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1 Overview

1.1 Application Scenario

Electron beam lithography (EBL) is an important technology for preparing high-
resolution nanolithography layout by micro-nano machining, which has a wide
application prospects. However, the proximity effect in electron beam lithography will
reduce the layout quality. Direct exposure without proximity effect correction will have
a devastating impact on the resolution. Since the 1970s, the international lithography
organization has begun to develop the proximity effect of electron beam lithography.
Due to the high technical difficulty, there is no algorithm software that can be directly
applied to large-scale engineering plate making in China, so it has independently
developed the proximity effect correction software of electron beam lithography

(HnuEBL V2.0) .

Electron beam lithography (EBL) is a high-resolution mask-less direct-write
lithography technology. Because the electron beam spot size is very small (e.g., -2 nm),
EBL is capable of fabricating advanced patterns with sub-10 nm feature size. However,
when exposing a small target region (blue area in the figure 1.1.1 below), the electron
beam is scattered and reflected by the photoresist/substrate, leading to undesirable
exposure of a large region (orange and green areas). This is called the proximity effect.
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Figure 1.1.1 Proximity Effect

e~ beam (<10 nm diameter)

During EBL fabrication, proximity effect / fogging effect / loading effect
jeopardizes the pattern fidelity. If they were not corrected, the fabricated pattern (second

row in the figure below) will be drastically different from the target pattern (first row
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in the figure 1.1.2 below). Using the HNU-EBL software toolkit we developed at Hunan
University (HNU), the electron beam dose distribution can be automatically corrected,
such that the fabricated pattern (third row in the figure below) decently matches the
target pattern.

Pattern of one layer of XOR circuit Surface acoustic wave (SAW) device

Input Transducer  Output Transducer

é SAW
target pattern —

Piezoelectric Substrate

fabricated
pattern
without

NO  correction

fabricated
pattern

o after
ves HNU-EBL
J correction

Figure 1.1.2 Layout optimization

The EBL-oriented EDA software tools are indispensable to design and
manufacture EUV/DUV masks or sub-10 nm prototype devices. Some international
treaties (e.g., 3.D.1-3 of Wassenaar Agreement [1]) and national laws (e.g., 3D003 of
U.S. export control laws [2]) impose controls on exporting EBL-oriented EDA software
tools to certain countries like China, Russian, etc. Therefore, we are trying to develop
these EBL EDA tools from scratch by ourselves. We license HNU-EBL EDA software,
free of charge, to anybody from anywhere.

So far, four articles have been published: H T H :ZI“H £ 4% ”EDA A+
HNU-EBL[3], Efficient Proximity Effect Correction Using Fast Multipole Method with
Unequally Spaced Grid for Electron Beam Lithography [4], HNU-EBL: A Software
Toolkit for Electron Beam Lithography Simulation and Optimization. [5], Ultrafast and

Accurate Proximity Effect Correction of Large-Scale Electron Beam Lithography based
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on FMM and SaaS. [6]. Six patents: — i T #0225 [0 28 ¥ FE - SR T RS 1E 7
VR[7], KBS o7~ SRR Y i ] ) v s AR RS R T IE 7 V48], — R T+
PR PR AT B AR R 1) H SRR R R RN R IR JTVE[9], — M T OG4BT
RN TE R B 46 77 VE[10], — kT PRIE 22 1) 07 1R I FL 1 RO 20 S RN
IERRE e R DIARTE BA[11], — Rk T Gk AR /e 7 OB ZI R R R IE T
1£[12]. Four software works: Z&T SaaS 1 H TR E A B 5 ERAE[13],
LT ARG ZIAR I RS S IESPF[14], GDSIL AT AL ERAF[15], T AR ZI4
HiH5 EDA B AH[16].

1.2 System Requirements

® Operating system: windows7 and above
® Hardware environment: CPU 1.7GHz, 4 cores, memory 2GB, video memory

2000M, hard disk 500M

1.3 License

You can double click the software to run, the authentication box will pop up, you
can import the license address sent by the developer to the user, and click OK to run (as
shown in Figure 1.3). (For obtaining the license, please contact the developer. For

details, please visit www.ebeam.com.cn.).

