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Introduction

-

Unigit is a rigorous diffraction solver for 2D (1D periodic) or 3D (2D periodic) multilayer
stacks (see figure 1). It runs on PC with Windows NT, Windows ,20006dows XR Vista
and Windows 7 both 32 and 64 bit machines
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Figure 1: Schematic representation of a multilayer stack

X

Unigit comprises two basic solution algorithms:
¢ the Rigorous Coupled Wave Approach (RCWA) a.k.a. Modal Method with Fourier
Expansion (see e.qg., /1/, /2/)
e and the Rayleigh Fourier Method (/3/) which is not rigorous.
Both algorithms are embedded in the samad®rix algorithm (see e.qg., /4/) ensuring a high
degree of stability as well as flexibility. The algorithms can be applied layer wise, i.e., one
layer can be treated with Rayleiglourier and another layer with RCWA.
The implementation was done in compliancehwit Li f eng Li 6s factori za
/' 51) . The 2D algorithm follows closely Lifer
of the Lalanne method /7/ insteafithe Li Method

Unigit consists of a Graphical User Interface (GUI) and 3pmdation kernels.
The computation kernels are:
e unigit_1D.exe: A solver for line/ space (1D) gratings in classical mount,
e unigit_co.exe: A solver for line/ space (1D) gratings in conical mount,
¢ unigit_2D.exe: A solver for nenrthogonal crossed (2D) gratmsg

The 3 computation kernels can be utilized without the Wi@¢it by embedding it in user
applications. This can be done for example with Matlab, Visual Basic, C++ or C#.

1. Central Control Board

1.1 Introductory Remarks

The central control board is actiedtimmediately after the UNIGIT program is started. It
appears as shown below.
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UNIGIT Central Co

—Loo
-+ —Wavelength in pm])
" Lambda 06
— Rayleigh-Orders
" Truncation I'B lS
— Incidence Angle [polar)
& Theta_i Start |0 End IU Step l5

[V TE-Computation
V' Th-Computation

Active Stack File
|7 C:\Programme’\0 ptimodi\Unigit\Stacks\dielgrat_1d.txt l

—Stack————————— - Result File[s)

Select I NotePadI Add | Fiemove' No File Selected Diaaram I

Edt | New |

— Output
Selectl NotePad I

Edit |

— Computation———— < | —'I
%" 1D Classic Save Result in:

" 1D Conical | C:\Programme’0ptimodiUnigitR esults\Achimbtest |

2D
Delete File I Notepad I

Start | Carncel' j Exit

Mainly, the central control board serves for:

The preparation of the input files of the underlying Grating Solver Code,
The launch of the Grating Solver and
The grapital presentation of the calculation results.

1.2. Computation Preparation

An essential function of the central control board is to determine the excitation conditions for
the diffraction calculation. Especially, the following parameters may be defined:

The wavelength (to be entered in microns),

The truncation number (i.e., the minimum and maximum Rayleigh order to be kept in
the diffraction matrix algorithm),

The (polar) incidence angle and
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The azimuthal |nC|dence angle (This option is activateyl ionthe conical and 2D

case).

A loop option is linked to these four parameters. This means that the computation will be
performed for several values of this parameter defined by a start, stop and step value.

Optionally, one geometry parameter of thektaay be also integrated in the loop selection.

In order to do this, the particular parameter has to be indicated by means of a dollar sign at the
end of its line in the stack file. You can do this by opening the file with the notepad button.

The given eample shows the selection of the grating thickness as a parameter.

1ol
Datei Bearbeiten Format Ansicht ?

'1D_stack’ |
1.000000 S/ Gitterperiode Z in um

1 /7 Aanzahl der schichten

0 /7 Direct Input *¥

(1.000000,0.000000) // rRefraction Index

0.000000 S/ Dicke Superstrat##d#ss

4] S/ Direct Input ¥

(1.500000,0.000000) // rRefraction Index

0. 000000 /7 Dicke substrat#ddssd

4 S bin ##ded

2 /7 anzahl Bereiche

0 /7 Direct Input *¥

(1.000000,0.000000) // rRefraction Index

0. 500000 S/ Z-wert

4] S/ Direct Input ¥

(1.500000,0.000000) // Refraction Index

1.000000 S Z-wert

0.400000 /7 schichtdicke rRCwa diskret #FEEEES

<] A%

The mark is recognized automatically and an additional radio button together with input
field(s) pops up after saving the change and leaving the notepad editor. This is shown below.

