can switch between the QWs in the list 0298
X T Fi S o o S— o a
02 \ \ \ of QWs and see respective list of energy
0.4 levels. Currently selected QW will be marked ';“;;‘g?*'“'“ 12)
. . . . v - ~
1. By default, electron and hole V‘r’]'th ﬂ;]e cyan vsrgcal stripe in the p(;‘)t' Nor:e [1-3.065
wave functions for the lowest f at t esehmar € karccjaas co_r respor_1 1o iz tg}‘?‘g
energy level in each QW are ayers you have marked as active region SR
shown in the plot along with the [0-3.250
band diagram and Fermi levels €o (el e 19 el dne L-3.275 =
_ levels for the wave [~ Light holes (12)
2 functions you would like to M -2.977 A
22 A o —[lo-aors
[ see visualized in the plot ] 0-3.151
-2.4 i
[1-3.185
[
28 | \ ., { = _ _':K_ [0-3.225
25 / A / 7 4. Table with overlap integrals can be E—g.gg’? y
-3 : it i . . 1-3.
. FURURRURRE SUUUVSURE SRS SH— %%‘%y)..\% Opened by this button or by Window > [ Split-off holes (3)
—_— —— Overlap Integrals menu item .3 188
470 480 490 500 510 520 530 540 550 560 570 OZU oS0 =20 Z 200
Distance (nm) ﬁmx'/l [ 3.298
[0-3.371
/s [ Electron Fermi level |mmmmmm |v Hole Fermi level S View overlap inlwalt? |
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I Step 5 (Continued): Emission and gain spectrum
File Heterostructure Material properties Run Export Jools Window Help
n= @ ofw 0| 200/l

| Wavelength | Energy

Heterostructure I Global parameters

Band diagram and wave functio

aterials properties I Result

s( Spectrum D.asel parameters | Waveguide I PL puarnelelsl

aneous emission and gain speciie

2.30E+13 .

2.20E+13 Bias V- 25 2,000
2.10E+13] 2 000
2.00E+13; 2. You can show/hide | |,
|9 contribution of each QW | ., |
w 1. You can switch between the into the total spectrum om0 |

S8 photon energy and wavelength 12,000

v 1.5

% 1.40E+13 14,000

5 1.30E+13" . - 16,000 o,

= | p0pe1s 3. Blue line(s) is t'he 10000 8

% 1106013 spontaneous  emission | | 7

£ 1.00E+13] spectrum and red line(s) 000

§ S.00E-12 is material gain for the mza"m

£ 5 00E+12] QW layer '

W 7.00E+121 26,000
6.00E+124 28,000
S5.00E+121 30,000
4.00E+12]
3.00E+12 [-22.000
2.00E+12 I-34,000
1.00E+121 [-36,000

2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 38 37 38 39 4

Energy (eV)

- Quantum wells
Emission

[~ Check all

v Total

mQW1
Qw2
T ¥ QW 3
v QW 4

Gain
[~ Check all

v Total
QW1
Qw2
QW 3
Qw4 |
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Step 5 (Continued): Detailed spectrum

Run Export Tools Window Help
all= Q Solver Log
LED Results
rials properties | Re: PL Results | par:
| Laser Results
Overlap |ntegnl|s ¥ Detailed Spectrum =
[=]- Tatal
Subband Concentral CHH- 06474 I ShowAl Lines
Inter-Subband Matr, ~LH: 03526 % S 1.60E+13
- SH: BE7EE-05 HH
Spectrum W.OW1: 0.0004 i q HH1 1.50E+13|
tical Confinemer S gwi gﬁg v QW 1.40E+13
ser Characteri ;tic] __ 25 e 130E+12]
cer Characteristic B-LH 00477
G-SH: 144905 — L V20e13
/ B Qwd- 0T % 110812
S HH: 0O -
B-E1 = €' 1.00E+13]
CE1HH: 05378 = 5
EVHH2: 0.0151 — T 80084121
~ETHH3: 00005 Z 800E+12]
;----EI-HH4: 2.275€-06 &
/ - ETHHS: 1.23%-06 E 7.008+12]
~~E1-HHE: 1.432E-07 2 6 00E<12
. . “~E1HH7: 2892E-08 2 1<
Window -> Detailed E-E2 & < oorez
- + ]
Spectrum menu item B-LH: 03022
. . E-SH: 7142E-05 4.00E+12
opens the window with & e
- - 3.00E+124
complete information m-E2 +1
on spectrum resolved | 200813
by QW and energy Transition Parameter 1.00E+121
|eve| Relative Intensity 0.00E+00 - - : ; ; - - - T T
- 2 22 24 26 28 3 32 34 36 38
Squared overlap integral, M Energy (eV)
Electron occupancy factor, fe
Hole occupancy factor, fh
Help | & save | ¥ Clo

Product fe fh * M
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Step 6: Preparing input data for SpeCLED

File Heterostructure Material propertie‘ Run l:port Tools Window Help
D = & pip| ()| E Single Calculation Ctrl+R
Series Calculation Shift+Ctrl+R
Heterostructure |Glul:|d pammetml Mal Series Calculation for SpeCLED eguille] PL paramete:
—Layers : ) ameters :
= N Waveguide Modes h
;.: Laser Characteristics (Simplified Model)
— n-GaN-barrier Single Calculation With Laser
s InGaN-Ggw Series Calculation With Laser
4 uid-GaM-barrier
Run PL
ﬁ b p-AlGaN )
k 6 pGaN Run PL Series ———
o~ Run Script =
Stop
Go to Run, Series
= Calculation for SpeCLED [ orientation :
4 Orientation  [[0001] (6o polar]
< ﬂ Inclination angle [degree): .

Automatic generation of data file according to the user specified variation of both p-n junction bias
and temperature is supported. The output data for SpeCLED are organized as a single *.txt file with
the same filename as the project file. New approach allows running SpeCLED computations with
account of lateral carrier diffusion in the active region and surface recombination.
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Step 6: Preparing input data for SpeCLED (2)

- Series Calculation for SpeCLED - O X

L[ i [ J 2. To run SpeCLED simulations with

+ Add | account for self-heating effects, you
DEdt | g ____would need to have data for a range of

S nul S ume‘ temperatures that you anticipate in the
* e e Rk device. We recommend using the step
of 5-20K (for instance, T = 300, 320,
X Delote | X Delete | 340, 360, 380, 400, 420, 440, 460,

X Delete All | X Delete All | 480, 500 K)

[~ Save SILENSe files [* sls] with results for each temperature \

\ 13 Hun\\l % Cancel \, . .
\ 3. Check this checkbox if you
\ want the results for each
_ _ temperatures to be saved as a
1. Sene.s ComputatIOI‘IS ShOUId Coyer Separated project f||es
your typical range of the p-n junction

bias variation. At the biases providing
current density of interest, the
recommended bias step is 10-50 mV.

o 4. Run button starts calculations
Note that with increase of temperature followed by the data export into

the p-n junction bias corresponding to the *.txt file.
a certain current density becomes
lower.




End of Tutorial 1
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Tutorial 2: Simulation of InGaN MQW UV laser diode

Features specific to laser diodes

File Heterostructure Material properties  Run  Export  Toeols Window Help

—

=|a| o|w| O] &|o]|als

Heterostiucture | Global parameters I M aterials properties I Results I Spectlun‘ Laser parameters I Waveguide I PL parameters I

wun
] Mame Thickness. nm Type Composition
nGaN |70 AllnGal “on Left Right Middle
2 rrlnGak 100 AllnGak 0
3 rrlGah -emiter e Io 0
4 redlGaN- WG d

e This tutorial describes simulation of laser diodes. Most of the
= wnaGaNeanid INPUL data specification is similar to LED simulation discussed in o fom~3)
7 rinGa the previous tutorial. Let us skip options common for simulation  fo—— —

3 p'i:ga:'i&ﬁ of LEDs and LDs and focus on features specific to laser diodes: poe+1s
prilGah- 10

11” p'*g'ﬁrj“'ert““‘f' 1. Computation of waveguide modes jicture orientation :
Pl AN -contac
n [[0001] (Ga-polar) =l

2. Computation of threshold characteristics

Options specific for simulation of LDs are located under two n angle (degree]: o
tabs: Laser parameters and Waveguide

SOOI O

 Structure vizualization
Doping | Muobhility | Relaxation I Dizlocation density I Lifetimes I Dos tails I

Donors [1/cm™3)
Acceptors (1/cm™3)

R R
FETEFETETET AT ETETETECETETECET RTET]

T T T T T T T T T T T T
o T00.0 &00.0 1600.0  1700.0 1711.0 1721.0 1732.0 1742.0 1766.0 1885.0 2386.0 2416
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Specifying options specific for LDs

Computation of the waveguide modes is done independently from computation of the band diagram. However, it
also uses the Heterostructure and Materials properties input data. Laser parameters tab contains a number of
additional input data for simulation of LDs. They are split into two sections specific to computation of the waveguide
modes and to computation of the threshold characteristics, respectively.