@

Please import the license authorized by the developer

Cancle CE
Figure 1.3 Authentication

1.4 Functional Module

The software mainly includes four functional modules (as shown in Figure 1.4):
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® Monte Carlo simulation module
® Proximity effect correction module
® Developing module
® Energy deposition module
New Project
I
Input layer
parameters
4
Elec.tron.beam. Monte Carlo simulation ,| Point Spr_egd Function
scattering simulation fitting

Import layout file

PEC Development Energy Deposition

Figure 1.4 software function flow chart

2 Lithography Process Simulation

2.1 New project

(1) You can open the software and click the “File” and “New Project” to create a
new project (Figure 2.1.1). You need to fill in the project name and a path to save the
project (Figure 2.1.2). You can also click "Open Project" to open an existing project.

(Note: The path can only contain English letters and symbols, not Chinese.)
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.
@ HNU-EBL - = X

Help

New Project Alt+N prgy Deposition  Development
! Open Project Alt+O |

Save Project Alt+S

Close Project Alt+C

Figure 2.1.1 Software main interface

@D New Project ? X

Project Name

Project Location

OK Cancal
Figure 2.1.2 New project interface
2.2 Simulation Input Parameters

(1) You can click “New Simulation” at the top left of the main interface of the
software, and a dialog box will pop up (Figure 2.2.1). The Monte Carlo (MC)
simulation can be performed after setting the relevant parameters.

(2) You can enter the material name in “Material” (Figure 2.2.1), such as
“PMMA, Si” (selected in the drop-down menu), and enter the layer thickness in
“Thickness”. The thickness of the "Layer n" layer should be 10nm to 5,000nm, and
the thickness of the "Substrate" layer should be 1,000nm to Smm. If there is no such
material in the drop-down menu, you need to click “Edit Material” to add it(Figure

2.2.2). For example, SiC is added .(Figure 2.2.3)
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(3) You can click "Insert Row" to add a layer at a specific location or click

"Delete Row" to delete the specified layer. The layer sequence is as shown in the

table, from top to bottom Layer 1, Layer 2, ..., layer n, Substrate. (Note: The total

number of layers is not less than two and the Substrate layer cannot be deleted.)

(4) You can click "insert row" in "PSF depth" to increase PSF values of

different depths, and click "delete row" to delete the last added depth. Note that the

input PSF depth needs to be less than the maximum thickness of the photoresist,

and the minimum spacing between different depths is Snm.

(5) After adding all layers, you can input the simulated parameters related to

electron beam lithography, such as "beam energy, beam diameter, number of

electrons", and complete the parameter input setting. If the input parameters are

incomplete, the software will prompt the user to improve the parameter input.

F Y . -
& New Simulation

Simulation

Stack Description

Type Material
Layer1 FMM4 =
Substrate a1 -
Inserst Row Delet Row
PSF Depth
Type Depth[nm]
Depth1
Inserst Row
Parameters

Beam Energy[kV]
Beam Diameter[nm]

Number of Electrons[ke-]

Calculate

Stop Calculate

?

Tickness[nm]

Edit material

Delet Row

100

Cancel

s

Figure 2.2.1 Parameter input interface
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@ Material Warehouse ? X

Layer Substrate

Material
Name  Mass Density(g/cm~3) stoichiometry
PMMA 1.187999 H-C-0O
HsSQ 0.80998 H-O-si
Ag 10.49 Ag
Au 8.96 Au
Al 2.702 Al
TiO2 4.23 O-Ti
Al203 37 O-Al
LiNbO3 4.6102 Li-O-Nb

Inserst Row Delet Row

Figure 2.2.2 Edit material parameter interface
@ Edit Material ? X

Material Name sic

Mass Density(g/cm”3) 3.2

Stoichiometry

Element Count
181 1
2/c 1
Add
Delete
oK Cancle

Figure 2.2.3 Adding SiC material parameter interface

2.3Monte Carlo Simulation

(1) You can click "Calculate" to perform MC simulation. After the calculation
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is completed, a dialog box will pop up to display the cost time. You can click "Done"
to complete the MC simulation (Figure 2.3.1).

