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Rl Overview

generation and complex processing was designed to address aggressively

scaled nanoscale device architectures. Within the layout design phase,
imprecise representation of curved objects [1-37] at nanoscale dimensions re-
sults in increased line-edge roughness. Scattering events from the consequent
asperities along device peripheries leads to enhanced dissipative effects. To
circumvent these dilemmas, along with standard commercial layout tools, we
have developed a custom CAD scripting software package for directly streaming
complex shapes to GDSII.

At CNST, we have strong research efforts in nanoscale optics and photon-
ics [38-69]. Consequently, we have developed a library of nanophotonics com-
ponents (the CNST nanophotonics library contains microrings, S-bends based
on Bezier curves, photonic crystals, variety of tapers, grating couplers [70-
75] and other complex structures) with precise control of vertex location in
the GDSII file. Accurate shape representation is of particular importance to
high-resolution lithography, for example, using the either of the two NanoFab
100keV tools with sub-nm grid snapping capability. The flexible scripting in-
terface enables significant user customization to lay out structures outside
of the standard available designs. Furthermore, the toolbox is platform inde-
pendent and will run on any operating system (Linux, Windows and MacOS X)
with Java standard edition (SE) 8. In addition to standard Java libraries, the
toolbox utilizes the freely available JGDS library for encoding shapes to GDS
objects [76].

The CNST nanolithography toolbox also contains primitives (ellipses, torus,
rectangles, etc), pillar-hole arrays (rectangular, hexagonal), a variety of spirals,
fractals, gratings, verniers, arbitrary function generator (shapes defined by
a mathematical function), label makers, text to GDS, postScript to GDS, zone
plates, grayscale objects [77-82], images to GDS, polar arrays (also, hexag-
onal and rectangular), and many more customized shapes. Additionally, we
include a MEMS library of elements containing variety of actuators, flexures,
clamped beams, and interacting array structures[83-103]. The package also
contains CNST-developed reticle generators for various steppers (barcode,
label, reticle marks), a CNST ebeam lithography write time estimator, and a
ebeam lithography job and schedule file generator with a graphical display of
pattern placement (Figure 1.1).

Platform independent CNST Nanolithography toolbox for scripted layout
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Figure 1.1: CNST Nanolithography Toolbox chart illustrating a myriad of available com-
plex shapes, objects and functions.
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1.1.1 Terms Of Use

This software was developed at the National Institute of Standards and Technol-
ogy (NIST) by employees of the Federal Government in the course of their official
duties. Pursuant to title 17 Section 105 of the United States Code this software
is not subject to copyright protection and is in the public domain. The NIST
CNST nanolithography toolbox is an experimental system. NIST assumes no
responsibility whatsoever for its use by other parties, and makes no guarantees,
expressed or implied, about its quality, reliability, or any other characteristic.
We would appreciate acknowledgment if the software is used. This software
can be redistributed and/or modified freely provided that any derivative works
bear some notice that they are derived from it, and any modified versions bear
some notice that they have been modified.

1.1.2 Disclaimer

This manual identifies certain commercial equipment, instruments, and materi-
als to specify the experimental procedure. Such identification does not imply
recommendation or endorsement by the National Institute of Standards and
Technology, nor does it imply that the equipment, instruments, and materials
identified are necessarily the best available for the purpose.
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tial contributions to the nanolithography toolbox. The development team most
notably consists of Krishna C. Balram (University of Maryland), Daron A. Westly,
Marcelo Davanco, Karen Grutter, Qing Li (University of Maryland), Thomas
Michels, Christopher H. Ray, Liya Yu, Richard Kasica, Christopher B. Wallin
(University of Maryland), lan Gilbert (University of Maryland), Brian A. Bryce
(Harvey Mudd College), Gregory Simelgor (Edico Genome), Juraj Topolancik
(Roche Sequencing Solutions), Nicolae Lobontiu (University of Alaska), Yuxiang
Liu (Worcester Polytechnic Institute), Pavel Neuzil (Brno University of Technol-
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ogy, KIST-Europe), Vojta Svatos (Brno University of Technology),Kristen A. Dill,
Neal A. Bertrand, Meredith Metzler (University of Pennsylvania), Gerald Lopez
(University of Pennsylvania), David A. Czaplewski (Argonne National Labora-
tory), Leonidas Ocola (Argonne National Laboratory), Kartik Srinivasan, Samuel
Stavis, Vladimir Aksyuk, J. Alexander Liddle, Slava Krylov (Tel-Aviv University)
and B. Robert llic.