"= UNIGIT Central Control Board =101 %]
— Loop -
—Wavelength (in pm)
" Lambda 0.6
— Rayleigh-Orders
" Truncation I'B lB
— Incidence Anagle [polar]
(¢ Theta i Start IU End lU Step |2
\
= otack Parameter ——
C widcard 01 I~ ,>

[V TE-Computation

e

V' TM-Computation

~Active Stack File

Furthermore, in case of classical diffraction the polarization of the incident light may be
chosen (The selection fields are positioned at the same place where the radio button and the
input fields for the azimuthal incidence angle occurs if conical diffsa computation is

chosen). The light may have Jblarization or TMpolarization.
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Eventually, the solver routine has to specified. This has to be done, of course, related to the
selected stack file, i.e., you can run 1D stack files only with a 1neo(&D classical or 1D
conical), similar applies for 2D.

There are three solver routines available:

e 1D classicalfor line space gratings in classical mount, i.e., azimuthal angle is equal to
0 and no polarization coupling occurs.

e 1D conicalfor line spae gratings in conical mount, where the azimuthal angle can be
freely defined. Here, the polarization may couple between TE and TM and therefore
the polrisations cannot be separated any more.

e 2D for crossed gratings. These gratings are characterized kspatial periods. When
the two periodic directions include a 90 degree angle, it is called an orthogonal
grating. Otherwise the grating is called ramthogonal. Furthermore, the 2D grating
can be run either acc &ftodbasedyp tLoa |La nfneenbgs L
approach [/ 7/ . The selection is done by
Lalanne approach is asking for an weighing factor (factiorequation 1b of /7/, it

has to be between 0 and 1) as shown below.
Computation u—

" 1D Classic Save Result in:

" 1D Conical IE:'\F'rngramme'\Dptimnc

* 20

Flla [05] ||| _Deere |

Lalanne Factor For eps weighting I—
The computation time of The Tazt Tun waz B sec

Start

Canc

1.3. Computation Run

The computation is launched by clicking the START-button below. Before hitting the

button, make sure that the wanted stack-file is selected complying with the computation
mode (1D or 2D). Otherwise an error message will occur. During computation, a DOSwindow
appears which may show additional information about the state of numerical calculations.
The START-button will be replaced by a progress indicator. After having completed the task,
the START-button appears again and the computation time is displayed above the button.

During computation, the plro?ress is shown instead of the START button.
4

: Computation

|| " 1D Classic Save Result in:
€ 1D Corical |C:\Programme’\0 ptimodtUni
* 2D

LA Delete File |

The computation time of the last run was 15 sec

25% done Cancel
(T

It is possible to stop the computation with the CANCEL button. If you have checked the
AShow I nfo in DOS Windowo check box or the ANoO
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editor, a DOS window pops up during computation showing either intermediate auxiliary
information or in the latter case the final results.

The display of the total computation time for the loop and the reappearance of the START
buttlon indicate the succgsfull accomplishment of the computation run.

The computation time of the last run was 14 sec

Start

1.4. Result Presentation

Depending on your choice in the output editor, the results are either dsiplayed in the DOS

window (and can be copied and pasted from there directly) or they are written into file(s).
Whenwrit en i nto one file (selection AAIll i n one
computation is finished in a Notepad window. To this end, you need just to call it by the
NOTEPADbutton. The corresponding part of the central control board is shown below.

order to retrieve other results, you can ut.i
and then again thdOTEPADbutton.