(2) When the program is running, you can click "Stop Calculate" to terminate
(Figure 2.3.2). You can re-enter the parameters and click "Calculate" again to start
MC simulation.

(3) After the MC simulation is completed, you can click "Save Project" in the
"File" at the top of the main interface of the software to save the simulation results
(Figure 2.3.3). (Note: Please click the "Save Project" button to save the project in
time.)

(4) You can right-click the MC simulation result on the left and left-click

"delete" to delete the MC simulation result(Figure 2.3.4).

@

Simulation

Stack Description

Type Material Tickness[nm]
Layeri PHMA - |20
Substrate 51 ~ ||10000
Inserst Row Delet Row Edit material
PSF L
e
DE‘ T Calculation Done! Cost time: 3.026 s
oK
Inserst Row Delet Row
Parameters
Beam Energy[kV] 5
Beam Diameter[nm] 10
Number of Electrons[ke-] 100
Calculate | |Stop Calculate Cancel

Figure 2.3.1 Monte Carlo calculation interface
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@ New Simulation ? ks

Simulation

Stack Description

Type Material Tickness[nm]
Layer1 FHMA - 120
Substrate 51 - | 10000
Inserst Row Delet Row Edit material
PSF Depth @ Warning %
Tym Calculation has stopped.
Depth1
Yes
Inserst Row [ Delet Row
Parameters
Beam Energy[kV] 3
Beam Diameter[nm] 10

Number of Electrons[ke-] 100

Calculate | |Stop Calculate || Cancel

Figure 2.3.2 Terminate Monte Carlo calculation interface

@ HNU-EBL

Help
New Project Alt+N

ergy Deposition Development

Open Project

Save Project

Close Project Alt+C

» PMMA_20 Si 10000 5_10_100

Figure 2.3.3 Save Monte Carlo calculation results interface
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@ HNU-EBL
File Help
New Simulation PEC-FEC Energy Deposition Development

project: hnu.hnu

r PMMA 10 Si 10000 5 10 100
PSF_depth_100nm___delete
PSF depth_200nm
PSF depth 300nm
Trajectories

» PMMA_50 Si_10000_5 10 100

» PMMA_20 _Si_10000_5 10 100

Figure 2.3.4 Delete Monte Carlo calculation result interface
2.4 Point Spread Function Fitting

(1) You can click the triangle symbol on the left of the corresponding MC
simulation result to display the MC simulation result (Figure 2.4.1).

(2) You can click "PSF" at different depths to display the fitting results of four
kinds of point spread functions (double Gauss, double Gauss + index, three Gauss,
and three Gauss + index (as shown in Figure 2.4.2)). For the convenience of
observation, take a logarithm to display the X and Y coordinates.

(3) You can click "linear" on the right to display the fitting results when the X
coordinate is linear; Click "log" on the right to display the fitting results when taking
the logarithm of the X coordinate.

(4) You can zoom in and out by scrolling with the mouse wheel or dragging
with the left mouse button.

(5) You can click "export" (as shown in Figure 2.4.1) to export the scatter
coordinate file.

(6) If you need to check the fitting coefticient of the corresponding Monte

Carlo simulation results, left-click the PSF depth x corresponding Monte Carlo
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simulation results can be viewed by right-clicking "detail".(as shown in Figure 2.4.3)

(7) In the fitting coefficient interface of viewing the corresponding Monte
Carlo simulation results (as shown in figure 2.4.4), you can select a formula and
change the coefficient. Click "redraw" to view the fitting results of the point spread

function after changing the coefficient. (Note: the input value of coefficient cannot

be blank.)

