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Introduction

The Laser Parameter Extractor is a software tool that enables parameter extraction
for simulation of semiconductor lasers. Laser Parameter Extractor capabilities are
derived from Optiwave’s software, OptiSystem.

Laser Parameter Extractor generates a set of parameters for a laser rate equation
numerical model using measured parameters defined by the user. The set of physical
parameters generated are based in the well known laser rate equation modeling for
single-mode semiconductor laser. OptiSPICE laser model uses these parameters set
to simulate the attributes of the laser.

Figure 1 Laser Parameter Extractor GUI
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INTRODUCTION

Main features

The main features of the Laser Parameter Extractor include:

Feature Description

Graphical user interface A comprehensive Graphical User Interface (GUI) controls
the laser input parameters, output results, presentation
graphics and post-processing.

Numerical engine Accurate parameter extraction of lasers is based on
minimizing the sum of squared errors between measured
values and calculated values from the rate equation
parameters.

Visualization capabilities =~ Powerful & intuitive result management allows users to
graph almost any set of results available in design. Results
are grouped into resizable, moveable views that supports
text, tables, 2D and 3D graphs.

Post-Processing A waveform calculators that uses standard Microsoft
VBScript allows for unparalleled capability and flexibility to
analyze simulation results.



Laser Parameter Extractor GUI

When you open the Laser Parameter Extractor, the application looks like Figure 1.

Figure 1 Laser Parameter Extractor graphical user interface (GUI)
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LASER PARAMETER EXTRACTOR GUI

Main parts of the GUI

The Laser Parameter Extractor GUI contains the following main windows:
* Project Browser
* Parameters tab
e Output tab
* Post-processing tab
*  Views tab
+  Calculator
»  Calculation Output
*  Views
« Status bar
*  Menu bar

Project Browser

Project browser allows the user to organize the project to achieve results more
efficiently, and navigate through the current project, access parameters, results and
views.(see Figure 2).

Figure 2 Project browser (Parameters tab)
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LASER PARAMETER EXTRACTOR GUI

Parameters tab

Lists the properties of the current project. Users can access the parameter editor by
double-clicking on any parameter in the list.

Output tab

Displays the results of the calculation (see Figure 3). User can drag-and-drop results
into views or simply double-click on any result in order to launch the default view for
a given result.

Figure 3 Project browser (Output tab)
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LASER PARAMETER EXTRACTOR GUI

Post-processing tab

Displays the post-processed results from the calculator (see Figure 4). User can drag-
and-drop post-processed results into views or simply double-click on any post-
processed result in order to launch the default view.

Figure 4 Project browser (Post-processing tab)
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Views tab
Post-processing tab

Displays a list of views that represent active windows containing and displaying
results (see Figure 5).

Figure 5 Project browser (Views tab)
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LASER PARAMETER EXTRACTOR GUI

Parameter Editor

Double clicking on any parameter in the Project Browser will open the Parameter
Editor (see Figure 6). The Parameter Editor allows you to view the list of global
parameters of the active project.

Note: Please refer to the Technical Background for the description of the parameters listed
in the editor.

Figure 6 Parameter Editor control
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Calculation Output

Information regarding the progress of the calculation is displayed in the Calculation
output (see Figure 7).

Figure 7 Calculation output
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LASER PARAMETER EXTRACTOR GUI

Views

Views are windows that contain results from calculation or post-processing (see
Figure 8). They display 2D and 3D graphs, tables and text. A user can create an
empty view by clicking in one of the toolbar buttons such as Create 2D Graph View,
Create 3D Graph View, Create Grid View or Create Text View. Alternatively, by
double-clicking on a result, a view will be automatically created or by selecting a result
and clicking on the context menu (right-click) and selecting View.

Figure 8 Multiple views

=101x| =1olx|
E Dbl Click On Objects to open properties. Move Objects with Mouse Dr E Dbl Click On Objects to open properties. Move Objects with Mouse Dr
e e ettt e
)
k=
ED_.
8-
ATl L i i
LR U ¥ V El
"
-
[}
E
]
-1
5!3
. T . . ” D....S....B....g....12
Frequency modulation (GHz)
TR SET
Damping fac| Resonance |Damping fac Resonance ﬂ 17.474177499560462-018 ;I
0.58868042023613582-01
1 §.888337481 | 5.733453743 | 37 61074852 | 33.285955978 20.9999928995198325
5 .
3
4
5
L]
[
8
9
10
11
12
13
14
15
16
17
18
19 - -
<|| H oz <|| H oz




Calculator

LASER PARAMETER EXTRACTOR GUI

The Calculator control allows you to operate on the output results to create new
results and graphs. By selecting one or more results or 2D graphs the user can select
the Calculator on the context menu (right-click). In order to create new results the user
provides a script (Microsoft VBScript Language) that operates on the available
variables - the output results MUST be provided to the Y variable.

