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Introdu

We hope you find this tutorial useful to quickly get familiar with GTS Framework. Besides
describing the framework, it explains working with the provided tutorials and examples,
which are in fact a special kind of projects that you can open.

Using GTS Tt s pplication Examples

GTS tutorials generally consist of (a) a written description (printed or PDF) and (b) a GTS
project containing all files necessary to reproduce the described simulations as well as the
respective results. (In fact, the project also contains the PDF for reference.)

The written description is intended as a guide while working through the project hands-on
in GTS Framework. Having created a working copy of a tutorial project, you can create
folders in the project step by step, next to the GTS-supplied tutorial folders — and you can
always compare, or even use these folders for subsequent steps.

The next few pages briefly explain this principle, as a prerequisite for starting with the
first example in the next chapter.

Besides the tutorials, GTS also provides application examples, which are awailable as
projects in GTS Framework, too - however, being brief descriptions, they mainly focus on
the results rather than the step-by-step approach of the tutorials.

Projects, ToolFolders, Device Simulation 1
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00 (G Global TCAD Solutions Framework

J TOOLS PROJECTS l SYSTEM ]

managing projects, files, and simulation jobs.

|
| _ll Welcome to GTS Framework 2014.9
D J An intuitive TCAD working environment,
[
-

GTS Framework comprises the following tools, which you can use in your projects: Licenses Manuals

Structure

A multi-dimensional tool for creating and editing device structures in a graphical user
interface,

Includes parametrized device templates which can be extended by the user.

Minimos-NT

A general-purpose semiconductor device and circuit simulator providing steady-state,
transient, and small-signal analysis of 2D and 3D device structures.

Developed in collaboration with Vienna University of Technology.

VSspP

A general-purpose device simulator with quantum-mechanical solver for arbitrary
nano-structures, operating on the Schrédinger-Poisson equation system.
Developed in collaboration with Vienna University of Technology.

VSHE (Experimental)

A deterministic solver for the Boltzmann Transport Equation (BTE) using the spherical
harmonics expansion (SHE) method. Based on ViennaSHE developed at Vienna University of
Technology.

Geant (3rd Party)
A toolkit for simulation of passage of particles through matter.
Developed by CERN - see http://geant4.cern.ch/

Vision
A multi-dimensional device visualization and graph plotting tool, for instantly displaying
simulation results within GTS Framework.

Jobserver
_ GTS Net, built around the GTS Job Server, provides the infrastructure for scheduling and
running jobs on distributed resources.

<
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GTS Projects

0.0.1..The Framework Home

After starting GTS Framework, you should
see the Framework Home with the TOOLS
page. It provides an overview of the
available tools with short descriptions,
installed licenses and the respective
manuals in the rightmost column. You can
open the manuals by clicking on the PDF
icons. The PDF icon at the top opens the
GTS Framework manual, which provides
more in-depth information than this tutorial.

You can start all included tools right here,
but for a more efficient workflow we highly
recommend using projects, as described in
the following steps.

To start working with projects:

@ Click the “PROJECTS” tab (or the
GTS Framework icon) to switch to the
“PROJECTS” page.
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0 &/ Global TCAD Solutions Framework <2>

[ TOOLS I PROJECTS SYSTEM

| (D

Projects

| EInewproject | | @Jopen |

show: || local

Full path (project folder):
/home/docubuntu/gts/Projects/GettingStarted (copy)

3

Cancel

ID  Project name Description Rating  Owner
= _1 MixedModel Tutorial: Mixed-mode simulation capabilities of Minimos-NT. = =
— ettingStarted Tutorial: Basic handling of the GTS framework - =]
[& — DeviceEditor Tutorial: Exemplary device editing capabilities of GTS Structure. = =
[® — DeviceSimulation Tutorial: Exemplary device simulation capabilities of Minimos-NT. = =]
5 Take a look at advanced tutorials and more examples!
)' We probably have a tutorial or example close to your field of application, Barieae
showing you directly how GTS Framework can help for your work.
Open GettingStarted M &) X
2 = GettingStarted is a tutorial. What do you want to do?
* Create working co| ust look
L J L Save new project > X
Create your vorkin You will not be a ] X
and work to save any cha giglect namel
GettingStarted (copy)
Project location:
/home/docubuntu/gts/Projects Browse...