@ HNU-EBL - u] X
File Help
New Simulation PEC-FEC Energy Deposition Development

project: hnu.hnu

» PMMA_10_Si_10000_5_10_100 Point Spread Function
» PMMA_20_Si_10000_5_10_100
Ph A.50 Si

- ANAA 0000 Q100 .
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5
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=
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Figure 2.4.1 Point spread function fitting interface
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Figure 2.4.2 Fitting formula
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& HNU-EBL
File Help
Mew Simulation PEC-FEC Energy Deposition |

project: hnu.hnu

* PMMA 10 Si 10000 5 10 100
» PMMA_20 Si 10000 5 10 100
- PMMA 50 Si 10000 5 10 100

PSF depth 1 details
Trajectories
» PMMA_20 Si_ 10000 5 10 _100

Figure 2.4.3 View the fitting coefficient interface of Monte Carlo simulation results

@ |nfomation ? X

Point Spread Function

3 Gaussion function + exp function

1
- n(14+n+v+vy)

LR STRL. R L Ay S T
—e ddt—p P 4—p ¥V 4—Se 1
(az p? y2 2y,° )

a(nm): |5.17334
B (nm): 169.822
n: 0.922916
y(om): |13.419
v: 0.61119
y2 (nm) ; 59.328

v2: 1. 3296

Figure 2.4.4 Change the fitting coefficient and redraw the interface
2.5 Electron Beam Trajectory Visualization

(1) You can click the triangle symbol on the left of the corresponding MC
simulation result to display the MC simulation result.

(2) You can click “Trajectories” to display the electron beam scattering
simulation results (Figure 2.5.1). For the convenience of observation, the red
marking lines are the layer names and thicknesses of all layers except the substrate

in the corresponding MC simulation.
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@ HNU-EBL
File Help
New Simulation PEC-FEC Energy Deposition Development

project: hnu.hnu
* PMMA_10_Si_10000_5_10_100 Electron trajectories calculated by Monte Carlo
» PMMA_20_Si_10000_5_10_100

~ PMMA_50_Si_10000_5_10_100

PSF_depth_10nm
PSF depth 15nm

Trajectories —300 —200 100 0

300 200 -100 0 100 200 300

Figure 2.5.1 Electron beam scattering fitting interface

3 Optimization And Measurement Of
Lithography Layout

3.1 Proximity effect correction

(1) You can click "PEC-FEC" on the toolbar at the top of the main interface
(Figure 2.6.1) to complete the settings of PEC and fogging effect correction (FEC).

(2) Set "PSF results set" and select a group of Monte Carlo calculation results
for proximity effect correction.

(3) Based on (2), you can select a PSF depth value of depth.

(4) Based on (3), you can select the formula "PSF parameters" to be fitted, and
select the three Gauss formulas in the figure below to correct the proximity effect.

(5) If the atomization effect needs to be considered, check the "fogging effect"
and fill in the parameters. If you do not need to consider the atomization effect,

ignore it directly.
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(6) You can select the PEC function "PEC method", and click the drop-down
box to display three functions: dose correction, shape correction, and dose shape
correction, the first method has high precision, but the lithography machine is
required to have the ability to change the beam energy and has high requirements
for resolution. The second method has low accuracy, but only requires a single
intensity of energy for exposure, which is suitable for lithography machines that
cannot change the dose. The third method has high accuracy and requires less
memory. Move the mouse (note not click) to "?" A prompt message is displayed.

(7) In the "Matrix set" you can set the minimum size (nm) of the exposure unit.
And 10nm is selected in the figure below. (Note: If the layout is large, the minimum
size of the exposure unit should not be too small. If the size is too small and the
computer memory is insufficient, a prompt will be given.)

(8) "GDSII File" is used to open the “.gds” format layout to be corrected. (Note:
The path can only contain English letters and symbols, not Chinese.)

(9) "Result Folder" is used to set the output file path after the PEC is completed.

(Note: The path can only contain English letters and symbols, not Chinese.)