Figure 9 Calculator

E calculator e x|
Name Variable Type oK |
Measured subtracted IM response A 2DGraph
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- Cutput
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—Output
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0.17808 0.02575733160413887
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Status bar

Displays useful hints about using the Laser Parameter Extractor, the time and

progress of the calculation (see Figure 10).

Figure 10 Status bar
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LASER PARAMETER EXTRACTOR GUI

Menu bar

Contains the menus that are available in the Laser Parameter Extractor (see
Figure 11). Many of these menu items are also available as buttons on the toolbars
or from other lists.

Figure 11 Menu bar

File Edit View Window Help

Toolbars

You can select the toolbars that you want to have available in the main layout window.
The toolbar options include:

Contains the buttons to perform all

Standard 2| typical windows application
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Calculate, pause or stop the project calculation.
x
Calculation
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Menus and buttons

This section describes the menus and buttons available in the Laser Parameter

Extractor.
File menu
File menu item Toolbar Description
button
Create a new project.
New (Ctrl+N) [ )
Open an existing project. Select the project from the Open dialog box.
Open (Ctrl+0) = 9 prol ) 9
Close Close the active (current) project. You are prompted to save changes.
Save the active (current) project under the current name in the default location.
Save (Ctrl+S) =
Save the active (current) project with a different name and in a location that you
Save As
select.
Print the active (current) project.
Print (Ctrl+P) = (current) pro
Print Setup Set up the printer, page size, orientation, and other printing options.

(‘, 10



File menu item

Toolbar
button

LASER PARAMETER EXTRACTOR GUI

Description

Print Preview

Preview the active (current) project.

Calculate (Ctrl+F5)

Calculate the active (current) project.

Recent files List the most recent files that you worked on.
Exit Exit the application. You are prompted to save changes to the project.
Edit menu

Edit menu item

Toolbar
button

Description

Undo (Ctrl+2)

5

Undo the last change made in the active (current) layout. You can undo all actions
until the last saved operation.

Remove all selected objects and place them on the clipboard.

Cut (Ctrl+X) 3
5 Copy selected objects to the clipboard. The selected objects remain in the active

Copy (Ctrl+C) Py ! P !

project.

Copy objects from the clipboard and paste them in a user-defined location—the
Paste (Ctrl+V) i same layout, a new subsystem, or a new layout.

View menu
View menu item Toolbar Description
button

Toolbars
Standard Select to display the Standard toolbar.
Calculation Select to display the Calculation toolbar.
Status Bar Select to display the Status Bar.




LASER PARAMETER EXTRACTOR GUI

Window menu

Window menu Toolbar
item button

Description

Cascade

Arranges all open views in a cascading format.

Tile

Arranges all open views in a tile format.

Arrange icons

Lines up minimized views at the bottom of the application.

Help menu

Help menu item

Description

About Laser Parameter Extractor

Provides information about Optiwave Systems inc.—mailing address, telephone and
fax numbers, E-mail address, and URL.




Quick Start

Starting Laser Parameter Extractor

¥ Laser Parameter Extractor - Laser Parameter Extractorl -(0f x|

This section describes how to run a project, edit parameters, and obtain results.

To start Laser Parameter Extractor, perform the following action.

Action

* From the Start menu, select Programs > Optiwave Software> OptiSPICE

1> Laser Parameter Extractor.

Laser Parameter Extractor loads and the graphical user interface appears

(see Figure 1).

Figure 1 Laser Parameter Extractor graphical user interface (GUI)
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QUICK START

Viewing and editing parameters

To view and edit the project parameters perform the following action.

Action

* Inthe Project Browser, double-click on any parameter in the Parameters tab
to view and edit the parameters for the project.

The Parameter Editor (see Figure 2) dialog box appears.