0K

(V] tutorials & examples

Last modified

2015-02-08 15:26:36
2015-02-08 15:26:39
2015-02-08 15:26:37

2015-02-08 15:26:38

Projects, ToolFolders, Device Simulation

=
A
r

P

ial) Projects

The PROJECTS page shows your own
projects as well as GTS-supplied tutorial
projects (highlighted in yellow). You can
show or hide them using the filter
checkboxes at the top-right corner.

You can click on any project to open it. In
case of tutorials, there are two options:

© “Just look” is useful to quickly explore
the tutorial (read-only); one can create
a working copy later on.

» “Create working copy” creates a new
project. So one can experiment with
the contained data while leaving the
original intact.

To follow this tutorial, create a working copy
of the "Getting Started" project:

1. Click on the tutorial “GettingStarted I”
2. Choose “Create working copy” and
3. Confirm the name by pressing “OK”

The project is created and opened, so that
you see the Project Home.
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oo () Gettingstarted-clobalTCEb Solutions Framework S &) 2‘,7 -
. 0 » 0.0.3. The Project Home,
Local project: | saveproject || ®closeproject |
GettingStarted ToolFolders
Project (63 I, ) — i
ot (> Details ¥ Description ~ =0 Information i
R Basic handiing of the GT& gD The Project Home shows some general data
First, an nMOS transistor is created using a device template in GTS Structure. In a succeeding device . & . . . .
simulation, a single bias point, transfer characteristics, and output characteristics are calculated using | m ltS upper pal“t, lncludlng the DeSCI‘IptIOIl
static device analysis.
field which you can use for taking notes
HE — about the project. At the right, you can open
J [ Tvewdoaument | | the PDF (this document).
E ToolFolders
g [ ®Add tool show: (V] Structure (Y] Minimos (Y] vsP (V] Vision (V] Tutorial folders EaCh prOJ eCt Contalns TOOIFO]deI'S, Storlng
Al B o & Comments SR 3: Last modfied ‘ the data for each step in your workflow.
E [ 101 Structure & Tutoriak nmos Ig=200nm, tox=3nm mBD () 20120808 09:12:38 Each ToolFolder is associated with one tool.
T02  Minimos 4 Tutorial: nmos Ig=200nm, tox=3nm, output characteristic =0 [ = (. 2012-08-08 09:12:39
g TO3  Minimos 4% Tutorial: nmos lg=200nm, tox=3nm, transfer characteristic =0 W= () 2012-08-08 09:12:39 B . .
E fE To4 Structure & Tutorial nmos Ig=90nm, tox=1.2nm m =0 (2) 2012-08-08 09:12:39 Tutorial pI‘O_]eCtS have Tutorial ToolFolders
3 T05 Minimos & Tutorial: nmos lg=90nm, tox=1.2nm, transfer characteristic =0 =0 (. 2012-08-08 09:12:39 (-r.., yellOW), Wthh can be used fOI" reference
UD] TO6  Minimos 4% Tutorial: nmos lg=90nm, tox=1.2nm, output characteristic =0 = (.J 2012-08-08 09:12:39 as We].]. as for Subsequent Steps
a]
8
F This project contains six ToolFolders:
~
N The GTS Structure ToolFolders “001” and
9 v “004” contain device structures of 200nm
U}

and 90nm NMOS FETs.

The Minimos ToolFolders “002” and “003”
are simulation folders belonging to the
200nm NMOS, whereas “005” and “006”
belong to the 90nm NMOS, respectively.

Projects, ToolFolders, Device Simulation - 4 ]
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oo () Gettingstarted-clobalTCEb Solutions Framework S &) 2‘,7 -
0.0.4. The Project Home Il
@ ® . Local project: L Save project J [ [ Close project J
e GettingStarted .
Project @ | - Later on, the orange NextTool buttons in
(> Details ¥ Description ~ =0 Information

i1 each line will take an important part in your

workflow.

Basic handling of the GTS framework

First, an nMOS transistor is created using a device template in GTS Structure. In a succeeding device
simulation, a single bias point, transfer characteristics, and output characteristics are calculated using ‘
static device analysis.

Some last tips regarding the Project Home:

J — | ® You can sort the list by clicking on the
headers (click again to reverse order).