File Heterostructure Material properties Run Export Tools Window Help
tlwla] olw[O] &|o]a]x
Heterostructure | Global parameters | Materials properties | Results | Spectrum Laser parameters |Waveguide PL parameters |
Laser parameters
Laser parameters | Values |
Cavity length {micron) 500
Stripe width {micron) 15
Back mirror reflectivity 018
Output mirror reflectivity 018
Additional loss (1/cm) 1
Computation of the threshold Folarzaton =
L ) L. Mode index Z
characteristics implicitly calls Initial Step (in units of jrad) 005
computation of the waveguide Gain Fitting Accuracy (1/cm) 0
g se Impored Lain Uata Mo
mOdES, SO bOth sections Peak Gain vs Current Density Function
Should be SpeC|f|6d Correctly Peak Gain Wavelength vs Current Density F Edit Gain Import Functions
q Use Absorption From Material Data Mo
even if the user does not run
computation of the waveguide
modes directly!
Waveguide solver parameters Yalues
Actual first layer thickness {nm) 2000
Substrate thickness in computations {(nm) 1000
Substrate material AllnGaM
Substrate composition {004:0:086; 1
Mesh step (nm) 0s&
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— Specifying parameters for computation

File Heterostructure Material properties Run Export Tools Window Help Of wavegulde mOdes
sl=lal o|w| o] 2[a]s]xs . . . .
HelemslruclurelGluhﬂl pﬂrﬂmelerslMﬂleriﬂls properties | Results | Spectrum  Laser para |Wﬂv guide | PL para I Unllke the Carrler transport In LEDS, WaveQUIde
i ¢ modes may depend on the substrate. As you
Laser parametors | Values | might remember, some reduced thickness is
Saiy longth (nicron) 00 specified for the first and last layers at the
Back mirror reflectivity 018 stage of the heterostructure modeling, because
Output mirror reflectivity 018 .
Additon lass (1/cm) i remote parts of homogeneous bulk n-region do
Polarization TE . . . .
Made index . not affect p-n junction and the light generation.
Initial Step (in units of jrad) 0.05 1
P v However, whole first Ia)_/er and even
Actual first | thick I th ¢ o substrate may be important for
ctual Tirst fayer hickness atiows the user fo { computation of the waveguide modes
specify the real thickness of the first layer. (Not No
the reduced one that was used in the S v h thick 100 &
heterostructure tab) ubstrate usually has a thickness imes
higher than the heterostructure. However,
\{ confined modes exponentially decay in the
P | Yoluos J/l substrate. Substrate thickness in computations
ual hirst layer thickness (nm,
Substrate thickness in computations (nm) 1000 ’__I Should be at Ieast 2-3 decay Iengths
Substrate material AllnGalN
Substrate composition 4:0:096: }
Mesh step (nm) / 05
Wavequide solver parameters Values
. . . Actual first layer thickness (nm) 4000
To choose the substrate material, click in the Substrate thickness in computations (nm) 500
respective input field. A drop-down list will Substrate material Sapphire
0 a iti CetdgZnO -
appear. If the material you choose is an allow, Moon sten o " AN
specification of composition will be required o I
Zn0 1
MngO
Cd0
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Computation of waveguide modes

1. Use Run -> Waveguide

Modes to launch computations _ _ _
from the menu 2. A modal window 3. Next, the user is asked if he/she wants
appears where the user is to compute far-field distribution of the
| | — prompted to input the modes extracted from the laser edge (far-
Fil= Heterostructure Material ties Rum Export Tools Window H . . 5 q q
= - = 2 lols = emission wavelength — field is not used in the program, but takes
- - D - . -
PIWIC| & B O significant time to be computed)
Helemslluctutel Global palametetsl Matenals properties I Hesullsl Speclluml Laser parameters Waveguide IPL par b sl
Relractive index and waveguide modes | Far field | ~Waveguide modes
7N | TE 56
28] ‘ Wavelength: 369 nm
= 255

4. Waveguide tab opens when

245 computations are complete

2.4

2.351 ] ] .

53] 5. Refractive index for ordinary

5 ¢ ] and extraordinary waves is
shown by and

lines, respectively

2159

6. The user can
show/hide individual
modes by the check
boxes. The value
indicates “effective
refractive index” of the
mode (see manual for

@
=
=
=
@
=
=
=2
o
5]
=
=
T
5]
m
=
[
g
2.2
E
=
]
=
=
=2
=)
i
T
s
=
@
=
=
[
@
A
=
)
[

18 []12: 2.5677 .
: : : : : : : : : . : : 013 25632 | details)
3500 3000 2500 2000 1500 1000  -500 0 500 1000 1500 2000 0114 26570
Distance (nm) [ 15: 2.6515 =l

’:




Tutorial 2: Simulation of InGaN MQW UV laser diode

Viewing the confinement factors

File Heterostructure Material properties Run Export Tools[Window Help

Cle|>| b O &= = q Solver Log
Heterostructure | Global parameters | Materials properties | Re IF_’E[;:STJSI?:[S gquide |PL parameters
Refractive index and waveqguide modes |Far field | ~Waveguide modes
Laser Results e -
Overlap Integrals | -
26 . : .
‘ wavelength- 369 nm Subband Conce\ntra.t on 1. Qne can see a table of optlpal
255 [nter-subband Matrc Elements : confinement  factors by using
Detailed Spectrum . . .
->
25 Optical Confinement Factors < Window (_)ptlcal Confinement
= D, B Factors menu item.
o W0 25403
- [110: 25354
Mode Total w1 Ow 2 ow 3 Qw4 Qw5 j []11: 2.5322
TE & 0.0226 0.0048 0.0047 0.0045 0.0044 0.0043 [112:2.5274
S [113: 2.5223
T™ 7 00127 00025 00025 00025 0.0025 [114: 2 5177
[115:25111
TH 12 0.0076 0004 0015 ["116: 2.5045 T
TH 18 0.0063 00015 [T T™ 58
TE23 | oooes | oooi (11-2.5991 =

m

2. The mode with the highest optical
confinement factor reaches the lasing threshold
first. The table can be sorted with respect to
the optical confinement factor value to help find
the mode which will provide laser generation.

TH 10 0.0061 0.0074

n. n Cconn ‘—‘

TE 30 0.00&60 0.00m2

/!

TH 35 0.0055 0.0003 0.0011 0.0012 0.0013 0.0me

TE 14 0.0057 0.0013 0.0012 0.0011 0.0011 0.0mo

TH 19 0.0056 0.0010 0.0011 00011 0oma 0.0011 J Remember to Specify the found mode in L aser
TM34 | 00055 | oooiz  00m2  0OMZ OO0 00008 Parameters tab for further calculations
TE 22 0.0054 0.0011 0.00711 0.0011 0.0011 0.0010 [ 5 15 '2--55‘15

0 500 1,000 1,500 2,000 o i
TE 46 0.0054 0.0011 00012 0oz 0.o011 0.0008 ) [116: 2.5459

TH 42 0.0054 0.002 0.0013 0.0012 0.0010 0.0007 LI
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Viewing the far-field intensity distribution

File Heterostructure Material properties Run Export Tools Window Help

Tl @) | O 2|0 |03

Heterostiucture I Global parameters I Materialz properties I Results I Spectrum | Laser parameters Waveguide | PL parameters

Refractive index and waveguide modes Far fkld | Waveguide modes
I\  TE 56
[\ (1125616 -
0,26 | Wavelength: 369 nm sEEEmEEmREmE N 0
- (13 25591
0.24] . []4: 2 5568
’ . [15- 2 5538
0.22] . (16 25500
. : . [17- 25457
0a 1. Switch to Far field to view M 8 2.5431
“| far-field intensity distribution gfa?f‘s‘ggd
. 018] 3. To zoom out to the full []11- 2 5392
m 0 0 .
= size, move the mouse with []12: 2.5274
5 0.16] h d left b . [113: 2.5223
S the presse . eft u.tton. in []14. 2 5177
3 0.14 the opposite  direction 015:251M1  +|
=
Z 012] anywhere
z
= 01
0.08 .
2. To zoom in on a fragment, .
g . . 4. To move the plot,
press left mouse button and . . :
o . . press the right mouse "2
drag it diagonally top left to . : [19: 25789
bottom right . - button and drag. 110 2 5770
9 . . [111- 2.5720
i EEEEEEEEEEEEEEREERER D12:2.55T?
U T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T D 13: 2-5532
-90 -85 -80 75 -70 -65 60 -65 -50 45 40 -35-30-25-20-15-10 -5 0 & 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 || {714- 2 5570
Angle (degree) [115: 25515 =l
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Parameters for computation of threshold characteristics
and laser output power heyond the threshold