-
@ PEC-FEC ? x
PSF Results PEC Method
[PMMA 50 Si 10000 5 10 100 |  |dose correction || 2
PSF Depth Matrix Set
|15 ﬂ Grid size on EBL pattern(nm): 5
PSF Parameters GDSii File
|3 gaussion ﬂ C:/Users/30264/Decktop/xor. gds
|5, 5937
“ Result Folder
£ |186. 26
C:/Users/30264/ Desktop
n: 114677
y: |53.6574 Structure Set
v: 0. 211863
Choose Structures: TEST w Choose layers: |Layerfil |~
Fogging Effect
y_F(nm):
v F: Calculate | |Stop Calculate Done

Figure 3.1.1 Set PEC interface
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(10) A GDSII file can contain multiple structures, and a structure can contain
multiple layers. If users only want to perform PEC on part of the layout in the file,
they can click on the "structure set" at the bottom of the page to further set the layout
to be corrected. But you must select at least one for "Structure" and at least one for
"Layer" (Figure 3.1.2 ( (top)). If multiple “Structure” has been selected, you cannot
select “Layer” again (Figure 3.1.2 (bottom)).

structure set

Choose structures: |TEST v Choose layers: .ayer0;Layerl ~

v ALL
V| Layer0
V| Layer1

structure set

Choose structures: |TEST;TEST2 ¥ Choose layers:

V| ALL
V| TEST
V| TEST2

Figure 3.1.2 Set the layout to be corrected
(11) You can click "Calculation" (Figure 3.1.3) to perform PEC. If the input

parameters are incomplete, the calculation cannot be started. The calculation time
is displayed after the calculation is completed (Figure 3.1.4). After the calculation
is completed, you need to click "Done" to close the current window, and you can
save the output file to the specified folder.

(12) You can click "stop calculation" to abort the current calculation (as shown

in figure 3.1.5).
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@ PecFeC ? ®
PSF Results PEC Method
[PMMA 50 i 10000 5 10 100 ¥|  [dose correction >l
PSF Depth Matrix Set
|15 j Grid size on EBL pattern(nm): 5
PSF Parameters GDSii File
|3 gaussion ] '
@ calculating ? X
e |9, 5937 . .
Calculating...Please wait a moment
—— bbb s ssssssss000d
n: |1 14877
y: |33, 6574 Structure Set
v: [0.211865
Choose Structures: TEST ~ Choose layers: Layerl |~
Fogging Effect
y_F(nm):
v F: Calculate  |Stop Caleulate| | Done
Figure 3.1.3 Proximity effect correction calculation interface
@ PecrFEC ? X
PSF Results PEC Method
[PMMA 50 Si 10000 5 10 100 ¥|  |dose correction ~| |2
PSF Depth Matrix Set
|15 Grid size on EBL pattern(nm): 5
PSF Parameters GDSii File
|3 gaussion nfromation x|
w: 5. 5937 @ PEC Calculation Done! Cost Time: 1.285 s
B: 186.26 L
oK
n: 1. 14677 r
y: 33.6574 Structure Set
v: 0.211865
Choose Structures: TEST v Choose layers: Layerfil  ~
Fogging Effect
y_F(nm):
v F: Calculate | Stop Calculate| | Done

Figure 3.1.4 Proximity effect correction calculation completion interface
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@
PSF Results PEC Method
[PMMA 50 Si 10000 5 10 100 ¥|  |dose correction ||
PSF Depth Matrix Set
|15 ﬂ Grid size on EBL pattern(nm): 5
PSF Parameters GDSii File
|3 gaussion j @ warnning X
a: 5. 5937 o PEC calculation has stopped.
B 186,26
OK
n: |1.14677
y: 35,6574 Structure Set
v: |0.211865
Choose Structures: TEST v Choose layers: Layerfil  ~

Fogging Effect
y_F(nm):

v F Calculate | |Stop Calculate Done

Figure 3.1.5 Termination proximity effect correction calculation interface
3.2 Development

(1) You can click "development" on the toolbar at the top of the main interface to

start the development calculation (as shown in Figure 3.2.1).
(2) You can select a calculated PSF value under a certain parameter in "PSF result".

(3) Based on (2), you can select the PSF value of a certain depth.

(4) Based on (3), you can select a group of models for fitting and development
calculation. The three Gaussian models is selected below for a demonstration.