ToolFolders

[ &1Add tool show: (V] Structure (VY] Minimos (Y] vsP (V] Vision Tutorial folders ® On eaCh item, use the ["'] button or
1 b Tool @ Comments ERIRE p R Last modified ‘ right-click for further actions.

A

2

Nothing to show in this list.
You might want to select different filter criteria at the top.

o The white file icons indicate whether a
ToolFolder contains input, setup, and
result files.

o To tidy up, you can show/hide the
tutorial folders using the filter check
box indicated by the orange arrow.

Remember, while working with the

project, you can always come back to

the Project Home and open any of

the yellow tutorial ToolFolders, to .
compare results or use the contained

data for subsequent steps.
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Framework home

Proi h . |Proiect ®
roject home [& Firstpevic...

Tools
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5o @

Menu bar

¥

=

File v Reload Save

2T

% Mode

Structure G
5= 001
Minimos ~ EE
002

@ surface () Lines
(J view 30
(] Logarithmic

“~ ) style

Table | Tree

Vision (=[]

9 pocuments

rlll

¥
(e}
2
W
3
<
14
W
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Z
9
=
Q
|
Q
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5 structure_out.devbz
¥ [ segments

> (&5 Grids (3)

> (5 PointLists (4)
» (5 LineLists (1)
> (&5 Dopants (5)

w5 AN Attribtae

¥ Miscellaneous

Tools column

| [ Autoscale CJ Repaint
Grid
O Gri Debug |-500 nm
V) segments [..)
V] Axes
V] colorbar (Y] Segmentbar
(V) Autoupdate
| © J 4 J
Y Y

Control panel

Work area with three pages

0.0.5. Tool User Interface

Finally, a few words on the user interface
shared by all GTS tools:

The green Tools bar at the left provides
access to:

® The Framework Home at the top
® The Project Home directly below
® Opened ToolFolders further down

All other parts of the window belong to the
current tool:

©® The menu bar providing
framework-related functions

® The Control panel at the left
@ Several Pages at the right

For more, refer to the GTS Framework
Manual (PDF: Framework Home / TOOLS).

Now being familiar with the GTS UI concept,
we hope you will enjoy the first simulation in
the following example!




il

<

By example of an NMOS FET with 200 nm gate length, the basic
handling of GTS Framework will be shown. The transistor is created
using a device template in GTS Structure. In a succeeding device
simulation with Minimos-NT, a single bias point as well as transfer
and output characteristics are calculated using static device analysis.

It is assumed that you have worked through the previous introductory chapter, and that
you already have created a working copy of the GettingStarted I project, as described
therein. If you have created the working copy at an earlier time, just re-open it (or create
a new one).

Projects, ToolFolders, Device Simulation 7
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PART 1. NMOS TRANSISTOR 1.1 New Structure

oo () Gektingskarted((upykf GT8 Framework [ Y o \",7

1.1. New Structure

® Local project: Save proj
project [ Close project
GettingStarted (copy) t | ]

Project [E3)
Gettingst...

(=) Details " Description =0 Information Assuming you have your Gettlng Started
st r MO traneistor 14 ereated using a device templats in GTS Structure, In the device simulation. & working copy open already, you should be
single bias point, transfer characteristics, and output characteristics are calculated using static device . A
seeing the Project Home. (If not, please
refer to the introduction above.)

analysis.

,@\newdoc:m;nt“ ] } First, we add a GTS Structure ToolFolder
as a place for creating and saving the device:

0 Select tool QI [

This project is a working copy o Choose the tool you want to use:

Use the yellow tutorial folders (1

tons, as explained in the PDF documentation.
omewhere in the middle of the tutorial).

- 1. Press “Add tool”,

ToolFolders

¥

14

0

8

b3 ~ —— [ Structure|  Minimos. VsP VSHE Geant - ) ) o« ”

§ &1 Add s:‘ it i EETEE device cr ST e ey vinimos (V] vsP (V] Vision (V] Tutonalfolders-‘ 2. SeleCt Structure tO add a GTS

1| I T B ¢ u. Last modified Structure ToolFolder

0 E& 701  Structure 1 ﬂ (..) 2017-02-06 16:26:57 ‘, .

é T02  Minimos 4 Tutorial: nmos Ig=200nm, tox=3nm, transfer characteristic =0y [ = (...) 2017-02-06 16:26:57 3. Conﬁrm Wlth OK

