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Athena overview

Athena is a process simulator that provides general capabilities for numerical,
physically-based, two-dimensional simulation of processes used in semiconductor
industry (ion implantation, diffusion, oxidation, physical etching and deposition,
lithography,...).

Athena input file

B It is a text file that can be arranged by

using Deckbuild or any text editor. Athena simulation

EIt collects a sequence of commands E Generating Athena input file

(statements) corresponding to the individual B Running Athena simulation
steps of a process flow and control
commands specified to select physical models
and parameters.

B Analyzing Athena output file
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Simulation problem specification

The simulation problem must be specified in the input file, defining the
following steps:

Initial geometry

B Simulation grid
E Initial substrate

Sequence of process steps

Epitaxial growth
Layers deposition
Geometrical etching
lon implantation
Diffusion

Physical models

B Implant models
B Diffusion models
B Oxidation models
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Running Athena simulation

~|Deckbujld V5.284 R — B0301-0002_1000.in (edited) - |

Running Athena inside Deckbuild

go athena

To run Athena inside Deckbuild use the Bensngsmmansomsons
- - ine » 1oc=0.0 spac=0.5
following command line: e % loc=1.0 spac=0.5

Tine v loc=0.0 spac=0.01
Tine v loc=0.4 spac=0.005
Tine y loc=0.6 spac=0.005

> go athena AR e

#

#

HHHHEH Y
# Substrate
HHHHEH Y

Running a given Athena VerSion Lm’t silicon c.boron=4.2e14 aorientation=100

# Pre—implant oxide

The Syntax IS: geposit oxide thick=0.035
FHEH R
1 §#§§§§§#§§§L§§§#w
> go athena SlmflagS:“—V 5_8_0_ R” implant boron dose=1.5e14 energy=60 bca tilt=7 rotation=0 sampling n.ion=5000

beamed dth=1.3
#

Running Athena without Deckbuild

ATHENA : Enabled

To run Athena directly under unix use the - Hake Carlo sl ane o
following command line: eloiimy L e

. . It is now Tue Aug 7 15:40:51 2007
> athena <|nput fllename> "gmgggﬁghena 5.15.3.F (Thu May 10 15:45:56 POT 2007) iz executing on
> athena —V 5.8.0.R <input filename> Losding model il “athenamod. .. done.
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Athena output file

The main Athena output is the Standard Structure File, a universal file
format used by Silvaco simulation programs. The STRUCTURE statement of

Athena creates a Standard Structure File (.str), which contains mesh and
solution information, model information, and other related parameters.

¥

The saved Structure File can be used by:

E Athena to continue process simulation
B Atlas or other device simulators to perform electrical analysis
B Tonyplot to graphically display the structure created by Athena

B Devedit to modify the mesh and the structure before running a device
simulation
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Question 1

A process simulation problem must be specified in the:
a) output file
b) input file

c) Standard Structure File

{
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Creating a device structure

The following section will describe how to use Deckbuild interface in order to
create a typical Athena input file. In particular, the process simulation of a
simple pn diode is described.

Basic operations to create the input file

B Developing a good simulation grid

B Defining initial substrate

B Performing layer deposition

B Performing geometrical etching

B Performing ion implantation and diffusion

B Specifying the electrodes

B Saving the structure file
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Running Athena inside Deckbuild

The Commands menu includes the statements of the current simulator

—Deckbuild V3.28 4 R — (NONE), dir, /home/pas_cad-he - |

To define simulation grid

To define initial substrate

1 Enabled

ELITE
Monte Carlo Deposit/Etch 1 Enabled
OPTOLITH : Enabled

To specify process steps

It s now Tue Jul 1 11:54:39 2008

fithena athena 5.15.3.R (Thu May 10 16:43:36 POT 2007) 1s executing on
"CTHSS027"

Loading model File “athenamod’... done.
| ATHENA>

To specify electrodes

To access Athena
coefficients file

To save a structure file

To generate Extract statement

{
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What is a simulation grid

The simulation grid represents the points (nodes) of the structure where the model

equations are solved. Therefore the correct specification of a grid is critical in process
simulation.

Th b f d 0 th A finer grid should exist only in the

.3 rr:um e;_ 0 tn_o ﬂes n the I:» critical areas of the simulation structure
art as a direct intiuence on (where ion implantation will occur or
simulation accuracy and time.

where p-n junction will be formed).

View Grid View Grid

Uniform grid

Non uniform grid
fine into unnecessary regions

fine only into critical regions

F
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Defining simulation grid (1)

Open the Commands menu and select Mesh Define...

Deckbuild: ATHENA Mesh Define E Units are Microns

B In the Mesh Define Menu click on the Location field and
enter a value of 0.0.

E Then, click on the Spacing field and enter a value of 0.1.

B Finally, click on the Insert button and the Iline
parameters will appear in the scrolling list.