1. Go back to Laser
parameters tab

File Heterostructure Material properties Run  Export Tools “wwmoow—rerr

D& (E| 0| O] B|E

o< \

"Laser par

Laser parameters

Yalues |

2. Specify dimensions of
the cavity and reflectivities
of mirrors

Cavity length [micron)
Stripe width [micron)
Back mirror reflectivity

Dutput mirmor reflectivity

1800
2
09
0.5

4. Software automatically
computes optical loss due
to free-carrier absorption
and loss at the mirrors.
Additional loss is a fitting
parameter added to the
total optical loss

| Additional lozs [1/cm)

Polarization

Mode index

Initial Step (in units of jrad)

Gain Fitting Accuracy (1/cm)

Usze Imported Gain Data

Peak Gain vs Cumrent Density Function

Peak Gain Wavelength vz Current Density Function

Usze Absorption From Material Data

—Z

01
Mo

Mo

]

Wavequide solver parameters

vi 6. Solver

Actual first layer thickness [nm)
Substrate thickness in computations [nm)
Substrate material

Substrate composition

Mesh step [nm)

5. Computations of the threshold
characteristics are done with
respect to a certain waveguide
mode. You need to specify the

polarization (TE or TM) and
Mode index of the mode having
highest optical confinement factor
(see the section on viewing the
confinement factors)

1
TE
* ’__‘
0.05 ’

consistent calculation of the
stimulated recombination rate.

settings for self-

PR

05
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—ELJ"_“] Parameters for computation of threshold characteristics
and laser output power beyond the threshold. Additional options

File Heterostructure Material properties Run Export Tools Window Help
o|e(@| o[ O BB |B[<a

Heterostructure I Global parameters I Materials properties | Results | Spectrum Laser parameters |Wa\.~‘eguide PL parameters |

rLaser parameters
Laser parameters | Yalues |
Cavity length {micron) h0o
Stripe width {micron) 15
Back mirror reflectivity na1s
Output mirror reflectivity n1s
Additional loss (1/cm) 1
Polarization TE
Mode index 2
Initial Step (in units of jrad) 0.05
.Gain Fitting Accuracy (1fcm) 01
Use Imported Gain Data Mo
Peak Gain vs Current Density Function
Peak Gain Wawvelength vs Current Density F Edit Gain Import Functions
4 Use Absorption From Material Data Mo

Options for using imported data
on gain instead of ones taken
from spectrum calculation.
Rarely used option.

Waveguide solver parameters Yalues
Actual first layer thickness (nm) 2000
Substrate thickness in computations (nm) 1000
Substrate material AllnGarn
Substrate composition {004:0:0896; }
Mesh step (nm) 05
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Computation flow in self-consistent laser model (1)

Modal gain is computed as a sum of the gain values (at given wavelength) with account of confinement
factors of each QW

Optical losses include:
 Losses on back and output mirrors;
* Free-carrier losses;

« Additional optical losses in waveguide (can be used as fitting parameter)

Threshold is determined by comparing modal gain and total modal losses. Specification of global
parameters (like temperature). Above the threshold, the stimulated recombination is included self-
consistently into the drift-diffusion model as following. In the quantum wells, stimulated recombination
rate is assumed to be proportional to the spontaneous radiative recombination rate, R_, = B R, ...
Coefficient 3 is adjusted in order to fit the steady-state condition that modal gain is equal to total optical
losses. Increase of 3 leads to lowering of the carrier concentration in QWs and lowering of the gain.

Output laser power equals to the integrated stimulated recombination rate multiplied by the factor
describing losses.

See the next slide for a schematic view
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Computation flow in self-consistent laser model (2)

Specification of heterostructure:
temperature, bias, cavity length, mirrors, etc.

\ 4

Band diagram and carrier transport
(drift-diffusion model), Ry, = B * R,
Waveguide Carrier energy levels and wave functions Increase or
modes and (Schrédinger equation), gain spectrum | | decrease of
optical B
confinement | 3
factors | Computation of optical modal gain, g,
. and total optical losses, a

Compare gain
and losses

Output of results
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Computation of laser characteristics

File Heterostructure Material properties Run Export Tools Window Help
I E IR
Heterostructure I Global parameters I Materials properties  Results I Spectrum | Lasger par. 1 | Wavequid I PL par.
£ [ Radiative [JiTotal non-radiative iL] Shockley-Read-Hall [ Auger
g 4 Stimulated |
'E?'I 1E+28 Biaz{I¥l
e 1E+27] 42
&8 1E+26] \ \ \ \
= 1E+25+
T e As described in the previous slide, the
g 16422} laser characteristics are computed by
- 1eoa0] self-consistent solution of the drift-
E|lc e diffusion model for the carrier injection
E g e into the active region and their
LIS recombination ~ there  (including
§ g stimulated recombination) and rate
i g ) equations for the number of photons in
2 E+114 . . 0 9
E| & 1et0] the waveguide. So, drift-diffusion
— e model and laser model are solved
B 1647 iteratively until the condition “modal
1E+6 n o g q q
E 1E+5] gain = modal losses” is fulfilled with
N 1E+4 8
5 o] the desired accuracy.
= 1E+24
1E+1 |
1685 1890 1895 1700 1705 1710 1715 1720 1725 1730 1735 1740 1745 1750 1755 1780
Distance (nm)

—

Use Run -> Single Calculation With Laser or Run -> Series Calculation With Laser menu item and specify a bias or a
set of biases similarly it is done for LED calculations (see the previous tutorial).

Drift-diffusion calculations look very similar to LED calculation. The only difference is that stimulated recombination is
accounted for in the QW layers.



Viewing computed laser characteristics

* Laser Characteristics

Export
Table |F'|:uwer| Optical Gain.»'Lu:ussl 'W'avelengthl

Tutorial 2: Simulation of InGaN MQW UV laser diode

X

Bias Power Current 1 | rad 1 stim Gain Loss Total Losz AR Loss Paszive | Wavelength
¥ [miwf] [mA] [Afcm™2) [Afcm™2) [Afcm™2) [1/cm] [1/cm] [1/cm] [1/cm] [rim]
4 1] 71,2865 2376.2180 7E0.8066 0 24419 47117 03529 0.6571 3E5.8416
4.05 1] 98.7512 32917060 937 6323 0 33681 47293 03357 0.7279 365.1951
41 1] 131.4426 4381 4200 1126.0720 0 4 0524 47421 03202 0.7602 364.6580
415 1] 165.3345 1325.0570 0 4. 7560 4.7562 03073 [.756E

oE44. 4540

364.3365
B702.9850 :

""" 15321160
1743.0000

2176.4320

47578
4. 7EEG
4. 7675

03034
0.2350

0.7954
07355
0.8111

10 3
23.2647
45,6239

233.5525
30645877

364.3365
364.1225

47388

1.022E+04 913.2936 43378

¥ Close |

Laser Characteristics window appears after the end of computations

(later one can open it by using Window -> Laser Characteristics menu item)

First tab of the window contains a table. From the “Power” column, one can see that threshold is somewhere between
4.15V and 4.2V bias or between 170 mA and 200 mA current, respectively. If necessary, one can split this interval by
several bias point by running additional laser computations. Use Export menu to store the table as a text file. Other tabs

of the window contains a number of plots and some additional values.