Save Rezult in:
IE:'xF'r-:ugramme'xElptimu:n:l'\Llnigit'\HesuIts"«.ﬁ.Chim'\test'l I

Delete File | Motepad |

Another gadget of the Central Control Board is the graphical interface. It is designed to
present the resultsiftieSi ngl e Fil eso option was chosen f

In order to view the results in the graphical window, you first have to select which data to
present. Here, you need to click thBD button (see below).

o = 1 il S]
Femove | 2 Dateilen] Diagram |

C:\Programrnesd phirnods U nigity B esultshinterface 000, m
C:4Programmeh0plimod' Urigith B ezultsinterface000. e

al | |

After clicking, a file selection dialog opens and yaan select the result files of your choice.
A preselection for the file type, i.e., reflection, transmission, TE, TM, Cross Pol. Or
Ellipsometry, can be done by means by means of the file type drop down box.
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IF!eeru:tion Files [*.re; ®m; “.ree; “.rem; “.rme; “r p

Reflection Files [*.re: * m; * ree; ™ rem; * me; *. rrnh;
Tranzmizzion Files [".te; ".tr; . tee; "tem; "tme; *t
TE Pol. Files [".re; “te; ".ree; * tee;)

Tk Pal. Files [* ron; ™.t ™ rom; ™ trm;]
Crozs Pol. Files [".rem; " me; * tem; * tme;)
JEllipzometry Files [*.rta;" roo;” tta;” toa)

All Files [*.7] :

o I A I [

After the file selection is made, the filame will appear in the related list (see above) and the
graphic can be started by clicking theAGRAMbutton. The example for the dielectric
interface is shown below.

x|

Diffraction Efficiency

—#-Scaling
& auto
= man:

mir: IU.52
mas: IU. 58
i —r-Sealing

= auto
 man.:

min: |0

0.800-

0.600-

max: |50

1

" Fixed Interval

1

0.400-

;

0.200-

0.000 22.500 45.000 B7.500 90.000
_.glinterface000.rm _.glinterface000.re

o
s

2. Stack Editor
2.1. Stack Editor 1D

This editor is devised to facilitate the assemblinghefgatterned multilayer stack. It is
launched by clicking either the EDIT or NEW button in the central control board (group field
stack). The basic dialog of this editor is shown below.
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UNIGIT Stack Editor [n x|
— Superstrat
Thickness |0 pum Direct Input, Real Part: 1.000 Imaginary Part: 0.000 Edit |
~Layers
Grating Period = |1 pm Number of Layers 8
Layer | No. | Typ | Thickness/nm
3 Thin Film 1 Thin Film 100.000
RF Palygon 2 RF-Layer Polygon 200.000
RF Sinus 3 RF-Layer Sinus 300.000
M RCWA Slice 4 RCwA-Slice hard 400.000
I RCWA Gradient 5 RCwWa-Slice gradient 500.000
M Polygon slice 6 Slicing Polygon 600.000
M \Wave slice 7 Slicing Fourier 700.000
5@ Sequence 8 Sequence 800.000
Add Layerl Edit I Move up | Move dowr‘ Copy Cut Paste Delete l Seq. Savel
— Substrat
Thickness |0 pm Direct Input, Real Part: 1.500 Imaginary Part: 0.000 Edit |
— Comment Help I
Cancel I
=l ok |

The stack editor facilitates the assembling of arbitrary multilgseging structures. To this
end, a number of buttons are arranged below the spreadsheet list.
There are several feasibilities to assemble the stack.

First, new layers can be inserted by starting the layer editor clicking the INSERT
button.

Secondan existing layer can be edited by clicking the EbLUton. This action also
launches the layer editor with the selected layer. In order to select a layer, the cursor has to be
positioned at the beginning of the associate description line.

Third, the ader can be changed by moving a marked layer up or down.

Fourth, a layer can be deleted by marking it and press the DELETE button.

Moreover, there are additional options coming with version 1.02.xx

Layers can be marked by clicking with the left m@bsitton and concurrently holding
the CTRL or SHIFT key and saved as a sequence file. The marked layers must not necessarily
form a coherent string, i.e., unmarked lines are permitted between marked lines.

Marked layers can be copied or cut and latetgab@his is also possible between
different stacks for the information is stored to the clippboard). For instance, HL(high low
index)}quarter wave stacks can be built in this way.