B Set the location of a second X line to 4.0 with the same
spacing of 0.1. " | Deckbuild: ATHENA Mesh Define

E In the same way, set the values for the Y direction
as showed in the figure.

B Before writing the mesh information into the input
file, select the View... button.

{
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Defining simulation grid (2)

Pressing the View... button a preview of the rectangular grid will appear.

— Deckbuild V3.28 4 R — prova.in (edited), dir; /home,/nas | -

— View Grid

go athena
#

# Non uniform grid
Tine % Toc=0.00 spac=0.1
Tine % Toc=4,00 spac=0.1

#

Tine v Toc=0,00 spac=0.02
Tine v Toc=1.00 spac=0.02
Tine v Toc=3,00 spac=0.2

$ﬂ

It 15 now Wed Tul 9 11:07:07 2008

. erte the MeSh Deflne Informatlon to the #thena athena 5.15.3.R (Thu May 10 16:45:56 PDT 2007) 15 executing on "CTHSSDZ27"
input file by pressing the Write button.

Loading model file “athenamod”... done.
ATHENA >
ATHEWA> #

E A set of command lines will appear in the ATHENA & Non uniform o d

ATHENA> Tine ® Toc=0.00 spac=0.1
ATHEMA> Tine % Toc=4.00 spac=0.1

Deckbuild Text Subwindow. The first line (go ATiEN #

. . N ATHEMA> 1jne y Toc=0,00 spac=0.02
Athena) tells Deckbuild that the following file ATAEMAS 1ine 3 Tocod:00 cpaccg2
ATHENA: #

should be run by Athena. )

F
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Question 2

The simulation grid:

a) should be uniform in all device regions
b) has direct influence on simulation time

c) must not be necessarily defined in the input file

{
IMS CAD & Design Services Maria Concetta Allia _‘7’;’
/
S—— . 12



Defining initial substrate (1)

Choose the Mesh Initialize item in the Commands menu

Deckbuild: ATHENA Mesh Initialize

B In the Mesh Initialize popup set the
material, the orientation and the background
doping.

B Substrate concentration can be specified
by Resistivity (in  Ohm*cm) or by
Concentration in atom/cm3.

B In the Dimensionality field click on the 2D
button to run the simulation in a two-
dimensional calculation (*).

B The mesh initialization information can be
written into the file by pressing the Write
button.

* 2D mode is used in this tutorial to give an idea of 2D grid generation and manipulation. In most cases, however,
the Auto default shouldn’t be changed. Athena will begin in 1D and will automatically switch to 2D mode at the first
statement that disrupts the lateral uniformity of the device structure. This generally results in a considerable saving
of computation time.

{
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Defining initial substrate (2)

— [Deckbuild ¥3.28 4 R — prova.in, dir; /home/nas_cad—hc| -

B Pressing the Write button the corresponding
command line will appear in the Deckbuild
Text Subwindow.

go athena

#

# Mon uniform grid

Tine % Toc=0.00 spac=0.1
Tine % Toc=4.00 spac=0.1

#

Tine v loc=0.00 spac=0.02
Tine v log=1.00 spac=0.02
Tine v loc=3.00 spac=0.2

Ilinit silicon c.arsenic=3.0e14 orientation=100 two.d

E Press the Run button to run Athena and to
obtain the initial structure.

Loading model file “athenamod”... done.

ATHEMA:

ATHENA: #

ATHENA: # Hon uniform grid
ATHENA: Tine w loc=0.00 spac=0.1
ATHENA: Tine w loc=4.00 spac=0.1
ATHENA: #

B Through the history function a structure file is
ATIEWS Tine y Tocea.00 spac=. 2 automatically saved. The STRUCT QUTFI LE line
ATHENA: 1ine v loc=1.00 spac=0.02 .

ATiENR, g 7 106000 shacta.Z IS generated in the Deckbuild Output
ATHENA: _ini ili arsenic=3,0e14 orjentation=10=mm .
Subwindow.

0[] [
ATHEMA struct outtile=.history01.str
ATHENA >

f
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Visualizing initial structure

B Highlight with the mouse the name of the structure file (LhistoryO1l1.str)

B Click on the Tools button.

B Select Plot — Plot structure

_ Tonyplot ] |

File Edit Plot Tools Production Help [ ] DeC kb u I I d Wl I I run TO nyp I Ot

@ 3= LS B IR

ATHENA
Data from .history11.str

B In Tonyplot window click on the Plot
menu button and select Display.

B In the Display popup select the Mesh and
Doping buttons to display the initial
triangular grid and the substrate doping.

— Tonyplot: Display (2D Mesh)

Y \ 4 Y
Tonyplot 3.6.4 R ® Silvaco 2007 Mesh Do P in g Junction

{
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Layer deposition (1)

The previous | NI T statement created the
<100> silicon region of 4.0pm x 3.0pm
size, which is uniformly doped with arsenic
concentration of 3el4 atom/cm?3.