Similarly to LED results, the band diagram, carrier concentrations, etc. are stored in the project file. One can see them
by using Laser Results window (Window -> Laser Results menu item). It works very similar to LED Results window

described in the previous tutorial, see the next page.
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Viewing the results for threshold characteristics

Power tab contains a plot of the output
power as a function of current (note that
SILENSe always assumes the linear
power increase above the threshold)

Export
Eox PM Threshold current and

4 6E4014 Parameter Value the respective current
4 4E+014 Diff. efficiency (%) 2
426401 Diff. efficiency (W/A) density are shown here
4E+01 Threshold {mA) 1721330
3.8E+014 Threshold {(Afcm™2) h737.7650
3 6E+014
34E+014
3.2E+4014
3E+014
gz.sam-
T2 6E+01]
$ 2 4F201]

Export
" Table I Power Dycalﬁain.-’LDss W avelength

< 2 2E+01]
g 2E+01]
£ 8E+01]
1.6E+01]
14E+01]
1.2E+01]
9 6E+00]
7.6E+00]
5 6E+00]
3 6E00]
1.6E+00]

Total losses
Free carriers in QWs

Variables (1/cm)
——— |7 Gain
Other free carriers

86.49 106.49 126.49 146.49 166.49 186.49 206.49 226
Current (mA)

losses are shown here

Constant contributions to L
[—

Optical Gain/Loss tab
shows variation of the

gain and loss as a Parameter

. - 321626 421626 5216.26 621626 7216.26 B8216.26 921626 10216||Radiative loss (1/cm
function of current density Carrent donsity (lema) hediton oo o—

X Close |

Yalue
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Viewing the results (Continued)

* Laser Characteristics x|

Export
Table I Powerl Optical Gain/Loss Wavelzgth |

366
366
366
2661 Wavelength tab shows
3651 variation of the gain
3651 peak position with the

3654 current density
365

3654
365
3654
3654
3659
3659
364
364
364
364

Emission wavelength (nmj)

3216.26 4216.26 5216.26 6216.26 7216.26 821626 9216.26 10216

Current density (Alcm*2)
X Close |
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Viewing the results (continued)

File Heterostructure Material properties Run Export Tools iWindow Help

Characteristics (Old)

3. For even more detailed information on
computed spectrum, go to Window -> Detailed
Spectrum. See Step 5 of Tutorial 1 for
screenshots.

LI EEEER Solver Log
- = LED Results k= g
Heterostructure | Global parameters | Materials properties I Re PL Results l]mdel PL pg
Refractive index and waveguide modes | Far field |
Laser Results —~
Overlap Integrals ssl
2.6] i 3 _
| wavelength: 36423  nm R 1. For more results, gp to Window ->
2 55] Inter-Subband Matrix Elements Laser Results menu item
Detailed Spectrum
2.5 Optical Confinement Factors
= L
T 5 45] Laser Characteristics

2D carrier concentrations
integrated over all the QWs

row in the table that contains the desired bias (it will get
highlighted blue) and press the button that looks like
spectrum. Once the computations are complete,
Spectrum tab is opened, just like in Step 5 of Tutorial 1

|
.ﬁ

——  E—

Edit Show Run Export

ala|X|[a & a

M Bias | \\Jnrad | JSRH J Auger Jn Jp dnright | Jpleft IQE Inj eff m

1 4 93 2126072 604321 22750210  984.3903 12911370 0.5065 0.2935 03611 5.7262

2 4.05 8536150 2481703 794634 31889910 12121110  1877.7420
| =] 3| 4 1 33 100.7776 | 4290.3540 | 14549430 | 2836.8300

4 1266.7220 444 1243884  E581.6160 1713.8670  3570.0380 . 73487  4B20E+13  2.842E+13
14728440  490.0 41.2608 69059090 19661960  4943.0610 3.3481 0.1944 0.2343 5.0813  4B21E+13  3.042E+13
Includes Jstim 1677.6840 493,912 79656830  2175.6280  5797.0670 4.0325 01932 0.2273 135085 4612E+13  3.031E+13
7 43 G109.9880 18863 1910 0.2207 148044  4812E+13  3.029E+13
g 435 1032E+04 20934 2 To see the wave functions and spectrum, select the P18 0.2144 154643 4619E+13  3.034E+13

X Close |




E"l_lj] Tutorial 2: Simulation of InGaN MQW UV laser diode
[ ]

Computation of threshold characteristics (old model)

File Heterostructure Material properties Run  Export Tools Window Help

mlel2] olr|e| ®| e Bl

Heterostructure I Global parameters I M aterials properties I Results I Spectrum Waveguide I PL parameters

Laser parameters
Laser parameters Values
Cavity length [micron) 1500
Stripe width [micron) 2
Back mirror reflectivity 09
Output mirror reflectivity 05
Additional loss [1/cm]) 1
Polarization ‘E
Mode index llllll 3
g Stop I ‘

Wawveguide solver parameters | Yalueg
Actual firgt laper thickness [nm) 4000
Substrate thickness in computations [nm) s00
Subsztrate material S apphire
Substrate composition
Mesh step [nm] 05

Simulation results for the old laser model are similar to that for the model with
self-consistent treatment of the stimulated recombination. The only difference is
that laser output power beyond the threshold is extrapolated linearly by using
differential quantum efficiency estimated from the threshold characteristics.

Old model for computations of
threshold characteristics uses LED
results of band diagram computation.
In this simplified model, where is no
self-consistent account of the
stimulated recombination rate in the
drift-diffusion model.

1. First, one needs to run
computation of the band diagram and
current density for a bias/current

range  covering the  threshold
bias/current.
2. Then use Run->Laser

Characteristics (Old) menu item.
During computations, the program
seeks for the threshold by doing
following tasks for each bias

- Computes gain spectrum and finds
its maximum

- Computes the waveguide modes at
the wavelength of max gain

- Computes modal gain
- Computes optical losses
- Compares gain and loss



End of Tutorial 2
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SpeCLED 2008
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Specifying a New Problem in SpeCLED:

Simulation of a Planar Chip
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This tutorial shows how to create new project similar to example “Planar
2” supplied with the software, specify all necessary input data, and start
simulations. It includes the following steps:

Choosing the die type and specification of the layer thickness

Drawing lateral geometry

Specification of layers (building 3D geometry from 2D lateral geometry blocks)
Generation of the computational grid

Specification of the material properties

Specification of the active region properties

Specification of the heat transfer problem and other global parameters

© N o 0 bk~ W DNP

Running the computations
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Step 1: Opening a new project

File Options Configuration Picture Help

Selected obiect | New obiect Select Start -> All Programs ->
) || SpeCLED 2008 -> SpeCLED
2008 or click start SpeCLED GUI.
You can also use the respective
desktop icon or just clock on the
SpeCLED_RATRO.exe

After SpeCLED GUI is started,
Start Program dialog window
appears. It allows the user to
C:ATutorial\Tutorial 2WVerticalDie.dvx Start New Project | either start a new project or open
C:A\Tutorial\Tutorial_5\VerticalDie_RATRO.dvx an existing one. A list of recent

C:ATutorial\Tutorial_3\Planar2.dvx . . .
CATutorial\Tutorial_1\Planar.dvx Open Existing Project | projects is available.

TR E

s

=

|zt |2 [ s 2w | 1 [ | el 0 e [

Y
*
/
)
©
=
T
LY
b
&
2
o
N
=

X

B

Reopen Project |

Press Start New Project

Foim) P Bl sl 1 = sz
Geom |Grid | Layers | Functions | Materials | Active Region | Run | RATRO |

Draw Color Pen Width Mode Grid Points——
eﬂ
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Step 1 (Continud): Choosing the die type

Project Configuration window is opened

At the start of a new project, user should first
select the type of the chip to be modeled

Four options are available: planar and vertical dies
with and without a substrate

1. Select Planar Chip
with a Substrate

F

You can try choosing different types
of the chip. Each time, thorough

!
w

Such a planar chip desigh corezponds to LED = fabricated on an inzulating [for instance, .. . .
zapphire] substrate. The contact electrodes are farmed on one side of the die. Heat remaval can descrlptlon of the chosen Chlp will
appear in the window below.

alranged either through the top sufaces of the electrode pads [flip-chip mounting] or through the
L sida af Hhe sobeteste Bath skt aytraction though the semitransparent top electrode and
ar. /I

2. Press Next

\

Mext = | X Cancel ‘
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Step 1 (Continued): Specification of the layer thicknesses

Project Configuration window is opened

y 4
—Wertical Dimension

n-semiconductora).um |5

pzemiconductar]d] um ID.E <

1. Assign thickness of the semiconductor
layers, electrodes, and pads, and
substrate as follows:

mesa depth(bd],um I'I.'l \ n-semiconductor(a) _5
st p-semiconductor(A) = 0.5
nr-electrode|d), nm |2|:I mesa depth (M) =11
padiplum [10 p-electrode (D) = 50
o ppedPm [0 n-electrode (d) = 20
T e [ n-pad(p) = 10
bottom substrate(F).um IU— p-pad(P) =10
—ertical Mesh, Mumber OF Interval subshiate x-extenzion |-|—
p-semiconductonMa) |5 substrate y-extension I'I—\I)\ ) o
N — \ 2. Assign . param.eters describing the
top substrats[NE] |5— [~ n-blacking [~ pblocking tSUbStratte tfhgﬁknesi trate(E) = 100
battom substrateMF] I'I [T n-spreading [T pspreading boﬁt(par Y ¢ ef)tﬁu S rE et( t) _F _0
p-spreading layer |1— Modified Active Regions Im ottom (par 0 e) substrate ( ) a
3. Assign relative width of the bottom part
of the substrate ( 1 for straight vertical, <1
for narrowing, >1 for widening):
substrate x-extension = 1
substrate y-extension = 1
= Back [ gt =L ./ oK I x Cancel |
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Step 1 (Continued): Specification of the layer thickness