Figure 2 Parameter Editor

|
Main IthsicaI l Graphs I
Hame Value Units Cancel |
Export model to library r
Model library file name LaserModels. libx il
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Resonance frequency factor 4535 12 Hz 2
Threshold current 18:ma
Reference current F3imA
Slope efficiency data I
Slope efficiency 032 mémd
Power at reference current 1.3 8 mldd
Laser linewicdth data -
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Turn-on delay data -
Turn-on delay 0.5:ns
Average RIN data -
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RIN stop frequency 15 GH:
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QUICK START

Parameters are organized by categories. Laser Parameter Extractor has three

categories, each represented by a tab in the dialog box:

Each category has a set of parameters. Parameters have the following properties:

*+ Main

* Physical
* Graphs
*  Name

* Value

*  Unit

The first category is Main. By default, Laser Parameter Extractor will use a the
Damping factor (10.28 x 10% s") and resonance frequency factor (6.43 x 102° Hz?)
parameters for the laser frequence response, threshold current of 18 mA, reference
current of 23 mA and slope efficiency of 0.3 mW/mA. The second category is
Physical, and it defines the intial estimation for the laser rate equation paramaters
optimization process (see Figure 3). For a detailed description of each parameter
please refer to Technical Background.

Figure 3 Parameter physical.
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QUICK START

Parameter settings to create a laser library for OptiSPICE

To create a laser library for OptiSPICE perform the following actions.

Step Action

1 In the Project Browser, double-click on any parameter in the Parameters tab
to view and edit the parameters for the project.

The Parameter Editor (see Figure 2) dialog box appears.

2 Enable Export model to library by selecting the box inside the value box.

3 Once the Export model to library parameter has been set to True, the Model/
library file name and Model name parameters will be available for editing. Set
the Library file name - LaserModels.libx is the root name for the library and
list of files generated by the Laser Parameter Extractor (see Figure 4).

4 Set the Model name parameter, the file destination generated by the Laser
Parameter Extractor . LASERMODEL1 is the default value name generated.

5 Click on OK

Figure 4 Settings to create a laser library.
(B rorumerercaree x
Main IPhysicaI ] Graphs I
Hame Value Units Cancel
Export model to library F- —I
Model library file name LaserModels. i L}
Model name LASERMODELY
Frequency 434 THz
Frequency response data type Parameters
Subtracted IM response filename CADptwave\Developme _|
Damping Factor 0,28 {ed s
IResonance frequency factor G432 Hz 2
IThreshol(l current 15:ima
Reference current 23imA
Slope efficiency data I~
Slope efficiency 8.5 mFmd
Power at reference current 15 ml!
Laser linewicdth data r
Laser linewidth 10 MHz
Turn-on delay data r
Turn-on delay d5:ins

- Average RIN data r

. Average RIN - 140 B Hz

; RIN start frequency 0.2 GHr

| RIN stop frequency 15 GHr
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QUICK START

Running a simulation

To run a simulation and create a library file for OptiSPICE, perform the following
procedure.

Step Action
1 In the Calculation toolbar, click on ‘Play’ (see Figure 6).
The Calculations starts (see Figure 6).

Figure 5 Calculation toolbar

Figure 6 Calculation Output

Calculation starked at Tue Apr 25 2009 11:37:42 AM bbbk

¢ [Creating XML document: [0 %]
Docurnent successhully created... [0 %]
Saving model to library ‘LaserModels libx'. .. [0 %]

= |Creating library [0 %]
brary successfully created... [0 %]
hecking library tvpe and version. .. [0 %]
™ Model successfully added to library 'LaserMadels libx'... [0 %] -|

At the end of the calculation the output tab will contain the results of the simulation.




QUICK START

Visualizing results

To view the results from the calculation, perform the following action.

Action

1

In the Project Browser, click on the Output tab to view the results for the

project (see Figure 7)

The list of results for each optimization processes includes single values
(laser rate equation parameters and calculated results based on these
parameters), and 2D Graphs (LI Curve and Normalized IM response for bias

current)

Double-click on Normalized IM response result.
The 2D Graph view appears (see Figure 8).

Figure 7 Output results
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QUICK START

Figure 8 Normalized IM response

E Laser Parameter Extractorl:2 = | Ellll
E Dbl Click On Ohjects to open properties. Maove Objects with Mouse Drag

IM response (WIA)

-10

a 2 4 g g 10
Modulation frequency (GHz)

The contents of LaserModels.libx are depicted in Figure 9. LaserModels.libx contains
the list of laser models generated after the calculation. The Laser model contains the
information (laser rate equation parameters) generated by the LPE.