This simulation structure is ready

:» for any process step (deposition,
implantation, diffusion, ...).

Select the items Process — Deposit — Deposit... from the Commands menu

— Deckbuild: ATHENA Depaosit

B Select Oxide from the Material menu
and set its thickness to 0.02 pm.

B Set to 5 the Total number of grid layers
(it is always useful to set several grid
layers in a deposited layer).

B Click on the Write button.

{
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Layer deposition (2)

Pressing the Write button, the corresponding command line is showed in the
Deckbuild Text Subwindow. The history file can be displayed by Tonyplot to check the
structure step by step.

— Deckbuild V3.28 4 R — prova.in, dir; /home /mnas_cad—hc

— Tonyplot - _l

File Edit Plot Tools Production Help

go athena
#

o 3= B g | D e

ATHENA
[rata from .history12.str

# Mon uniform grid

Tine % loc=0.00 spac=0.1

Tine % loc=4.00 spac=0.1

#

Tine v loc=0.00 spac=0.02

line v loc=1.00 spac=0.02

line vy 1oc=3.00 spac=0.2

#

init silicon c.arsenic=3.0e14 orientation=100 two.d

Ildepusit oride thick=0.02 divisions=5

0.04

Microns

Loading model file “athenamod”... done. -
ATHENA>

ATHENA> #

ATHENA> # Non uniform grid

ATHENA> Tine # loc=0.00 spac=0.1

ATHENA> Tine x loc=4.00 spac=0.1

ATHENA> #

ATHENA> Tine v loc=0.00 spac=0.02

ATHENA> Tine v loc=1.00 spac=0,02

ATHENA> Tine vy loc=3.00 spac=0.2

ATHENA> #

ATHENA> init silicon ¢.arsenic=3.0e14 orientation=100 two.d

01z

0.18

1} 1 3 3 4

ATHENA>
ATHENA>
ATHENA>
ATHENA>

ATHENA> struct outfile=.historydl.str

#
deposit oxide thick=0.02 divisions=5

struct outfile=.historynz.str %

IMS CAD & Design Services

Microns

Tonyplot 3.6.4 R © Silvaco 2007
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Geometrical etching (1)

The next step in this process simulation is to define an implant window. To do this,
first deposit a layer of barrier (or photoresist). Then perform the geometrical etching
of the layer where we want to implant. To set a geometrical etch step:

Select Process — Etch — Etch... from the Commands menu.

— Deckbuild: ATHENA Etch

E Select barrier from the Material menu.

B An arbitrary shape of the etching can
be obtained by using the Any Shape
button.

E Specify X and Y locations of the four
vertices of the rectangle you want to
eliminate.

B Click on the Write button.

{
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Geometrical etching (2)

Pressing the Write button, four etch lines will be inserted into the input file. The
structure created by this etch statement is shown in the plot on the right.

— Deckbuild V3.28 4 R — prova.in (edited), d

Tine % Toc=4.00 spac=0.1
#

Tine v Toc=0.00 spac=0.02

Tine v Toc=1.00 spac=0.02

Tine v Toc=3.00 spac=0.2

#

init silicon c.arsenic=3.0e14 orientation=100 two.d
#

deposit oxide thick=0.02 divisions=5
#

deposit barrier thick=1

gtch barrier start w=1.00 y=0.00
etch cont %=3.00 y=0.00
gtch cont %=3.00 y=-2.00
gtch done x=1.00 y=-2.00

&

ATHENA?

LA

Micrans

Tonyplot - IJ
File Edit Plot Tools Production Help

B oE | 9 e
ATHENA
Data from .history14.str

ATHENA>
ATHENA>
ATHENA?
ATHENA>
ATHENA>
ATHENA>
ATHENA>
ATHENA>
ATHENA>
ATHENA>
ATHENA?
ATHENA>
ATHENA>
ATHENA?
ATHENA>
ATHENA>

IMS CAD & Design Services

Ting v Toc=3.00 spac=0.2
#

init silicon ¢.arsenic=3.0e14 orientation=100 two.d

struct outfile=.historydl.str

#
deposit oxide thick=0.02 divisions=5
struct outfile=_historyd2.str

deposit barrier thick=1

struct outfile=.historydd.str

#

etch barrier start »=1.00 y=0.00
etch cont #=3.00 y=0.00

etch cont %=3.00 y=-2.00

etch done %=1.00 y=-2.00

struct outfile=.histary0d4.str H

kiaterials

Silicon
S0z
Barrier

Tonyplot 3.6 .4

Silvaco 2007
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lon implantation (1)

The implant statement can be set by using the Implant Menu. To open this menu:

Select Process — Implant... in the Commands menu

— Deckbuild: ATHENA Implant

The fundamental parameters that can be
specified are:

B Name of implant impurity

B Implant dose (in atm/cm?)