—ertical Dimenzion
n-semiconductora).um |5
p-semiconductarfd],um ID.E
mesa depth(hd].um I'I.‘l
pekectodeDlrm 1 | 1 Assign vertical mesh for p- and n-
nelestiodsidlem [0 layers, electrodes and pads.
n-pad(p).Lm |1U . . .
For a vertical substrate with size F equal
p-padiF],urm I'lU i
N to zero, NF can be set to an arbitrary non-
h brak I .
op subsuatefElum | zero value, for instance, to 1.
battom substrate(Fl.um |0
ertical Mesh, Murmber OF Interval sulseiEE werend For p-spreading Iayer we recommend
przemiconductarMa) |5 use Only 1 Step
n-semiconductar(Ma] |10 /_..arr:nl/
ayer
top substrate(ME] |5 [~ n-blocking [~ p-blocking
battom substrateMF] I'I [T n-spreading [T pspreading
p-zpreading lager |1 Madified Active Regi M - H
o Acive Regions [None 7| Note that the user can also access and edit the
parameters described in this window later at any
time by using Configuration menu item
4= Back Hest == ./ ak. x Cancel |

2. Press OK ’
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Step 2: Drawing the outlines of the layers

File Options Configuration Picture Help

¥=2.06 Selected object | New abject |

Y=832.62 I j | il
T L %
; i ﬁ Main SpeCLED window is opened
W[ O To specify the geometry, one needs to draw an
% I @ outlines of LED die layers projected onto the
T 2 base plane. Particularly, the following die
=
oAl A elements should be drawn:
g ;il * n-contact semiconductor layer
?_“ ?iﬂl * p-contact semiconductor layer
B A * n- and p- electrodes
ool 2|
& = * n- and p- pads
| R . .
x| 1. Click Geom tab to open a window * contours of wire bonding
o = for assigning the 2D die geometry - optional layers: p-spreading (ITO) layer and n-
and p- blocking layers
Note that all coordinates are specified in
microns

Elect an individual object; Shift-Click - select a closed contour by clicking on its boundary.
@\ @\ Y, w Color Pen Width Mode Grid— | Points——— [ Select Axig Id
ol e | =215 7 )| i) sl [ 1| ]| | w1
Geom | Grid Layersl Functiunsl Materials I Active Regiunl Run I F!ATFIOI
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Step 2 (Continued): Drawing a rectangle

= x

File Options Configuration Picture Help

Selected object I Mew object |
| LT

-

| 2 % 1. To draw a rectangular die contour,
| s click Add Rectangle button. The |
é- : cursor will change from a white arrow
I to a grey cross

1241

T

&4

+

&

3. Release the mouse button. Move the
mouse downwards and to the right. The
temporal rectangle position is drawn in
thin black line while the cursor is moved

2. Click anywhere on the
graphics window with left mouse
button to specify the left top
corner of the rectangle

4. Click with the left mouse button to

define the rectangle corner. The
| Specit topret comer. rectangle will be drawn in thick lines.

a8, lr""’“ e | F’T The corner points will be marked green.
(%]

oo/l = ] e sl

Geom IGrid | Laycrsl Functiunsl Materials I Active Fh:giunl Run | HATF{OI
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Step 2 (Continued): Editing the coordinates manually

File Options Configuration Picture Help

’m Selected object | Mew object
Y=498.75 IE_;, [%=0.0v-0.0
% 34 %
#| &
_O
<0 . . . .
6 3. After the point selection, its coordinates
K will appear in the Object Editor on top of the
1 To edit the coordinates of the window. The point coordinates are shown as
réctangle comners manually, press two values separated with a space. Change
Select button ’ the values to “X=0 Y=0" and press the Enter
key to shift the bottom left corner
£
B
2. Pick the left bottom point with the 4. After the point is moved, the point is still
left mouse button. The point will be selected. To edit coordinates of another
marked in white. point, you should first deselect the first one.

Click this point once more to deselect it, or
press Spacebar on the keyboard to clear the

selection, or use Clear Selection button from
drawing toolbar.

Click. - select an individual object; Shift-Click - select a closed contour by clicking on its boundary.

@\ @\ Draw Color Pen Width Mode Grid—— [ Pointz——| [ Select Axig Id
SR | = 72wl el T 8| %] tlel| slze
Geom | Grid Layersl Func’tiunsl Materialsl Active Regiunl Run | RATROl
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Step 2 (Continued): Editing the coordinates manually

File Options Configuration Picture Help

X=362.73
Y=387.46

Selected object | Mew ohject

||I| v[ |><=35|1uu Y=0.0

Manually change the coordinates of the other
points to have round values:

(X=0,Y=0)
(X =0, Y = 350)
(X = 350, Y = 350)
(X = 350, Y = 0)

|3 k€ |O|OJR |3

B e

=

18 % | 8 |4 %8| b [ [ [ % [ @] & [\ [+ =]
|31 | & | | || | £ 8 |2 e | I e |2

=
X [€

[
B

Press the button Show All to zoom }s—Select—| axis 1d
the image to fit the screen @ (*&I 'm MIQ h,,' 12| a4

e e —— ) —— ——p—
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Step 2 (Continued): Adding an object

Help

File Options Configuration Picture

Selected object I MNew object

|

2]

Selected ohject  New object |

Choose point form the drop-down menu
[

Click New object

@l le |O|O)& s

[

53

Selected object  Mew object

[#]~| [x-225v-115

=

2[5 | 5 58]0 0 2 =] % (@] o N+ =]
| 2 |5 [ 2w |8 | el [0 =t |

o
=
5

When prompted, enter
the following coordinates:
X =225,Y =115

Inspect the results — a new
point should appear

Click - select an individual object; Shift-Click. - select a closed contour by clicking on its baundary.

s oo/ M E"ENER | Z==) 7 ) w78 e e e

Geom | Grid Layersl Fun[:liunsl Materials | Active Region | Run RATRO I
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Step 2 (Continued): Normal splitting

To draw a vertical boundary of the

File Options Configuration Picture Help

’m Selected oject | New obiect mesa, use one of the tools dropping a

. | . | normal to the line from a selected
point.

é’ Ift:tl:ﬁk EA)ggtinNorLri?]ael 3. Select the point that the normal A_s a r_es_ult, the original bottom I_ine

P g g will start at by clicking on the dot will split in two parts and the vertical

you created in the previous step line connecting a point and the

bottom line will be added.

Note that the bottom ending point will
be marked green — the point is
shared by several lines. At the same
time, the point in the middle will stay
red as dangling.

LT [32]% |b |B

2. Select the line you want to split
(single left mouse button click near
the line that you want to select) 4. A thick vertical

line will be drawn

Select line, arc.

Draw Color Pen Width Hode Grid
el{

B P
Geom |Grid | Layers | Functions | Materials | Active Region | Run | RATRO |

Note that Red color of an ending point marks a dangling line

Green color marks an internal point of a contour, in other words, point connecting two or more lines
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Step 2 (Continued): Adding another side

To add one more side to the mesa,
repeat two previous steps.

Options  Configuration  Picture  Help

Selected object | MNew ohject

|

1. Go to New object and create

2. Click Add Normal anohter point (X = 230, Y = 130)
Splitting Existing Line

@GN | |5
G <0 I Je 15

Bve |00 s

3. Select this line by a single
4. Click at the point click of the left mouse button

=

13

=

|32 |59 |3 | | 37 |38 [ e
22| | 8 |5 s |2l |1 [ |

\i

5. The “basis” will be split
in two lines at this point

|
B

6. This line will appear

Specify zpliting paint.

Grid Points

@\ @\ Draw Color Pen Width—| [ Mode Select Axis
il M E"EEE | = 7 | mic|se) (¥ 8] A% el sa)
Geom |Grid Layers I Functiunsl Materials I Active Region I Run I RATROI
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Step 2 (Continued): Linking the points

File Options Configuration Picture Help

X=37.61 Selected obiect | New object )
Y=225.64 =l 5. Add two more points (X = 244,
NET Y =119)and (X =228,Y =103)
i
/=0 .
ot O 1. To draw a line between two already o
9@ existing points click Add Line 6. Repeat normal splitting two
| k| e more times to complete the
T = shape
7| A4
| 1
2/ . . y
| o) ] 4. The line connecting the two
| selected points will appear 3. Select another point
o
o o] 2|
S i
X |
o =

2. Select one point

Specify starting point. licking on its boundary.