QUICK START

Figure 9 Contents of the file generated by the Laser Parameter Extractor.

Bl LaserModels.lib: - WordPad —1Oof x|

File Edit “iew Insert Format Help

Dz S sl e =] =]

<?xHml wersion="1.0"2>
<OptiSPICE model library version="1.0" type="user":>
<LASER>
P IO > T T A A A R AR AR A AN AN A AN AR AR AR R AR AR AR A AAAmEEmEmEEEmEEEm W

*

- Created by OptiSPICE Laser Parameter Extractor 1.0
*

- Date Created: Fri May S 2009 9:39:13 4M
*

B L]

.model LASERMODEL1 LASER

+ TAUN = 7.07851e-010 TAUP = S.285595=-013

+ NumModes = NMODES NO = 1.0531e+018 GAMMAS = 0.312177

+ BETAS = 0.000100575 EPSI = 1.8703e-017 Qeffd = 0.763574

+ GAINS = 1.33424e-006 LASERVOL = Ze-011 ALPHA = 5

+ level=1 BV = 3.5 level=1 N=1.3 CJO=0=-3 CJP=0 RS=0 IS=.5e—-%
+ TLEVC=0O

</SPICE>

</ LASER:>
</ OpriSPICE_wodel_ likrary>

=l

Saving the project and closing Laser Parameter Extractor

To save the project and close the Laser Parameter Extractor, perform the following
procedure.

Step Action

1 From the File menu, select Save or Save As...

2 From the File menu, select Exit.
Laser Parameter Extractor closes.
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Parameters
Main

Name and description
Export model to library

Defines whether to generate the library that
contains the laser model attributes for
OptiSPICE

Default value

False

Default unit

Value range

False, True

Model Library file name

The library file name containing the laser models

LaserModels.libx

Model name

Unique name for the laser model

LASERMODEL1

Frequency

Emission frequency

193.1

THz

(30, 3e5]

Frequency response data type

Defines whether tthe frequence response data is
defined by the damping factor and resonance
frequency factor parameters or by the subtracted
IM response curve

Parameters

Parameters,
Response curve

Subtracted IM response file name

File containning the subtracted IM response
curve

IMResponse.dat

Damping Factor

The measured damping factor of the laser

10.28

1e9 s™-1

[0.0001, 1000]

Resonance frequency factor

The measured defined resonance frequency
factor

6.43

120 Hz"2

[0.001, 1000]

21 (‘)
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Name and description

Threshold current

The measured threshold current of the laser

Default value

18

Default unit

mA

Value range

[0.001, 1000]

Reference current

The reference current used to estimate the
measured output power

23

mA

[0.001, 1000]

Slope efficiency data

Defines whether to use slope efficiency or power
to estimate the LI curve

True

False, True

Slope efficiency

The measured slope efficiency of the laser

0.3

mW/mA

[0.001, 1000]

Power at reference current

The laser power at the reference current

1.5

mwW

[1e-10, 1000]

Laser linewidth data

Determines whether the linewidth will be part of
the parameter extraction procedure

False

False, True

Laser linewidth

Specifies the laser linewidth for the steady-state
condition

10

MHz

[0.1, 2000]

Turn-on delay data

Determines whether the turn-on delay will be part
of the parameter extraction procedure

False

False, True

Turn-on delay

Specifies the laser turn-on delay

0.5

ns

[0.001, 2000]

Average RIN data

Determines whether the average RIN in a
specified bandwidth will be part of the parameter
extraction procedure

False

False, True

Average RIN

Specifies the average RIN value for the steady-
state condition over the frequency bandwidth
defined by the values of RIN start and stop.

-140

dB/Hz

[-500, -50]

RIN start frequency

Specifies the initial frequency of the frequency
range where the average RIN is calculated

0.2

GHz

[0.01, 30]

RIN stop frequency

Specifies the final frequency of the frequency
range where the average RIN is calculated

15

GHz

[0.01, 30]

( ‘, 22
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Physical
Name and description Default value Default unit Value range
Quantum efficiency 0.2 — 0,1
Spontaneous emission factor 0.0001 — 1e-9, 0.1
Gain compression coefficient 1.5e-017 cm? 1e-20, 1e-14
Carrier density at transparency 1e+018 cm3 0, 100e18
Differential gain coefficient 1.765e-016 cm? 0, 1e-13
Group velocity 8.5e+009 cm/s 0, 100e9
Linewidth enhancement factor 5 — 0, 100
Mode confinement factor 0.2 — 0,1
Photon lifetime 1e-012 s 0, 1000e-9
Active layer volume 2e-011 cm? 0, 1e-3
Recombination model Lifetime — Lifetime,