Basically, a multilayer comprises an arbitrary number of different lagratsedded between
substrate and superstrate.

For 1D (line gratings) there are 8 basic types of layers:

homogeneous flat layer (type 1),
sinusoidal Rayleigirourier layer (type 2),
polygonal Rayleigh Fourier layer (type 3),
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discrete RCWA layer (tye 4) and
continuous RCWA (i.e., gradient) layer (type 5).

In addition to these basic layer types,catled composite layers can be input:

polygonal RCWA layer (type 6),

sinusoidal RCWA layer (type 7) and

sequence of layers, comprising an adwg number of layers from type 1 through type
7 in an arbitrary order.

In contrast to the sinusoidal or polygonal Raylekgiurier (/3/) layer, the corresponding
composite layers are automatically decomposed (that means sliced) into discrete RCWA
slicesof type 4 immediately before being processed. A sequence of layers {staskphas

to be stored as a file in the same way as the total stack description is stored. The only
difference between a complete stack and assatk consists in that the comgletack

comprises beside the stack data the grating period as well as the superstrate and substrate
description. Moreover, a hierarchy of sequences is not permitted, i.e-staskbmust not
contain another sustack.

In order to demonstrate the variaystions of the editor, an example of a rather artificial layer
stack is shown in the picture above. In this example, the stack is embedded between air with a
fixed index of 1 and aluminum specified by thefil& (see refraction index editor).

Beside theaefraction indices, the superstrate and the substrate are also defined by a
"thickness", i.e., the position inside the material where the efficiencies are measured. These
values make sense if the phase information shall be output or if the materidiscalera.

The period of the stack has to entered into the grating period x field (upper left of the group
field "stack™). Being in the 2d computation mode a second input mask for the period in 'y
direction (orthogonal to x) is provided automatically.

2.2. Stack Editor 2D

This editor is devised to facilitate the assembling of the patterned multilayer stack fer a two
dimensional (or crossed) grating.lt is launched by clicking either the EDIT or NEW box in the
central control board (group field stack) iftheirad butt on 062D0 i s specif
control board. The basic dialog of this editor is shown below. There are two essential

differences compared to the 1D case:

First, the period in y and the namthogonality angle zeta have to be specified intamdio

the grating period in x. Note, zeta has to be put to zero for the standard orthogonal cell.

Second, there are different layer types available in 2D. The stack editor for a 2D grating is
shown below.
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UNIGIT Stack Edltor
— Superstrat
Thickness IU pm Direct Input, Real Part: 1.000 Imaginary Part: 0.000 Edit I
— Layers
Grating Period & 0.5 pm oy IU-5 um  zeta IU degrees Number of Layers 5
| Layer | No. ] Tvp | Thickness/nm
3 Thin film 1 Thin Film 100.000
EPatch 2 Patch 200.000
=Elipse 3 Elipse 300.000
A Arbitrary Fill 4 Fill2D 400.000
5@ Sequence 5 Sequence 500.000
| Add Layerl Edit I Move up I Move dowrl Copy Cut | Paste | Delete I Seq. Savel
— Substrat
Thickness IU pm Direct Input, Real Part: 1.500 Imaginary Part: 0.000 Edit I
— Comment Help I
Cancel I
| ok |

For 2D (crossed gratings) there are 4 bagies of layers:

homogeneous flat layer a.k.a. thin film (type 1),
patch (rectangle) layer (type 2),

Super Ellipse layer (type 3),

Arbitrary fill layer (type 4),

Like in 1D, sequence layers can be build. An example of the stack editor is shown in the
figure below.

RayleighFourier and the composite layers (slicing) are not available for the 2D case.

3. Layer Editor

3.1. Layer Editor 1D

The layer editor can be activated from within the stack editor. Its appearance and functionality
depends on whether the 1D @d&cal or conical) or 2D option is selected.