@\ @\ Draw Color
fs| el(

Geom | Grid Layersl Functiunsl Materials | Active Regiunl Run | RATROl

Select Axis

] ey st ¥ ] ]y ) 7 e s}
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Step 2 (Continued): Adding a circle to draw n-pad

2. Define the circle center (click and
File Options Configuration Picture Help release the left mouse button)

’m Selected obisct | New objsct .
TGRS [O] -] [Re-291.93¥c-59.92 R-42.45 3. Move the cursor from the circle
center. Press the button again and
move the mouse keeping the button
pressed. The current circle position
defined by the current cursor position
will be shown in a thin gray line

4. Release the button to assign the
Selected obiect | New ohiect circle position.

|_|E_T| | [Xc=290.00 Yc=60.00 R=40.00

5. Position of the selected circle can

be edited in the Object Editor like

Set the circle parameters: the position of a line. You can edit
. three values: center coordinates Xc

Xc =290, Yc=60,R =40 ;

( ) and Yc and the radius R

DY
[=]
Z
]
@
124
T
aA
+
&
P
ol
LN

=]
A=
5

X

6. Alternatively, you could have used
New object tab to add a circle and
manually edit its parameters

Click - select an individual object; Shift-Click - select a closed contour by clicking on its boundary.

Draw Color Pen Width Mode Grid— [ Points | [ Select Axis Id
o IR C\ 7 | e sl 17 s 4l el s
Geom | Grid Layersl Functiunsl Materials | Active Regiunl Run | RATROl
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Step 2 (Continued): Adding vertical or horizontal lines

To draw the p-electrode and p-
File Options Cenfiguration Picture Help . pad we need to add several
X619 ol vertical and horizontal lines

|

Draw the contours of the p-
electrode using Add Vertical or
Horizontal Line tool with the
following coordinates:

(X =14, Y = 336)
(X =14,Y = 14)

: (X=200,Y =14)
11. Use Add Vertical or 2, (1) B CER S (X=200,Y =144)

1 Horizontal Line. It will help _ _
you keep the proper angle (X'=336, Y = 144)
of the lines drawn by hand (X =336, Y =336)

Draw the contour of p-pad using
Add Circle with the following
coordinates:

(Xc =90, Yc = 265, R =50)

Select objects; move objects with the left buttan.
| Draw Color Pen Width Mode Grid—— | Points Select Axis Id
o I EEE | = F o mle) slwl 7 =) 4l el slsia)
Geom | Grid Laycrsl Fundiunsl Materials I Active Flegiunl Run I HATROI
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Step 3: Specification of layers

Now the contours are drawn and
File Options Configuration Picture Help one needs to convert them into a
3D geometry. You have assigned
the thickness of the layer right
after the selection of the chip

3. Select p-semiconductor

p-semiconductor (Empty]

p-electrode [Empty] |

[ peed Empy) . type, but the layers there are
L] oooive (Ervpy) 4. Select click inside all listed “by name” (mesa depth, p-
. nrelectrode [Empty] 3 !
[ bIOCkS,Wh'Ch be'°”9 to the electrode, n-pad, etc.) and the
p-semiconductor (i.e. all software does not know “who is
Mosaic 1
\ zones outside of the mesa) who”. Now we will sort it out by
Cancel | establishing connection between
outlines and functional elements
2. All the layers available As you pick them, they are filled
in Planar Chip configuration with the Red color, see below. To
are listed on the left. exclude block from selection,
click it again.

5. Press Apply

1. Switch to Layers tab

ﬂ Colors

Empty block:
I~ Show Empty Blocks

O

Geom I Grid La';/rgrs Functions | Materials I Active Flegionl Run I FlATFlOI
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Step 3 (Continued): Specification of layers

All other chip elements to be specified as follows:

1. p-semiconductor: all area except the etched mesa. The active region area has the same shape as p-
semiconductor. For vertical LEDs, p-semiconductor layer is not specified. It is assumed to cover all the die

area.

2. Electrodes and pads: metallic layers, where distribution of the electric potential and electric current is
computed. It is suggested (but not obligatory) that electrodes are used to represent thin semitransparent
metallic layers, while pads represent thick layers. Electrode layer to be specified even if the contact is thick (in
this case, the electrode might has the same geometry as the respective pad).

3. Wires: areas of wire bonding. They are used only to set up boundary conditions for the electric potential.

Note the foIIowing requirements: p-semiconductor has to include p-electrode, which has to include p-
pad, which has to include p-wire. Similarly, mesa has to include n-electrode, which has to include n-pad, which
has to include n-wire. If optional p-spreading layer is used, it should be inside p-semiconductor and include p-

electrode
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Step 3 (Continued): 3D view

Now the die geometry is specified
and you can check it in 3D View.

. p-semiconductar

“[Jpelectode Click Draw 3D button on the left.
.substrate Draw 3D
2l g

Window 3D View will be opened

The planar die height is much smaller
than its width. One can change z-
scale to inspect fine details

The semiconductor layers and pads
are shown proportional their actual
thickness in microns

Feel free to change The electrode thickness is assumed
colors of the elements to be negligible, so they are shown
with some fixed small non-zero

thickness

One can show or hide die elements
by the respective check boxes

By

‘ ﬂ Colors

Mave il Zaom Z-5cale 110 mousge button - ratate; right mouse button - move: mouse wheel - zoom
- | | 10 3 ¥ Close <Esc>
_I il _I R R =l Default View | Copy To ClipBoard | @ Save to file
Geom | Grid Layers | Functions | Materials | Active Regiunl Run | RATF{Ol
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Step 4: Generation of the computational grid

File Options C

3. Select All Edges to
use automatic mode

~Mode
[ Selecled%
= All Edges

5. Assign 3 intervals

" Adv.front

NEE
5 [10] 15 20] 5] ]
m|:n—§|,§| 2. Boundaries without

assigned fragmentation
are marked with yellow
[ 9rid pions™———""" circles like this one

= Delaney Iﬁ |§§

—Auto grid type
* by to create Q-grids
¢~ all grids should be T-grids

AppI; I Store |
\,

Paints \‘l 6 Apply
N
1. Switch to Grid tab

(=

4. Select some short
boundary

Grids Contrast—|

P

ala| s

Geom  Grid Layers Func’tiunsl Materialsl Active Regiunl Run | HATROl

Switch to the tab window Grid to
generate the computational grid

To generate the grid in a 2D domain,
the user should assign the
fragmentation of the domain
boundaries

In Automatic Mode (All Edges), all
boundaries are split in grid faces of
the same size. It can often serve as
an excellent starting point provided
that the reasonable step of the
boundary fragmentation is chosen.

We recommend choosing a short
boundary and splitting it in several
fragments. The same fragmentation
density will be applied to all the other
lines, see the next page.
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Step 4 (Continued): computational grid in auto mode

Later, one can manually refine grid by
— choosing Selected Edge mode, and
Y=251.27 correct fragmentation of several

Mode i
" Selected Edge g TS T AT bOU ndarl eS .