Coefficients

Carrier lifetime 1e-009 s 0, 1000e-9
Recombination coefficient A 100000000 1/s 0, 1e15
Linear recombination coefficient
Recombination coefficient B 1e-10 cm”3/s 0, 1e-9
Bimolecular recombination coefficient
Recombination coefficient C 3e-029 cm”™6/s 0, 1e-9
Auger recombination coefficient

Graphs

Name and description Default
value

Calculate graphs True True, False
Defines whether to calculate graphs or not
Number of current points 20 [3, 1000]
Number of points for the graph
Lower current 0 mA [0, 1000F]
Current lower limit for the graphs
Upper current 40 mA [0, 1000]
Current upper limit for the graphs

23 (‘,
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Name and description Default Units Value

value range

Number of frequency points 50 [3, 10000]
Number of points for the graph

Lower frequency 0.1 GHz [0, 100]

Frequency lower limit for the graphs

Upper frequency 10 GHz [0, 100]

Frequency upper limit for the graphs

Technical Background

The laser parameter extractor tool extracts values of the rate equation parameters
using measurements of the threshold current, optical power, resonance frequency,
and damping factor to simulate a DFB laser.

Based on the results featured in [1], the values of the rate equation parameters are
calculated in a way that parameters simultaneously yield the measured values of Y
(damping factor), Z (resonance frequency factor), ly, (threshold current), and P
(Power bias). The parameter extraction procedure is based on minimization of the
sum of squared errors between the measured values of (Y, Z, Iy, P) and values
calculated from rate equation parameters. The minimization is over the values of the
rate equation parameters which are:

Damping factor
S 1 - 1 1
Y = go-—————-—_—+——1“-g0(N—Nt)—-——————_—-E+—
(1+¢-8) 7, (1+e-8)"

Resonance frequency factor

S 1 8o .~ 1 1
(1+¢-95) T, T, (1+¢-5) Ty Tn
Threshold current
/ _q-v 1+N,-T'-g,-1,
th — ’ r-o -
T, g7
Power bias
2-Frp
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where g, is the gain slope constant, g, = v, -a

is the active layer coefficient
is the gain compression factor
is the carrier density at transparency

is the fraction of spontaneous emission coupled into the lasing
mode

is the mode confinement factor

is the differential quantum efficiency
is the active layer volume

is the photon lifetime

is the electron lifetime

are the steady-state values of the carrier and photon densities
corresponding to the bias current of the laser

is the unmodulated optical frequency
is the group velocity

is the Planck’s constant

The minimization routine finds a local minimum for the equation
_ 2 2 2 2
o (Ymea_ Ycal) + (Zmea_zcal) + (Pmea_Pcal) + (]mea_[cal)

zZ ,.P

e’ “mea’ mea’lmea

where (7, ) are the measured valuesand (v._,Z P

cal “cal’” cal

I1.,) arethe
calculated values using the initial estimates of the rate equation parameters.

The user can also calculate the subtracted IM response from the measured IM
response curves (Figure1) and load a file with this information into the component.
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IM RESPONSE (dB W/A)

This will allow a pre-optimization step, where the component fits the parameters Z and
Y to the measured results.

Figure 1 Measured IM responses

ibias = 20 MmA

-75 . ] . | . 1 1 . ]
0 2 4 3] 8 10 12

MODULATION FREQUENCY (GHz)

The file format for the subtracted IM response data is the following:
Frequency0 SubtractedIMO
Frequencyl SubtractedIM1
Frequency?2 SubtractedIM2

FrequencyN SubtractedIMN

The units are GHz and dB respectively.

The laser measured can also include the turn-on delay parameter in the optimization
process. In this case, the turn-on delay value specified defines the time needed for
the carrier density to reach the threshold carrier density when the laser current rises
to the reference current. The calculation of the turn-on delay is based on the definition
find in [1].The laser linewidth parameter can be included in the optimization process
by defining the linewidth value for the laser when the bias current is the reference
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current parameter [4]. The RIN is calculated according to [2][3] and the user has to
define the average RIN value in the defined frequency range.
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