1.1.5 Future Developments

The CNST nanolithography toolbox is broad in scope and continuously grow-
ing within the CNST community. The toolbox is distributed with the hope that
it will be useful, but without any warranty, without even an implied warranty
for any particular purpose. All efforts have been made to ensure that the
CNST nanolithography toolbox is supported on Linux, Windows and MacOS
X. Please direct comments, suggestions, encountered bugs to Nanolithog-
raphy.Toolbox@nist.gov. The software will evolve over time, implementing
features as the CNST identifies and prioritizes new applications.
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1.1.6 Java 8 Requirements

The graphical user interface (GUI) was constructed using JavaFX components.
The code employs a variety of elements contained in latest java standard
edition (SE) 8, hence earlier versions will not work correctly. To determine the
SE version, at the (windows command or linux/mac terminal) prompt type:

java -—version

At the terminal prompt the following would appear:
java version "1.8.0_40"
Java(TM) SE Runtime Environment (build 1.8.0_40-b26)
Java HotSpot(TM) 64-Bit Server VM (build 25.40-b25, mixed mode)

1.8.X_XXindicates Java version 8 is available. To run the CNST NanoLithog-
raphy Toolbox, either double click on the CNSTnanoToolboxVXXXX.jar file
(X’s represent version numbers) or run from a command prompt in a following
manner:

java —jar CNSTnanoToolboxVXXXX.jar

Upon execution of the java code, the CNST Nanolithography Toolbox will
appear in a similar fashion as seen in figure 1.2. The menu appearance may
vary slightly depending on the operating system the interface is running under.
Figure 1.2 shows the toolbox as it appears under 64-bit Windows 7.

1.1.7 Distribution Package
The package contains the following files and directories:

CNSTnanoToolboxVXXXX.jar The CNST Nanolithography Toolbox executable
Java JAR file. X’s represent version numbers.

CNSTdefaultValues.xml Default parameter values for the CNST ebeam tool
module, load and save file directories.
Examples Directory containing syntax coloring XML language

definition file, numerous scripting, GUI module
and programming examples.

1.1.8 Modes of Operation
1.1.8.1 CNST Scripting

The most powerful feature of the CNST nanolithography toolbox is scripting.
Virtually any shape can be constructed using the CNST Scripting features. The
scripting feature is listed as the first option within the resource menu. The
scripting module reads in an ASCII file with a .cnst extension and converts
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Figure 1.2: CNST nanolithography toolbox graphical user interface running under Win-
dows 7. Various features are displayed within the left panel in a collapsible
tree menu. Highlighting a node of a particular branch will display feature
content in the main panel display.

complex objects directly to GDS. We also provide an extensive library of objects
including numerous nanophotonic elements. During the pattern design phase,
space is broken up into grid points between which the CNST scripting objects
are rendered. Figure 1.3 shows various points connecting a variety of gener-
ated nanophotonic elements (exponential taper, photonic crystal waveguide,
y-splitters, waveguides, s-bends and rings). Syntax coloring for .cnst files is
available using NotePad++. This feature improves readability-structure and
errors become visually distinct.

CNST scripting offers a myriad of options that are either not found or ex-
tremely difficult to implement within standard CAD packages that produce
GDS files. The full command reference for CNST scripting is included in sec-
tion 1.1.8.2. Figure 1.4 illustrates a variety of generated GDS shapes. CNST
scripting is either carried out from the GUI or from the terminal command
prompt (see section 2.1). Additionally, running batch execution of many .cnst
files is described in section 2.1.5.
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Figure 1.3: Pattern layout design schematic highlighting various available nanophotonic
elements.
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Figure 1.4: CNST Scripting example illustrating a variety of available shapes streamed
directly to GDSII.
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1.1.8.2 Graphical User Interface

The main window of the graphical used interface is divided into three parts.
The top title panel has the CNST logo and is static. The left panel contains a
collapsible tree with options representing available toolbox features. The large
right panel is the dynamic canvas displaying selected module options.

Double clicking on a module feature or single clicking on the triangle directly
to the left that node expands the menu options. Consequently, all module
elements within that branch node are displayed. For instance, the Basic Shapes
branch has several objects including polygon-based pillar-hole arrays, arrays
of tori, grating couplers, spirals and gratings. Highlighting any of the accessible
feature nodes will display available options of the specified module. In case
pillar-hole arrays, user defined parameters within a text field such as GDS file
name, number of sides (shape vertices), GDS layer, rotation, radius, object
array options (position, number of elements and pitch) along with buttons to
generate a GDS file with the specified options, an about button, and an Exit
button. Figure 1.5 shows a highlighted Pillar-Hole (Square/Hex) Array branch
node within the left panel. The main panel shows various available module
parameters within the toolbox GUI.