If activated by the INSERT button within the stack editor the layer editor will appear as
shown in the screen shot below:
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UNIGIT Layer or i x|

Name Ino hame

Layer Type  |LHallEIG ¥ | Thickness |1 pm

{Hefractive Index, Medium 1

Direct Input, Real Part: 1.000 Imaginary Part: 0.000 Edit |

2 | cancel [[ ok |

First, select the layer type from the drop down box as shown below.
JUNIGIT Layer Editor

Name |no hame

Layer Type | Thin Film x| 1

Refiactric RF-Polygon-Layer
Direct Input,| RF-Sinus-Layer oor
RCwa-Slice [Hard Transition) [

RCwa-Slice (Soft Transition)
Slicing, Polygon

Slicing, Fourier

Sequence

Depending orthe selected layer type, the layer editor shows up appropriately.
In the 1d case, there are 8 options available:

Thin Film

Rayleigh Fourier Polygonal Layer
Rayleigh Fourier Sinus Layer
RCWA Slice (Hard Transition)
RCWA Slice (Soft Transition)
Composite layer (Slicing Polygon)
Composite Layer (Slicing Fourier)
Sequence
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- 3.1.1. Flat Homogeneous Layer

If the intention is to insert a flat homogeneous layer (thin film), the only thing left to do is to
specify the thickness of the layer (it has to be entered in nsrend to the refractive index
by means of the refraction index editor. Moreover a name can be attached to the layer.

UNIGIT Layer Editor ]
Name ]Layeﬂ
Layer Type IThin Film ;] Thickness |0.2 (]
Refractive Index, Medium 1
!yDirect Input, Real Part: 1.500 Imaginary Part: 0.000
2 | cancel | ok |

3.1.2. RF Polygon Layer

This type of layer as well as the RF Sinus layer is backed by italled RayleighFourier
approach. The input Beme of the layer editor is depicted below:
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UNIGIT Layer Editor ' X|

Lk
A
it
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Name |Layert

(=TT YR | F -Polygon-Layer Thickness |0.2 pm

— Refractive Index, Medium 1
Direct Input, Real Part: 1.500 Imaginary Part: 0.000

— Refractive Index, Medium 2
Direct Input, Real Part: 1.000 Imaginary Part: 0.000

Polygon Points [relative) e Lagr ZwiEen :
% | 2 | ;
0.0000 0.0000 i . r , ;
02500  0.3000 v 1 DA R RO O 0, I
0.7500  0.3000 ' : : 1
1.0000 0.0000 0.150- b
0.100- it
% z an- v
[ [ o i
00w 0230 0500
Insert | Heplace | Delete I ®0 {0

A polygonal RFlayer is characterized by two materials that are separated by a polygonal
interface. The specification of this layer type is as follows:

First, one has to specify the refraction indiceshefrhaterials above (medium 1) and
below (medium 2) the interface by means of the respective refraction index editor.

Second, the thickness of the layer has to be fixed. In the context of a RF layer, the
thickness corresponds to the absolute gealalley value of the profile. Actually, the entered
profile is renormalized with this value.

Next, this interface profile has to be defined. To this end, the polygon points have to
be entered in the "Polygon Points" field. This can be done by means of thptwéelds
labeled with x and z below (notice that x is the abscissa and z the ordinate) and pressing either
INSERT or REPLACE. Of course, existing polygon points can also be deleted again. While
inputting the profile points one must not care aboutthsolute geometry. Only the relative
values have to be tuned to each other. In addition, the whole profile can be shifted laterally by
specifying the phase x0. In the example above a trapezium interface was defined. Of course,
all kinds of profiles includig undercuts can be defined by the suitable choice of the points
and their order. An example is shown below. It was realized by inserting a point (0.5,0.) after
the third point of the previous trapezoid profile.
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3.1.3. Rayleigh Fourier Sinus Layer

The RF sinugayer resembles widely the RF polygonal layer except for the interface between
the two media.

Here, the input procedure is the same for step 1 and 2 like in the RF polygon layer. The
profile is determined by the sinus function. The lateral shiftogaadjusted by means of the
phase x0 (a value of 0.25 defines for example a negative cosine function).

3.1.4. RCWA Slice (hard transition)

This slice type is a sort of universal work horse of the UNIGIT code. In principal, all kinds of
patterned multilayer st&s including all kinds of layers (even inhomogeneous ones = volume
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