§ TO3  Minimos - Tutorial: nmos lg=200nm, tox=3nm, output characteristic B IﬂjD (..) 2017-02-06 16:26:57 You Wl]_l now see the new GTS Structure
3 [ To4 structure & Tutorial: nmos Ig=90nm, tox=1.2nm =W [ = (..) 2017-02-06 16:26:57 i k

0 TOS  Minimos 4 Tutorial: nmos Ig=90nm, tox=1.2nm, transfer characteristic =0 =2 (.. 2017-02-06 16:26:57 TOOIFOlder: and the Flle menu Wlll Open

g TO6 Minimos % Tutoriak nmos Ig=90nm, tox=1.2nm, output characteristic =0 =0 () 2017-02-06 16:26:57 automatically, as shown on the next figure.
g

N 4 .

g According to the default settings, the

0 b

< v

U]

ToolFolders can be found in the folder .
“gts/project name/ToolFolder” in
the home directory.

Projects, ToolFolders, Device Simulation 8 [ ]



PART 1. NMOS TRANSISTOR

1.1 New Structure

0o (o) 1
] - Reload

& [

Project [E3)
MyGetting...

Structure

=] 002

&)

¥
14
0
2
W
b3
g
X
L
0
Z
9
'
=
-
0
0
a]
g
Q
=
N
<
)
0
Jd
U}
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MyGettingStarted/002 My NMOS, lg:ZSDnﬂmx:Snm — GTS Framework ) ()
Save >E] ‘ [ Device | Grids | Geometry | +
»
F_- 002 Structure. My NMOS, lg=200nm, tox=3nm
:‘% GTS Framework is managing your files in this ToolFolder. .
Tool state == ki i files in thi IFold 0.5 um
Use ToolFolders in your workflow to store variants and revisions. Manual
Create new Device
Open
Merge...
1 Reload
Save
Save as new ToolF,
Export...
I
Screenshot... Global TCAD solutions provides scalable device templates, ﬂ |
which you can use as sample devices.
Exit The templates contain variables which you can adjust
when creating the device.
Create device from template }

Alternatively, when running in framework-mode, you can re-use a device from another folder or

ToolFolder.

To do so, please choose File -> Open, and choose a device that you want to copy into this folder.

: This deletes segments, dopants, quantities of the work device.
Clear device 3 = . . .
Referenced devices will remain open for use in the new device.
Clear all This clears the work device and removes references to all additional devices
which you might have opened to copy data from.
Close menu
W Segments|...| [_] segmentbar
(V) Axes ()
V) colorbar |...)
V] Autoupdate
-1 0 e

1.1.1. Creating a New Device

o If you prefer, you can add some notes
on the device in the light-green header
of the file menu that just opened. You
can also do this any time later.

GTS Structure includes parameterized
templates for common devices.

We will now create a device based on such a
template:

1. If the File menu is not already open,
press “File” in the menu bar

2. Choose “New”

3. Press “Create device from template” to
open the list of available templates.




PART 1. NMOS TRANSISTOR 1.1 New Structure

0o (o) GettingStarted ((opy)/ugz j;TS Framework

C[_‘}_[I ® Reload save | [ B&] HJTemplates\Z\IDevice Grids | Geometry | +
L}

56 () Choose device template (ONORE) k
Template
Project [E3)

Please choose a template:

Gettingst...
Folder e Typ. length 2D/3D
Structure | structure v| \nMos v |250um v 20
S

= oo

«
©
€

1.1.2. Choosing a Template

There are templates for various device types
and technologies; the filters in the list
header help to quickly find the desired

Structure X V] Keep Info E o - ¥ template.
B2 002 R structure/nmos_0250um_2d_gateStack_ortho.ipd
' choose 1. Set the filters to: NMOS, 250um, 2D.
Variables 3
m GTS device template nmos_0250um_2d_hemt_GaAs.ipd 2' SeleCt the template Wlth the name
ame

NMOS 250um 2D
structure/nmos_0250um_2d_hemt_GaAs.ipd

nmos_0250um_2d_ortho.ipd
I 3. Confirm with “OK”

GTS device template nmos_0250um_2d_hemt_GaN.ipd
NMOS 250um 2D
structure/nmos_0250um_2d_hemt_GaN.ipd