& MIST CNST Manclithagraphy Toolox Version 20161001

Center for Nanoscale
Science & Technology

Pillar-Hole (Square/Hex) Array Module

degrees

Create GDS

Figure 1.5: Pillar-hole array module example showing various available options within
the main panel of the toolbox GUI.
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Setup, Execution and Examples

Scripting execution takes place either from the graphical user interface or the
terminal command prompt.

2.1.1 Quick Start Setup

1. Change the <OpenDirectory> and <SaveToDirectory> parameters in the
CNSTdefaultValues.xml setup file (see section 2.1.2).

2. Setup syntax coloring within NotePad++ (see section 2.1.8).

3. Create script files with extension .cnst. See scripting examples in sec-
tion 2.1.9.6 and constructors in this chapter.

4. Run scripts either within the graphical user interface (section 2.1.3) or via
command prompt (section 2.1.4).
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2.1.2 Setup - CNSTdefaultValues.xml open and save direc-
tories

The CNST NanoLithography ToolBox requires that the CNSTdefaultValues.xml
setup file resides in the same directory as the Java executable . jar file.

The first step in running and executing scripts requires the modification of the
open and save directory variables within the CNSTdefaultValues.xml file. The
toolbox will not function on some operating systems if these values are not
properly changed.

Open the CNSTdefaultValues.xml file within a text editor and change the
<OpenDirectory> and <SaveToDirectory> parameters to a directory where
.cnst script and GDS files are respectively read and saved. Figures 2.6 and 2.6
illustrate modifications for Windows and Mac/Unix/Linux platforms.

<OpenDirectory>C:\Users\user\CNSTnanoToolBox\loadFiles\</OpenDirectory>
<SaveToDirectory>C:\Users\user\CNSTnanoToolBox\saveFiles\</SaveToDirectory>

(@)

<OpenDirectory>/Users/user/CNSTnanoToolBox/loadFiles/</OpenDirectory>
<SaveToDirectory>/Users/user/CNSTnanoToolBox/saveFiles/</SaveToDirectory>

(b)

Figure 2.6: Modification to open and save directory variables within the CNSTdefault-
Values.xml setup file for (a) Windows and (b) Mac/Unix/Linux platforms.
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2.1.3 Graphical User Interface Execution

Start the graphical user interface by either double clicking on the executable
jar file or at the prompt type:
java —jar CNSTnanoToolboxVXXXX.jar

When the interface appears, in the left panel click CNST Scripting (step 1)
and then click the Load Script button (step 2). Within the file manager locate
the .cnst script file (step 3), click Open (step 4) and the full path of the script
file will appear in the Script File: label. Type in the desired GDS file name
and click the Create GDS button. Under the STATUS: label, the full path of the
saved GDS file will appear.

€CNST Scripting Module

- 101 N B BT WA O NI
I __ scriptingExampieElectrode.cnst 12/22/20156:55 PM  CNST File F] N:’:] d

ile name: scriptingExamplelectrode.cnst -

CNST Scripting Module

s _ s e

STATUS:

Load Script Create GDS oAbout

(c)

CNST Scripting Module

Load Script Create GDS

(d)

Figure 2.7: GDS generation using the graphical scripting interface.
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2.1.4 Running CNST Scripts From a Terminal Command Prompt

At the terminal command prompt, the command below allows script execution
without the graphical user interface. Additionally, using the getfonts option
allows the extraction of all available system font names to be stored into
atime/date stamped ASCII file.

java —jar CNSTnanoToolboxVXXXX.jar [option]

[option]
cnstscripting inputFileName.cnst outputFileName.gds
Process a CNST scripting file inputFileName.cnst and cast the
resulting structures into an outputFileName.gds file.

getfonts
Obtain system fonts and store them into a time/date stamped file.
Useful for correctly spelling font names within various available
text constructors.

2.1.5 Running Multiple CNST Scripts - Batch File Mode

Batch mode execution of many CNST script files is performed from a terminal
command prompt. In Windows, to open the command prompt, click Start then
type cmd within the ‘search programs and files”. Within the Linux and Mac
environments open a terminal command prompt. First create a text file where
each line entry has the format defined within the previous section ( 2.1.4). In
Windows, name the file with an extension BAT, i.e. CNSTbatchFile.BAT. For
instance, the text file would have the following entries:

java —jar CNSTnanoToolboxVXXXX.jar cnstscripting scriptFileOl.cnst outputOl.gds
java —jar CNSTnanoToolboxVXXXX.jar cnstscripting scriptFile02.cnst output02.gds

java —jar CNSTnanoToolboxVXXXX.jar cnstscripting scriptFileN.cnst outputN.gds

To execute the ASCII batch file, at the windows DOS prompt type the file name:
C:\Users\robilic\CNSTscripting>CNSTbatchFile.BAT