B Implant energy (in KeV)

B Tilt and rotation angles (in degrees)

B Material type (crystalline or amorphous)

The available implant models will be discussed in the next section. By default the
analytic model is selected.

{
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lon implantation (2)

Pressing the Write button the implant statement appears in the input file

— Deckbuild ¥V3.28 4 R — prova.in {edited), dir; /home/nas

Tonyplet

File Edit Plot Tools Production Help
LIS I

LA =

#

# Non uniform grid
Tine % loc=0.00 spac=0.1
Tine ® loc=4.00 spac=0.1

ATHENA Section 1 from history15 str

Data from history15 str

{1.973 , ~1.181) to (1.973 , 3.000)

=== Met Doping (fcm3)

Tine v loc=0.00 spac=0.02
Tine ¥ loc=1.00 spac=0.02
Tine v loc=3.00 spac=0.2

init silicon c.arsenic=3.0el4 orientation=100 two.d
#
deposit owide thick=0.02 divisions=5

#
deposit harrier thick=1
#

mesh

etch barrier start x=1.00 y=0.00
gtch cont w=3.00 w=0.00
etch cont x=3.00 y=-2.00
gtch done w=1.00 w=—2.00

Microns
|

Ll I\I\u_:j Lol

] cutline

HetDeping Cem3)

implant boron dose=1.0e13 energy=100 tilt=7? rotation=0 crystal I

PO IEIE ) T e B NN it

H|||,|_|:]A

ATHENA> #

ATHEMA: deposit barrier thick=1
ATHEMA> struct outfile=.historyD2.str

ATHENA> #

ATHEMA> etch barrier start x=1.00 y=0.00

ATHENAY etch cont x=3.00 y=0.00

ATHEMA: etch cont »=3.00 y=-2.00

ATHEMA> etch done x=1.00 y=-2.00

ATHEWA: struct outfile=.history0d.str

ATHENA> #

ATHENA> deposit oxide thick=0.02 divisions=5

ATHEWA: struct outfile=.history0d.str

ATHENA> #

ATHEWA: implant boron dose=1.0813 energy=100 ti1t=7 rotation=0 crystal
ATHEMA> struct outfile=.historyds.str h

ATHENA> #

Matenals

Silicon
02

Lo e R NN

|\|||,|_|E

Barrier

11 TT T[T T T[T T T[T T T[T T T[T T T[T TTI[T

0 1 z 3 4 0 04 0.8 1.2 16 2 z4 2.8

Microns

Microns

Tenyplot 3.6 4 R © Silvaco 2007

2D profile after 1D profile obtained performing a
the implant step vertical cutline on the 2D structure

4
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Question 3

The implantation step:

a) must always be performed in 2D mode
b) can be performed only on crystalline silicon

c) requires the specification of implant dose and energy

f
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Removing implant mask

Before the diffusion step it is necessary to remove the barrier mask performing an
etching process.

To do this select Process — Etch — Etch... from the Commands menu.

— Deckbuild: ATHENA Etch

e Select Barrier from the Material
menu.

e Select All from the Geometrical
type menu

e Click on the Write button.

{
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Removing implant mask (2)

In this way the statement that removes all the barrier material from the structure
appears in the input file.

Deckbuild V3.38.4.R — diodo.in (edited), dir; /home/nas

qo athena
#

- Tonyplot o
File Edit Plot Tools

# Mon uniform grid
Tine » loc=0.00 spac=0.1

Tine % loc=4.00 spac=0.1 B 3 H | 0 e
#

Tine v loc=0.00 spac=0.02
Tine ¥ loc=1.00 spac=0.02
Tine v loc=3.00 spac=0.2
#

ATHENA
Data from .history 06.str

#
init silicon c.arsenic=3.0e14 orientation=100 two.d

#

depo oxide thick=0.02 div=5
#

depo barrier thick=1

#

#

etch barrier start »=1.00 w=0.00
etch cont »=3.00 y=0.00

etch cont »=3.00 y=-2.00

etch done »=1.00 y=-2.00

#
implant boron dose=1.0e13 energy=100 tilt=7 rotation=0 <rwstal

kil
Ietch barrier all

ATHENA> #

ATHENA> depo barrier thick=1
ATHEMA> struct outfile=.history03.str

ATHENA> #

ATHENA> #

ATHENA> etch barrier start x=1.00 w=0.00

ATHENA> etch cont »=3.00 w=0.00

ATHENA> etch cont %=3.00 y=2.00

ATHENA> etch done w=1.00 w=2.00

ATHEMA> struct outfile=.historyid.str

ATHENA> #

ATHENA> implant boron dose=1.0e13 energy=100 tilt=7 rotation=0 crystal
ATHENA> struct outfile=.history0S.str

ATHENA> #

ATHEMA> etch barrier all

ATHEMA> struct outfile=.history0B.str %

ATHENA> #

o 1 2 3 4

hicrans
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Diffusion (1)

Select Process — Diffuse... in the Commands menu

The Diffuse menu has four sections. Only the Time/Temperature and Ambient fields
appear initially. The Impurities and Models fields appear only when the corresponding
check boxes are selected.