&+ All Edges
Interval Please, note that the rougher the grid,
B the faster will be your computations and
:Jﬁ:eLlﬂj‘ﬂz“'”'”' the lower will be accuracy. We

&3 recommend that you start with a rough
grid, similar to shown on the left, to get

the first solution and inspect it in terms

File Options Configuration Picture Help

Traud options of possible errors of the input. Once
Sl 25| 5% you are sure that the input is correct, try
& ko cvemte Q-gride refining the grid (for instance, by
© all gids should be T-grids assigning more intervals to the same
Apply | store | short boundary you used at the

previous stage) and compare the two
solutions. For estimates, it is often
sufficient to use a rough grid, while for
final results and for studying the effect
of minor changes it is important to have
a detailed grid. Also, note that the grid
should be particularly good at the areas
G oo J of high currents or high gradients.
EEM ﬂ Total grid cells: 5378

m Grid Layers | Functions | Materials | Active Region RLJ@J

Faints

1. The element used to create the grid in
auto mode is marked white
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Step 5: Specification of material properties

3. SpeCLED allows specification
of several types of materials:
semiconductor, conductor, |- —
) roperty description
insulator (can be used for ||
substrate only), and transparent rfﬂme‘“[’epe”dem

R ! € constant € expression (T)
conductive oxide (can be used for

 polynomial (T) © function (xy.2,T)
.  piecewise linear (T) € “ariable
p-spreading layer only)

O A+BfT

—LCreate Mew M aterial A ]

& Semiconductor i
memiconcuctor 4. Select Semiconductor
" Conductor

" Insulator

" Transparent conductive oxide

q’ Ok, x Cancel |

5. When dialog window asking for
the material name will open, type
n-GaN for the material to be
assigned to n-contact layer

2. Press New

Name In—GﬂN|

" Ok <Enter> M Cancel <Ezc>»

= New | M2 Copy |
% Delete | Rename | —
View ECond | ¥ impont | ||| | Fullname 1. To specify materials properties,

Geom |Gri|:| |Layers| Functions Materials TVE Choose Materlals tab

—F
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Step 5 (Continued): Specification of material properties

Options  Configuration  Picture  Help

Materials————————| Properties "n-Gal" (Semiconductar)

Fropertie —Froperty description
| COND - Heat Conductivity, MWHm*K)
Farametric Dependence

" constant " axpression (T) 3 EaCh property can be
 polynomial (T) " function (xy.2.T) orm

" piecewizse linear (T) " “arishle SpeC|f|ed as a Constant
® e value, or as a function of

temperature or coordinates

1. New material
is added here

2. When a new material is
added to the list of
materials, its parameters
should be assigned in the
section Properties

= New | Copy |
¥ Delete | £ Rename |

[~ Full name

Yiew ECond | Import |

Geom IGrid ILayersI Functions Materials | Active Region | Run IRATROI
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Step 5 (Continued): Using a constant value for properties

2. Select COND for 3. Description appears,
heat conductivity including required units

File Options Configuration Picture Help \

taterial I Fropetties "n-Gal /conductor) \
Fropettie \ || -Property description \\
| COMD - Heat Canductivity, Wi(m*K) v
Parametiic Dependence
@ congtant " exprassion (T)
 polyRxjal (T) " function (xy.z.T)
" piecewh Ngear(T)  Yariahle
© ABT
Canstantl
1. If more than one, 4. Select _—
: ) constan
select the material. In elec

this case, it is n-GaN

5. In a new dialog window type 150 to
rw assign the conductivity of 150 W/(m-K)

|
Edit |

Value |150]
V’ Ok <Enter> ¥ Cancel <Esc>
[ New | & Copy |
* Delete | = Rename |
View El:ondl ¥, Import | [~ Full name
_Geom | Grid | Layers | Functions Materials | Active Region | Run | RATRO |
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Step 5 (Continued): Using functions to specify properties

2. Check the description,

particularly, required units
I Fropeties "n-GaMN" (Semiconductar) : \

File Options Configuration Picture Help

Material
lateral

Propertie |i —Property description \ |I

[MOB_<v - Lateral Carrier Mohility. cm”2/(v*s) \
Farametric Dependence H
" constant & expression (T) 3 SeIECt eXpreSS|0n(T)
 polynomial (T)  function {xy.2.T)
" piecawisa linear (T) " “arighle
= ABT

Expression |

Expression
1. Select MOB_XY for ﬁwu*(aunm
the lateral mobility

105,

| Expression [100%(300/T)

«" Ok <Enter> / M Cancel <Esc> |

/
—

4. In a new dialog window
type 100*(300/T)

- I/;r‘/l
5. After you press OK, inspect 3]
the resulting curve 12}

35
E e aammaame et N
280 350 420 490 560 630 V0O 770 840 910 980 105
Temperature (K)

¥ ani ' awi ?_E:alex ?_E:ale A
* linear * linear
= New | Copy | ’V:rgl ::l Default | (g:l ;:l Default | ’V(- Iog—‘ ’V(- kg

¥ Delete | Rename | "Rangc
from 300 to 1000 Edit ranges |
View ECond | Import | [ Full name e

Geom IGrid ILayersI Functions Materials | Active Region | Run IRATROI
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Step 5 (Continued): Conductors and insulators

File Options Configuration Picture Help
taterial |Pr0perties "Au" (Conductar)
n-GiaM
-GaM

Propery description
| COMD - Heat Conductivity, Wim*K)

"Pmpul‘liu
I

Farametric Dependence
 constant " axpression (T)
 polynomial (T)  function {xy.2.T)
" piecewise linear (T) " “ariabla
 ABIT

1. Add a conductor material for
. electrodes and pads. For a Conductor
_ material, you should assign the thermal
—[Lreate Mew Material & and electric conductivities only. Insulator
~ Semiconductor L — material is proceeded similarly with

------------------------------- specification of the thermal conductivity

............................... Only.
" Insulator

" Transparent conductive oxide

" 0K X Cancel |

2. Just like it the previous step,
assign the following parameters:

COND (heat conductivity)
315 W/(m-K)
ECOND (electric conductivity)

= New | Copy |
¥ Delete | Rename | 41X105 (Qcm)'l

View ECond | Import | [~ Full name

Geom I Grid I Layersl Functions Materials | Active Region

Run I RATRO I
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Step 6: Importing active region properties from SiLENSe

File Options Configuration Picture Help

14 Characteristics | Spect[al

3. Press Load

Now, import of the I-V characteristics
calculated by SILENSe tool will be
used. Description of specification of
parametric  dependencies  within
SpeCLED will be shown later.

4. Load the files ivc-300.sct, ive-400.sct and
ivc-500.sct  from Tutorials/IVC directory.
These files contain data on active region i-v
characteristics for T = 300°C, T = 400°C and
T = 500°C, respectively. Multiple file opening
is not available, so you should load the files

5. After loading the files, you do not have to
assign any active region parameters but can
view the loaded values (next page)

2. Select Computed
by SILENSe one after another.
1. Switch to Active
| Bload | Region tab
4 Delete |
32 Delete All |
:uzzmputed by SiLEN/Se [ ParametricAppmximat///  Table Input

Geom I Grid I Layersl Functionsl Materials Active Region | Run

RATRO I
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Step 6 (Continued): Viewing the properties from SiLENSe

- 1. Select |-V Characteristics to
File Options Configuration Picture Help VIEW the Current denSIty and |QE

14 Characteristics™| Spectra I

T=300 5ource:|um-300.5c

=4DD Source:um-4DD.st
=500 S ource:lum-500. 50
Current density, Alcm*2 ( Bias, V) IQE (Current density, Alcm"2) . . .
B S S B B 0528 The files imported at the previous
0.4 stage contain the following data:
2. Select a file for a  Current density as a function of
temperature of interest | .. //. SRNICEES the bias
from the list of loaded | | // ! 501 * Internal quantum efficiency as a
files ' function of current density
———— i/ 0.336 * Emission spectrum for each
f A S R 7 B A B S B bias
A 0.288
H H H H y H H H H H 024}
EA2 - A
E H H H H H 0.192
SISELY RE 00 N VA SS S N
H H H 4 H H H H 0.144 1
2 T T R T S R R R 3. Plots for all loaded files are drawn.
. 1E24 b S IS LI i i
ﬂl 035071.05141752124528315353.8542 1E-24E-2HE-18E-181E-121E-9 1E-6 1E-31E+(ME+31E+ The SeleCted plOt 1S dr_awn In red' The
X Delote_| other plots are drawn in blue
- ¥ ani Y i Scale ¥ ¥ ani Y i Scale ¥
X Delete Al | ’7 28| #8] oeteut | (3'3' Defau | ’7((: i ’7 28| #8] oeteut | (3'3' Defau | ’7((: i
& Computed by SiLENSe " Parametric Approximation ¢ Table Input

Geom I Grid I Layersl Functionsl Materials Active Region | Run RATROI
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Step 6 (Continued): Viewing the spectrums from SiLENSe

= =
File Options Configuration Picture Help 1. Select Spectr‘a to V|eW the to
T=300 Source:|um-300.sc _l:" Characteristics  Specta VIEW the emISSIOn Spectrum

05

]

s 1E+217,

21 '

2. Select a file with the data for 1E+20-§
a temperature of your interest
from the list of loaded files 1E4191

4. View the emission intensity as a

28 sl function of wavelength at the
28 i selected temperature and bias
3

1E+T

1E+16 !

Emission Intensity, photonfcm®2/nm

8 1E+15);

1E+14 1!