In Linux or Mac type dot then backslash followed by the filename:

robilic\CNSTscripting $>.\CNSTbatchFile.BAT
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2.1.6 Running CNST Scripts Within Matlab

Matlab allows for execution of systemm commands and return outputs. Fig-
ure 2.1.6 shows how matlab generates a matlabScript.cnst file. Subsequently,
using a system command, matlab runs java to create a GDS file. This was
accomplished by using commands described in section 2.1.4. Lastly, another
system command executes kLayout, an open source layout viewer and editor, in
order to display the output GDS file. The generated file has two GDS structures.
The first has a single ellipse, and the second has 100 ellipses, each cast into a
different GDS layer, along a diagonal. The latter was generated using the for
loop control statement.

The return status shows the command prompt output during code execution.
In this case, the directory where the output GDS resides (see save directory
information in section 2.1.2).

fileID = fopen('matlabScript.cnst','w');

fprintf (filelID, '0.001 gdsReso\n');

fprintf (fileID, '0.001 shapeReso\n\n');

fprintf (£filelID, '# Creating a simple ellipse with Matlab\n');

fprintf (£filelID, '<matlabEllipse struct>\n');

fprintf (fileID, '11 layer\n');

fprintf (£filelID,'0 0 2 4 44 0 ellipse\n\n');

% array of 100 ellipses along a diagonal with different GDS layers

fprintf (fileID, '# Creating array of 100 ellipses along the diagonal\n');

fprintf (£filelID, '<matlabEllipseArray struct>\n');

for 1i=1:100
fprintf (filelD, '%s
fprintf (£ileID, 'S

(
(
(
(
(
(

$s\n', int2str(i),' layer');

%$s%s%s\n', int2str(i), ' ', int2str(i),' 0.4 4 44 0 ellipse');
end

fclose (filelD);

% run the java code from matlab

[status, cmdout] = dos('java —-jar CNSTnanoToolbox.jar cnstscripting matlabScript.cnst«
matlabGDSoutput.gds');

status, cmdout

% open GDS with klayout - use quotes around directory names with spaces
[status,cmdout] = dos('"C:\Program Files\KLayout (64bit)\klayout" D:¥¢
\DOCUMENTS\zTESTfiles\saveFiles\matlabGDSoutput.gds"');

status, cmdout

Figure 2.8: GDS generation and viewing using a Matlab script.

Example matlab files are located in \EXAMPLES\CNSTscripting\Matlab.

NIST ¢« CNST Nanolithography Toolbox v2016.09.01 ¢ http://www.nist.gov/cnst/ page 20 of 488


http://www.nist.gov/cnst
http:v2016.09.01

09T"9H'LSIN/8209°0T/840°10p"xp/ /:dny :wo.y 831eYd Jo 221 d1qe|IeAR S| UoREDIGNd SIy |

2.1.7 Python Script Generation

Python programming can be used to create complex CNST scripting files. Pro-
gramming in general allows for variable initialization, loops, Booleans, branch-
ing, control statements, conditionals and other methods to be used when
algorithmically constructing script files. The program shown in figure 2.9cre-
ates a pythonScript.cnst script file that contains two GDS structures, one
with a single ellipse, and another with an array of circles along a circular path
in another GDS structure. The latter is accomplished within a for loop repetition
statement. Subsequently the nanolithography toolbox is used to create an
output GDS file seen as an inset in figure 2.9. Example python files are located
in \EXAMPLES\CNSTscripting\Python.

Created on Wed Jan 20 21:21:47 2016

@author: rob

import math

.F
.F

f.

-+

f.
f

= open( 'pythonScript.cnst’, 'w'")
.write(str('0.001 gdsReso\n'))
write(str('0.001 shapeReso\n\n'))

.write(str('# Creating a simple ellipse with Python'))

.write(str('<pythonEllipse struct>\n'))
.write(str('11 layer\n'))
.write(str('0 @ 2 4 44 0 ellipse\n\n'))

radius = 10

num = 100

increment = 2*math.pi/num
for x in xrange(num):

.F

f.write(str('%d layer\n' %(x+1)))

xCoord = radius * math.cos(x*increment)
yCoord = radius * math.sin(x*increment)

T,

wbden,

write(str('# 100 circles along a circular path\n'"))
.write(str('<pythonCirclesAlongPath struct>\n'))

f.write(str('%.4f %.4f 0.2 0.2 44 0 ellipse\n'%(xCoord,yCoord)))

.close

Figure 2.9: Python programming example used to generate an array of 100 circles, each
within a distint GDS layer, along a circular path. Inse