Deckbuild: ATHENA Diffuse

The minimum set of diffusion parameters is:
B Time (minute is the default)

B Temperature (in Celsius degree)

B Gas pressure (default=1 atmosphere)

If the ambient is a mixture of oxidants,

select the Gas Flow button in the ambient
section and an additional Menu will appear.

Deckbuild: ATHENA Gas Flow Properties

{
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Diffusion (2)

Pressing the write button the corresponding command line will appear in the
Deckbuild text window.

ine x loc=0.00 spac=D.1
% loc=4.00 spac=0.1 ATHEMNA Section 1 fram .history18.str

]#'I ne y Toc=0.00 spac=D.D2 Data from _history 18 str (1.946 , -0.102) ta {1.946 , 3.000)
line v loc=1.00 spac=0.02 ] 3
Tine y Toc=3.00 spac=0.2 7] 7 : 3  vsemicoma
i - | ] — eormn
init silicon ¢.arsenic=3.0e14 orientation=100 two.d p - - _ Nemo”.c ;K "
§ . E ping ttcm
deposit oxide thick=0.02 divisions=5 B ]
# ' _
deposit barrier thick=1 i 4 3
4 20 — E
gtch barrier start x=1.00 y=0.00 i 1
etch cont »=3.00 y=0.00 i =
etch cont #=3.00 y==2.00 12— 3
gtch done #=1.00 y==2.00 - R ]
# g 1 _
implant boron dose=1.0e13 energy=100 ti1t=7 rotation=0 crystal g ] 3
" 15—
|diffusion temp=1000 time=20 f.02=0.08 f.n2=g | o ]
= Al =115 3

i 17 ]

165
T 159 =
4| =158 3
= .
Solving time :00:08.5 + [4.439 1 =1 7
solving time 100:13.0 + [4.439 E E}gs : —
solving time 00:00:17.5 + [5.929 a = Zen 3
Solving time 00:00:23.4 + [5.929 * =iz L sieen ]
Solving time 00:00:23.3 + [39.2 —_— = S N
Solving time 00:01:08.5 + [39.2 . \ . . " e ar as
Solving time 00:01:47.7 + [E0.28
solving time n0:0z:48.0 + [60.28 o -
Solving time 00:03:48.3 + [58.95 BEIES e
solwing time 00:04:47.2 + [58.99 ” 36 4R @ Silvace 2007
Solving time 00-05°46.2 + [129.3 Tonyplot 3.6 4R @ Silvaco 2007
solving time o0:08:06.1 + [139.9
Solving time 00:10:26.1  + [300
Solving time 00:15:26.1  + [273.9
Solving time Chhimmiss.t) 00:20:00.0
ATHEMA> struct outfile=.history0s. str ﬁ - H H H
2D profile after 1D profile obtained performing a

the diffusion step | | vertical cutline on the 2D structure

4
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Question 4

The diffusion step:

a) doesn’t allow to specify a mixture of oxidants
b) can be performed only after an implant step

Cc) requires time and temperature to be specified

f
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Specification of Electrodes (1)

The ultimate goal of an Athena simulation is to create a device structure that can be
used by the device simulator for electrical characterization. The locations of
electrodes can be specified both in Athena and Atlas. Athena can attribute an
electrode to any metal, silicide, or polysilicon region. After creating the aluminum
contact, by using deposition and etching, open the Electrode Menu:

Select Structure — Electrode... in the Commands menu

— Deckbuild: ATHENA Flectrode

E To set the anode electrode select the Specified
Position button, write the X position and the
name.

— Deckbuild: ATHENA Elecirode . ]
| B To specify the Dbackside electrode, select

Backside and type the name cathode.

{
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Specification of Electrodes (2)

Pressing the Write button, two command lines will be inserted into the input file.

— Deckbuild V3.28 4 R — prova.in (edited), dir; /home,/nas.

#
deposit owide thick=0.02 divisions=5
#

Tonyplot
deposit barrier thick=1 File Edit Plot Toeols Proacction Help
# g 3 g |0 %

etch barrier start x=1.00 y=0.00
etch cont #=3.00 w=0.00

gtch cont x=3.00 y=-2.00

etch done w=1.00 y=-2.00

#

ATHENA
Data frorM\jode_2D.str

E (\&— L

-

implant boron dose=1.0e13 energy=100 ti1t=7 rotation=0 crystal
#

diffusion temp=1000 time=20 f.02=0.08 f.n2=8

#

deposit aluminum thick=0.1

#

etch aluminum Teft p1.x=1.50
etch aluminum right pl.x=2.50

electrode name=anode x=2.00
electrode name=cathode backside

™

Microns

— Met Coping (fem3)

|
s
e

ATHENA> #

ATHENA> etch aluminum Teft pi.x=1.50
ATHEMA> struct outfile=.historydd.str
ATHENA> etch aluminum right pl.x=2.50
ATHENA> struct outfile=.history0d.str
ATHENA: #