(5) If the atomization effect needs to be considered, check the "fogging effect" and
fill in the parameters. If the atomization effect does not need to be considered, it can be
ignored directly.

(6) "Matrix set" sets the minimum size (nm) of the exposure unit for correction
division, and 5nm is selected in the following figure. (Note: if the layout is large, the
minimum size of the exposure unit should not be too small. If the size is too small and
the computer memory is insufficient, a prompt will be given.)

(7) "Resist model" selects the development model. There are three models:
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threshold, Mack, and notch (as shown in Figure 3.2.2). Threshold model: set a threshold
range from O to 1. The position where the normalized value of the exposed layout is
greater than the threshold displays 1, and vice versa is 0. Mack model [17]: "resist type"
indicates whether to select positive resist or negative resist. "Rmax, Rmin" indicates
the maximum and minimum development rates. "Mth" standard configuration is the
threshold concentration of resist. "N" is the dissolution selectivity parameter. "Dill c"
indicates the exposure rate constant. When the concentration of "notch" is [u] #n, it
indicates the strength of the pitting resistance. For the detailed formulas of the latter
two development models, see references.

(8) "GDSII file" opens the calculated layout GDS format. (Note: the path can only
contain English letters and symbols, not Chinese.)

(9) You can click "calculation" (as shown in Figure 3.2.2) to calculate the edge
position error. If the input parameters are incomplete, the calculation cannot be started.
There is a prompt box after calculation (as shown in Figure 3.2.3). After calculation,
click "done" to close the current window.

(10) You can click "stop calculation" to abort the current calculation (as shown in

Figure 3.2.4).

c Development ? =
PSF Results Matrix Set

[PMMA 20 si 10000 5 10 100 ]| Grid size on EBL pattern(nm): |2
PSF Depth Resist Model

|Thresho|d ﬂ

10 =l

PSF Parameters
Threshold[0-1]: 0.8
|3 gaussion ﬂ

a{rm) : |5. 26534

£} : |146. 337

GDSII File
n: 1. 07489

(om) |31, 3554 C:/Users/30264/Desktop/xor. gds
y{om) : .

v 0. 266634 Structure Set

Choose Structures: |TEST - Choose layers: Layerél ~
Fogging Effect
y_F(nm):

v F Calculate | | Stop calculate Done



Electron beam lithography simulation calculation EDA Software v2.0

21

Figure 3.2.1 development operation interface

Resist Model

Threshold ﬂ

Threshold[D-1]:

Resist Model

0.9

Mack

Resist Thickness[nm]: 20 Rmax[nm/s]:
Development Times[s]: |10 Rmin[nm/s]:
Exposure Dose[uc/cm2]: |10 Mth:
Resist Type n
V| Positive Negative Dill_C:
Resist Model
Notch j
Resist Thickness[nm]: |20 Rmax[nm/s]:
Development Times[s]: |20 Rmin[nm/s]:
Exposure Dose[uc/cm2]: |10 Mth_norch:
Resist Type n:
. . n_norch:
v Positive Negative -
Dill_C:

411. 9163

0. 43933

0.8861%9

:0.80248

0. 000416

457, 9162

0.34218

0. 86049

0.9272

0. 46549

00033219

Figure 3.2.2 three development models
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@

PSF Results Matrix Set
[PMMA 20 si 10000 5 10 100 ¥] Grid size on EBL pattern(nm): |2

PSF Depth Resist Model

‘Threshold ﬂ
[10 R
PSF Parameters
’:‘ Warnning g

3 gaussion

0 Development calculation has stopped.
efrm) : 5. 26534

OK

Blmm) : 146, 337

GDSII File
n: 1. 07489
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Figure 3.2.3 interface for terminating calculation of edge position error
(11) After the calculation of the edge position error is completed, you can click
"OK" in the dialog box in Figure 3.2.3 to automatically pop up the dialog box
displaying the calculation results of the layout edge position error (as shown in Figure

3.2.4). (Note: the layout containing only text pixels cannot calculate the edge position

error.)
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Figure 3.2.4 edge position error interface
(12) You can click "structure" above to select the edge position error of any
structure (as shown in figure 3.2.5), and the first structure is displayed by default.