1E+13 ]

. T e e e
& Led 3 Select a bias from 330 340 350 360 370 380 390 400 410 420 430 440 450

the list of voltages Harienat.om

¥ Delg

Al Y awi —?_E:aleX ?_E:aleY Line Wfidt
* i li
3 Delete All | ‘l H ‘ :,g| ;;| Default | hz' j:l Default | el |§§c‘"—‘ ’76_ E;E"—HVI'— o
Mode

& Computed by SiLENSe " Parametric Approximation " Table Input

Geom | Grid | Layersl Functiunsl Materials Active Region | Run F!ATROl




Step 6 (Continued):

File Ogtions Confiﬁuration Picture Helg

Tutorial 3: Specifying a New Problem in SpeCLED

IV Charactizicics

Saturation Current Density [Jo], &/em™2: |1 ell
Specific Band Gap [Eq], ev: |2.?5

Bias, =2.311

| Adem™2=3.9E2
Current density, Alcm*2 ( Bias, V)

IQE (Current density, Alcm"2)

1E+61—

Parametric specification of active region

Parametric approximation can be used
to describe the active region
properties.

Active Laper Resistance, Ohm*cm™2: |1 eh
Mon-ideality Factar m: |1 A

~Internal Guantum Efficiency [IAE}

Active Region Thickeness, nm |3
Radiative Recombination Constant, cm”™3/s |2e-11
Auger Recombination Coefficient, crm”B/s |3E-3D

Mon-Radiative Lifetime, ns {100

Power Factar: |1

Restore Defaults |

wavelengt
’V\:\u"avelength,nm
Store as Default |

Apply

Make Table |

450
A

\ Cancel |

1E+3{-

1E+24-

E+1§--bact-
— i
1B+ -t T T

Rl m RN LR

1E3f- A
1E4 A
P1SR | L BT  E S

BTSSR I 0 ) 0

4.

In

B2

parametric

emission

mode,
iS monochromatic.

1E-8

1E-T

00387611521 2286503423&1

1E’4E‘I‘I‘E‘IHI‘I+

Specify the wavelength here.

I a——

| 8
=]

1. Select Parametric
Approximation

knd
Mode

" Computed by SiLENSe

Geom I Grid I Layersl Functionsl Materials Active Region | Run

RATRO I

2. These parameters describe the
dependence of the p-n junction
current density on the p-n junction
bias, j(U). Feel free to edit the
default set as you wish.

3. Dependence of IQE on the p-n
junction current density, IQE(j)). Edit
the default values as you need.

Please, read the manual for details
about parametric approximation of j(U)

and IQE()).

5. Input of tabulated data for
the active region properties

/
& Parametric Approximation ¢ Table Input << iS aISO available
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Step 7: Specification of the heat transfer problem

File Options Configuration Picture

_——]

2. Radio group Heat Transfer enables one
computation of the current spreading at fixed temperature and
coupled problem of the current spreading and heat transfer

to switch between

Heat Transfer
Initial T b
" Isothermal Current Spreading ] RS
& Coupled Current Spreading and Heat Transfer T.K |3|]|]

Light Extraction Efficiency [0.1] II].25

Heat Transfer Boundary Condition

Alpha, WIm2/K. Ta, K

3. Input device temperature for
isothermal problem. Otherwise, input
initial guess for the temperature

" Series Calculation for SimuLAMP

I -| |300
“Material pPAD External Surface I J I
p-semiconductor Ip—GaN j nPAD External Surface II] j |3I]I]
n-semiconductor In—GaN j Substrate Bottom Surface |1 ES j |3I]I]
X—_
p-electrode IAu j —Contact Resistance [Ohmem ™2}
n-electrode IAu j pElectrode II]
p-pad IAU j nElectrode II]
n-pad IAu j
substrate ISapphire - Current | Solver Settings | Output |
[ L ~ Single Calculation
n-spreading layer — ¢ Series Caloulation

1. Select Run

Total Current Range ‘Woltage
Min I‘ID i Initial Voltage, W |3.5
“oltage Fitting Step, W 01
Max 150 mé

“oltage Variation Step, ¥

Run Solver |

\

4. Considering the chip where
substrate is mounted onto the heat
sink, let us specify the heat transfer
coefficient for substrate bottom
surface only. Reasonable default is
1e5 W/(m23K).

For our case, let us keep zero values
for the heat transfer coefficients for
pads. On the contrary, for flip-chip
mounted LEDs one should specify
heat release through the pads.

All  other surfaces
considered adiabatic

are always

Geom I Grid I Layersl Functionsl Materials I Active Region Run
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Step 7 (Continued): Specification of global parameters

File Options Configuration Picture Help

can

Heat Transfer

" Isothermal Current Spreading

e

Light Extraction Efficiency [0,1] II].25

—h

7

p-semiconductor Ip—GaN

n-semiconductor In—GaN

@ Coupled Current Spreading and Heat Transfer T T EI/
_ ranzfer Boundary Condition:

1. Assign some initial guess for Light
Extractions Efficiency (0.25). This value

be wupdated after light extraction

computations are made by RATRO

Alpha, WIm*2/K Ta, K
pPAD External Surface |0 ~| |300

~| |300

nPAD External Surface II]

Substrate Bottom Surface |1 ES

~| |300

p-electrode IAu

n-electrode IAu

p-pad IAu

—(Contact Resistance (Ohm*cm™2)

pElectrode II]
nElectrode II]

2. Having no additional information,
let us keep zero values for the
electrode contact resistances

n-pad IAu

LelLed Leflef Lo fLef L]

substrate ISapphire

p-spreading layer

n-spreading layer

DA —

Current | Solver Setlingsl Outputl
rComputation Mode———————————
" Single Calculation
@ Series Calculation
" Series Calculation far SimulAMP

rTotal Current Range Voltage

2. Select the materials for
the die layers:
p-semiconductor — p-GaN,
n-semiconductor — n-GaN,
p-electrode,

n-electrode,

p-pad and n-pad — Au,
Substrate — Sapphire

Initial Yoltage,
Woltage Fitting Step, '

Min  [10 "y

Max  [150 mé

Woltage Variation Step, ¥

Run Solver |

GeomIGrid eay ] ] ]

Light Extractions Efficiency is used
to calculate the external quantum
efficiency and wall-plug efficiency.
For simulations with self-heating
effects, it is also used to determine
the heat source related to light
absorption in the chip (it is assumed
that all absorbed light contributes to

the heat source in the active region)
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I . .
Step 8: Running computations

Before running the computations, do not forget to select the File -> Save As ... menu item to save the project

i The following modes of running
Current | Solver Settings | ﬂ'-ltll'-ltl computation are available:

—Computation Mode ' _ . « Single Calculation
1. To run a computations for a given « Series Calculation

SIULTE, JEE S W) = ezl » Series Calculation for SiImuLAMP

f+ Single Calculation

" Seres Calculation

" Seres Calculation for SimulsMP

—Taotal Current —oltage ]
|1 oo e Initial Wolkage, ¥ 3.9
altage Fitting Step, 01 - J 3. Set parameters of the current
~. fitting by the voltage variation:
Initial Voltage = 3.5V

2. Set current to 100 mA

Voltage Step = 0.1 V - a fitting
parameter, can be rather high

3. Run

Hun Solver




m Tutorial 3: Specifying a New Problem in SpeCLED
I

Step 8 (Continued): Running series computations

Current | Solver Settingsl Dutputl

2. Specify the following values:
Total Current Min 10 mA
Total Current Max 150 mA

—Computation Mode—————
{” Single Calculation

1. To run a computations for a given
4 current range, use Series Calculation

{* Seriez Calculation
" Series Calculation for Sirnul2kP

Initial Voltage 3.5 V - initial voltage

—Tatal Current Fange —oltage is used only for fitting the minimal
Min |10 s Initial Yaltage, W 35 current (h_erg, 10 mA) by the
M F Yaoltage Fithing Step, W 1 voltage variation

|'|'|.|':'|| o g
Valage Variation Step, Voltage Variation Step 0.01' V -
step of the |-V characteristics,

should be rather small

Run Solver




—m Tutorial 3: Specifying a New Problem in SpeCLED
I

Step 8 (Continued): Running computations for SimuLAMP

1. To run a computations for a given
current for SimuLAMP software, use
Current | Solver Settings | | Series Calculation for SimuLAMP

—Computation Mode "
{” Single Calculation

2. Specify the current range and other

(" Seriez Calculation parameters similarly to series calculations
{* Senes Calculation for SirmuLAkP
o~
—Tatal Current Range —Wioltage
b 10 - Initial “oltage, R
— Yoltage Fitting Step, W 0.1
Max  |150 - -
Yoltage YWanation Step, W

Export To SimuLakdP

Submount Termperatures |3EIEI 350 400
A

\

3. Specify the list of chip
temperatures

4. Run

Run Solver




End of Tutorial 3