ATHENA> electrode name=anode x=2.00

haterials
Silicon
Aluminum

Electrodes

Mote:  Material at chosen Tocation is aluminum. Electrode is set
for this region. Location 15 % = 2.000000

ATHENA> s%cruct gutfﬂe=.h1’ﬁtgry1hﬂ.ﬁtrd

ATHENA> electrode name=cathode backside

ATHEMA> struct outfile=.history11.str &
ATHENA> #

cathode
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Saving a structure file

If you want to save the structure information generated after some key process steps

Select Commands — File 1/0....

— Deckbuild V3.28 4 R — prova.in (edited), dir; /home nas | -

E Specify a file name (the file extension .str is
recommended) and click on the Save button.

etch cont »=3.00 w=0.00
etch cont »=3.00 y=—2.00
gtch done »=1.00 w=—2.00

#
deposit oxide thick=0.02 divisions=5
#

implant boron dose=1.0e13 energy=100 tilt=7? rotation=0 crystal

E Press the Write Dbutton and the i
- - - - - - diffusion temp=1000 time=20 f.o02=0.08 f.n2=8
corresponding line will appear in the input file. b ottt thichoo. 1
#

etch aluminum Teft p1.x=1.50
etch aluminum right pl.x=2.50
#

electrode name=anode x=2,00

= e ekbiild L SHENCN I /@ e

ATHENA> etch aluminum right pl.x=2.50
ATHENA> struct outfile=.history0d.str
ATHEMA> #

ATHEMA> electrode name=anode x=2.00

Hote: Material at chosen location is aluminum. Electrode is set
for this region. Location is » = 2.000000

ATHEMA> struct outfile=.historyin.str

ATHEMA> electrode name=cathode backside
ATHEMA> struct outfile=.historyid.str

ATHENA> #

ATHEMA>

ATHENA> struct outfile=diode_2D.str &
ATHEMA> #

ATHENA> |

{
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Restarting Athena simulation

A structure file can be used to initialize an Athena input file for further processing. To
reload a structure file

Select Commands — File 1/0....

— Deckbuild V3.28.4 R — provain (edited), dir; /home nas | -

B Press the Load button and insert the file name.

Tine v Toc=3.00 spac=0.2
#

. PreSS the Write button and the Corresponding Lm’t silicon c.arsenic=3.0e14 orientation=100 twa.d
Iine WIII appear in the input file (*). deposit oxide thick=0.02 divisions=3

#
deposit barrier thick=1
#

etch barrier start x=1.00 y=0.00
etch cont x=3.00 y=0.00
etch cont x=3.00 y=-2.00

—Deckbuild: ATHENA File 1/0 gech done 11,00 2.0

implant boron dose=1.0e13 energy=100 tilt=7 rotation=0 crystal
#

struct outfile=aft_impl.str

init infile=aft_impl.str |

'ciiffusinn temp=1000 time=20 f.o2=0.08 f.n2=2
#

deposit aluminum thick=0.1

ATHEMA> #
ATHENA> init infile=aft_impl.str
ATHEMA> #
ATHENA> diffusion temp=1000 time=20 f.o2=
Solving time Chhimm:ss.t) 00:00:00.0 +
Solving time Chhimm:ss.t) 00:00:00.0 +
Solwing time Chhimm:ss.t) 00:00:00.0 + [0.1 sec]  [1.e+04%] [np 3632]
Solwing time (hhimm:ss.t) 00:00:00.1 + [1.032 sec] [1032 %] [np 3632]
Solwing time Chhimm:ss.t) 00:00:01.1 + [4.01  sec] [388.5 %] [np 3632]
+
+
+
+
+
+

.08 f.n2=8
[1e-03 sec] [100 %] [np 3632]
[0,00058 sec] [9900 %] [np 3632]

Solwing time Chhimm:ss.t) 00:00:05.1 [18.8 sec] [468.9 %] [np 3632]
Solwing time Chhimm:ss.t) 00:00:23.9 [46.86 =sec] [249.2 %] [np 3632] *
Solwing time Chhimm:iss.t) 00:01:10.8

* Note that only the structure will be reloaded. Any parameters or | Solving tine (hhim:ss.0) o0:a1:se.6
. . . . : olwing time (hh:rrm:ss.t) 00:03:0

coefficients that were set during previous simulations must be |5 tire themiss.t

reset if they are needed.

[46.86 =ec] [100 %] [np 3632] *
[71.16 =sec] [151.3 %] [np 3632]

[71.16 =ec] [100 %] [np 3632] *
[97.04 %]

sac] 3632]

IMS CAD & Design Services Maria Concetta Allia




Epitaxy Process

Epitaxy is modeled as a combination of deposit and diffuse processes. Autodoping
from a highly doped buried layer into a lightly doped epitaxial layer can be simulated.