Multiple structures cannot be selected for display.
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@ structure information ? X

Structure

TEST

TEST2

OK Cancel

Figure 3.2.5 structure selection interface
(13) You can click "layer" above to select the edge position error of any layer (as
shown in figure 3.2.6). The first layer is displayed by default. Note that only one layer

can be selected.

@ |ayer information ? X
All Layers
‘ Layer
v layer0
v layer1
OK Cancel

Figure 3.2.6 layer selection interface
(14) You can click "measure" and two points will appear in the center of the left
side of the interface. After moving the two points, click "measure" and the distance
between the two points will be displayed. After each move, click "measure" to display

the gap between the two points (as shown in figure 3.2.7).
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Figure 3.2.7 measuring the distance between two points
(15) You can click "calculate EPE" to calculate the EPE result of the current
layout and support dragging and zooming in (as shown in figure 3.2.8). Click "EPE
value" to display the information of the current EPE (as shown in figure 3.2.9). Click

"original" to return to the original location.
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Figure 3.2.8 EPE effect diagram

- -
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Current Structure: TEST
EPE value (nm): 5. 0

OK

Figure 3.2.9 basic information on EPE

3.3 Energy Deposition

(1) You can click "energy deposition" on the toolbar at the top of the main interface
to start the settings related to calculating energy deposition (as shown in Figure 3.3.1).

(2) Select the results of different parameters after calculation in "PSF result".

(3) After (2) selection, you can select the PSF depth value to be viewed in "PSF
depth".

(4) After (3) selection, you can select the formulas to be fitted, and select the three
Gauss formula for energy deposition calculation in the figure below.

(5) If you need to consider the atomization effect, you can enter parameters after
checking the "fogging effect". If you don't need to consider the atomization effect, you
don't need to check it and ignore it directly.

(6) "Matrix set" is set to calculate the minimum size of the divided exposure unit
(nm), and Snm is selected in the following figure. (Note: if the layout is large, the
minimum size of the exposure unit should not be too small. If the size is too small and
the computer memory is insufficient, a prompt will be given)

(7) "GDSII file" opens the calculated GDS format layout. (Note: the path can only
contain English letters and symbols, not Chinese.)

(8) You can click "calculation" (as shown in Figure 3.3.1) to calculate the energy
deposition. If the input parameters are incomplete, the calculation cannot be started.

There is a prompt box after calculation (as shown in Figure 3.3.2). After calculation,
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click "done" to close the current window.
(9) You can click "stop calculation" to abort the current calculation (as shown in

Figure 3.3.3).
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Fogging Effect
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v F: Calculate | | Stop Calculate Done

Figure 3.3.1 calculation of energy deposition interface
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Figure 3.3.2 calculation of energy deposition completion interface
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Figure 3.3.3 energy deposition interface of termination calculation
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(10) Figure 3.3.3 terminate the calculation of the energy deposition interface. After
the energy deposition calculation is completed, click "OK" in the dialog box in Figure
3.3.3 to automatically pop up the dialog box displaying the layout energy deposition
calculation results (as shown in figure 3.3.4).(Note: the layout containing only text
pixels cannot calculate the energy deposition; when the dose corresponding to the

graphics is all 0, the calculation results cannot be displayed.)
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Figure 3.3.4 interface of energy deposition calculation results

(11) You can click "structure" on the upper right to select and display the energy
deposition of a structure (as shown in Figure 3.3.5), and the first structure is displayed

by default. Multiple structures cannot be selected.
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Structure

TEST

TEST2

o | e
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Figure 3.3.5 structure selection interface
(12) You can click "layer" on the upper right to select the energy deposition of any
layer (as shown in figure 3.3.6). All layers are displayed by default. Multiple layers can
be selected for display.

@' layer information ? X

411 Lavers
Layer

Layer0
Layer1
v Layer2

Layer3

)4 | Cancel |

Figure 3.3.6 layer selection interface
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