Select Process — Epitaxy in the Commands menu.

The Epitaxy Menu consists of four sections:
Deckbuild: ATHENA Epitaxy

The command line of a typical epitaxial step is:

EPITAXY TIME=10 TEMP=1100 THICKNESS=5 DIVISIONS=20 C.PHOSPHOR=1.0E15

{
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Extract function (1)

Deckbuild has a built-in language that allows extraction of physical and electrical
quantities from simulation results. The result of all extract expressions is either a
single value or a two-dimensional curve. To place an extract statement:

Select Extract... in the Commands menu

Deckbuild: ATLAS Extract (Process)

B In the Extraction popup, choose the
desired extract routine from the Extract
field.

B The popup will display different items
depending on the chosen routine.

B Enter the required information for
each item on the popup.

An extract name is always required. By default, all extract results are written to a file
named results.final. But the Results datafile field allows you to specify the results file
for each individual extract statement.

‘ f
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Extract function (2)

It is possible to create customized expressions or choose from a number of
standard routines provided for the process simulators.

Deckbuild: ATHENA Exdract

E It is also possible to take one of the standard
expressions and to modify it to suit needs.

E Extract has variable substitution capability so
that you can use the results of previous extract
commands.

{
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Question 5

INn a process simulation:

a) only one structure can be saved at the end of the
simulation input file

b) intermediate structures can be saved and displayed by
Tonyplot

c) intermediate structures can be saved, but not displayed

4
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Choosing models in Athena

In dopant involving simulation the A correct choice of models is
use of the appropriate model is I:» ngedec_j for |mp_lantat|on,
critical for simulation accuracy. diffusion (or rapid thermal

annealing) and oxidation.

The key to accurately simulate
any dopant related process is to

correctly account for damage in
the semiconductor.

The simulation time is A compromise between simulation
greater if the models are :’ accuracy and simulation time can
more complicated. always be achieved.

4
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Implant models

Athena uses analytical and statistical techniques to model ion implantation

@ Analytical models are based on the reconstruction of implant profiles from the
calculated or measured distribution moments.

@ Statistical models use the physically based Monte Carlo calculation of ion trajectories
to calculate the final distribution of stopped particles.

Model Syntax Assumption | Recommendation

GaUss AUSS Analvtical - Generally it is inadequate because real
g y profile are asymmetrical in most cases.

Pearson 1V - For profiles heavily affected by channel.

Dual Pearson IV | pearson Analytical - Sims-Verified Dual Pearson (SVDP) implant

(default) models for B, BF2, P, As.

Monte Carlo montecarlo Statistical - When channeling is not described by SVDP.

BCA bca - High or very low energy.
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Monte Carlo model

A beam of fast ions entering crystalline or amorphous solid is slowed down and scattered
due to nuclear collisions and electronic interaction. The paths of the individual moving
particles and their collisions are modeled by means of the Binary Collision
approximation (BCA).

— Deckbuild: ATHENA Implant

User need to specify some optional
parameters to control Monte Carlo calculation.
The fundamental one is the Number of ion
trajectories.

@ The default is 1,000 for 1D structures and
10,000 for 2D structures.

@ The accuracy increases with the number of
ions, but also the execution time increases.
Therefore a compromise must be achieved.

{
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Two dimensional implant profile

Athena calculates 2D implant profiles by using the following approximation:

fo (X, y) = f,(y) U (x)

¢ N

Longit_udinal function f,(y): Depth-independent
Gaussian (default), Pearson, transversal function f,(x)
Dual-Pearson

LAT RATIOL = ateralstddev _, ocouin)

proj range
LAT.RATIO2 (2" Pearson ) = 0.2 (default)

Lateral standard deviation

The pri nt. nomparameter in the | MPLANT statement prints the calculated (or extracted
from the tables) moments into output.

4
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Diffusion models (1)

All diffusion models follow the same generic mathematical form of a continuity equation.

The rate of change with time of the number of

particles in a unit volume must equal the

A continuity equation merely :’ number of particles that leave that volume
expresses particle conservation. through diffusion, plus the number of particles

that are either created or annihilated in the
volume due to various source and sink terms.

This basic continuity equation for the diffusion of some particle species (C) in a piece of
semiconductor material is a simple Second Order Fick’s Equation:

aC,,
ot

=-0J, +S

where:

@ C,, is the total particle (chemical) concentration
m J, is the flux of mobile particles

m S accounts for all source and sink terms.

F
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Diffusion models (2)

In semiconductor diffusion problems, there are generally two contributors to the particle flux:

@ An Entropy Driven term that is proportional to the concentration gradient of mobile
particles. The coefficient of proportionality, DA, is called the diffusivity.

@ A Drift term that is proportional to the local electric field.

The Flux Term J, can be written as:

J,=-D,0C, +C, uE
where:

@ C, is the mobile impurity concentration
@ U is the mobility

= E is the electric field

m D, is the diffusivity

The Einstein relation relates mobility and diffusivity through the expression:

D=—u

4
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Diffusion models (3)

The main differences between athena diffusion models are the way point defects are
represented. The selection of which model to use depends upon the existence or the
generation of point defects during the diffusion process and the dopant concentrations
within the silicon.

Model Syntax | Assumption Recommendation
Fermi - Low concentration (less than1E20 cm-3)
fermi Defects in equilibrium. - Inert ambient
(default) : :
- Low execution time
Transient defect diffusion.
Two _ Dopant diffusion influenced by | _ oxjgation Enhanced Diffusion
di . I two.dim | point defects diffusion. Point >
Imensiona defects diffusion is independent | - Implant dose lower than 1E13 cm
of dopant diffusion.
- Implant dose greater than 1E13 cm™2
u yl d full.cpl | dopants diffusion and point | - Transient Enhanced Diffusion
coupie defects diffusion.

- RTA
- High execution time
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Diffusion models (4)

Make sure that the correct process models are used in the process flow!

diffusion temp=1100 time=30 f.02=0.08
= Keayplet 3N diffusion temp=1100 time=30 f.02=8.0

File Edit Plot Tools Production Help
O = g 18[00 = Tonyplot -]

ATHEMA OVERLAY File Edit Plat Tools Production Help

Data from multiple files @ 3= LI I
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Tonyplot 3.6.4 R © Silvaco 2007

hdesh coordinate

fu I Iy cou p I ed Tonyplot 3.6 4 R © Silvaco 2007
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Question 6

To simulate a diffusion step, in oxidizing ambient after a
high dose implant, the diffusion model to set is:

a) Fermi or Two Dimensional
b) Two Dimensional or Fully Coupled

c) Fully Coupled

f
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Oxidation models (1)

The two-dimensional oxidation model is based on the linear-parabolic theory of Deal
and Grove. Silicon oxidation is modeled by considering the following three processes:

@ Oxidant is transported from the ambient gas into the SiO, layer at the gas/SiO, interface.
@ Oxidant is transported across the SiO, layer until reaching the Si/SiO, interface.

@ Oxidant, arriving at the Si/SiO, interface, reacts with silicon to form a new layer of SiO,.

The transport of oxidant across the gas/SiO2 interface is given by:

F =h(C"-C,)n,
where:
= h is the gas-phase mass-transport coefficient.
= C” is the equilibrium oxidant concentration in SiO,.
@ C, is the oxidant concentration in SiO, at the gas/SiO, interface.

@ Ng is a unit vector normal to the gas/SiO, interface pointing toward the silicon layer.

F
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Oxidation models (2)

Silicon thermal oxidation is modeled when a DI FFUSI ON statement contains a dryo2,
wet 02, f. 02, or f. h2o parameter.

Model Syntax Assumption Recommendation

Recommended for simulations of
planar and non-planar structures,
where stress effects play a minor
role in determining the oxide shape.

Compress

compress Non-planar with linear flow.
(default) P P

When stress effects are important
Viscous Viscous Non-planar with non linear flow. | (e.g. birds beak with thick Si;N,).
Execution time is higher.

The grid. oxi de parameter in the METHOD statement (default is 0.1um) controls the
number of grid layers added during the oxidation use

F
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Model setting

Diffusion and oxidation models can be specified in the METHOD statement. In the Diffuse
Menu, the Models field appears only when the corresponding check box is selected.

—|Deckbuild V3.28.4 R — provain (edited), dir; /home, /mas -

Deckbuild: ATHENA Diffuse

etch cont %=3.00 y=0.00
etch cont %=3.00 y=-2.00
etch done w=1.00 y=-2.00

implant boron dose=1.0e13 energy=100 ti1t=7 rotation=0 cCrystal
#

struct outfile=aft_impl.str

#

init infile=aft_impl.str

#

i
method fermi compress |

g%ffus time=20 temp=1000 f.n2=8 f.02=0.08
#

deposit aluminum thick=0.1
#

ATHENA> Tine y Toc=3.00 spac=0.2
ATHENA: #

ATHENA> init silicon ¢.arsenic=3.0e14 orientation=100 two.d
ATHENAY struct outfile=. history0l.str

ATHEWA: #

ATHENAY deposit oxide thick=0.02 divisions=5

ATHENA> struct outfile=.history02.str

ATHENA>

ATHENAY deposit barrier thick=1

ATHENA> struct outfile=.history03.str

ATHENA: #

ATHENA> etch barrier start x=1.00 y=0.00

ATHENA> etch cont #=3.00 y=0.00

ATHEN&> etch cont #=3.00 y=-2.00

ATHENA> etch done #=1.00 y=-2.00

ATHENA> struct outfile=.history0d.str

ATHENA>
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