Create

Segments

v

Ccancel = oc

| Segment

¥
14
0
2
W
b3
i
X
L
0
Z
9
'
=
-
0
0
a]
<
Q
=
N
<
)
0
<
U}
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PART 1. NMOS TRANSISTOR 1.1 New Structure

oo () GettingStarted - Global TCAD Sg!itions Framework o) ()0 1 1 3 C - -
S : .1.3. Creating Device |
C[_‘}_[I ® Reload Save o] JTemplates ® I Device | Grids | Geometry | + g
» »
Project | B || (mbie Now, the control panel at the left shows a
Gettingst... Ryl preview and the name of the chosen
Structure EE P .
- pime: 20 template in the top group.
lhome/--.Inmos_0250um_2d_orth® b .
T o doeetorae The Variables table below lists all
Variables customizable parameters of the template
( . .
Name | value | (we will use it later on).
) gatdeLer:\g't(h 250 nm
ideThi 5.00 . .
A Soircewelien. 1.0/30vgate.. To create the device structure with the
3 drainw:IILengtLh ig ; gg * g:::... 1
sourceSpacerL... . .0 * .
§ drainsPé’ce,Le... erseagme | i current parameter values:
g LZ::iLTfrkﬁfiie gg.oonnr:n 1. Click “C te device”
N numPointsX 60 . 1C reate device
numPointsY 30
0n
: The chosen template file
= ‘ nmos_0250um_2d_ortho.ipd can be ’
| = . o . . .
0 | Reset | verified in the highlighted area.
g Segments
.
E | Segment | Material
~
g
i}
Q
-
U]
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PART 1. NMOS TRANSISTOR 1.1 New Structure

S0 () Gettingstarted - Global TCAD Solutions k v~ X R R
P — . e e 1.1.4. Creating Device Il
3] File v Reload Save > JTempIates ® ] Device W Grids ] Geometry I + J
wYin : |
: emplatel . . .
Project @ S " Tonm e P Now, the device is being created and
ettngst.. ors2som 1N displayed in the work area on the

Structure G

[ oo

Dims.: 2D

“Templates” page.

/home/.../nmos_0250um_2d_ortho.ipd [
e — r_ I The Segments table at the bottom shows the

names and types of the segments in the

Variables
Name Value deVlce .
gateLength 250 nm

oxideThickness ~ 5.00 nm
sourceWellLen... 1.0/3.0 * gate...
drainWellLength 1.0/ 3.0 * gate...
sourceSpacerL.. 1.0/3.0 *gate...
drainSpacerLe... 1.0/3.0 * gate...
bulkThickness 300 nm
contactThickne... 50.0 nm

In device views in GTS Framework,
you can generally use the mouse as

¥
¥
0
2
!
3
E numPointsX 60 N
Y numpaintst 30 described below:
Z .
E ® Use the mouse wheel to zoom in / out
3 ©® Drag with right mouse button to pan
5 ( Create device | | Reset | ©® 3D: Drag with left button to rotate
Sl segments o Right-clicking opens the context menu
Q - [ 3.276+15 .
| Segment | Material |
: ® Source Conductor A S ZEERNE (more 0pt10nS)
< » Gate Conductor D -1.50e+17
) Drain Conductor -1.02e+18
D ® Oxide Si02 cmn”™-3
4 ® Semiconduc... Si A
0

Projects, ToolFolders, Device Simulation 12



PART 1. NMOS TRANSISTOR 1.1 New Structure

2D () Gettingstarted~olobalTCADSol;tionsFramewcrk ORORES
P — o ‘ 1.1.5. Template Parameters
® File v Reload Save &7 JTempIates ® ] Device W Grids ] Geometry I + J
wYin : |
- ) Template 3 1
e R S " Tonm e P We want to modify some of the device
Gettingst... ors2som 1N parameters of our NMOS FET. In the

Structure G
[=1 001

Dims.: 2D

Variables table, you can edit all values by

fhome/...nmos_0250um_2d_orthopd I ‘ double clicking on the respective fields
L Choose device template J St (press enter When done)

) Variables
Name Value For our device:
gateLength 200 nm
oxideThickne n

sourceWellLen... 1.0/3.0 *gate...
drainWellLength 1.0/ 3.0 * gate...
sourceSpacerL.. 1.0/3.0 *gate...
drainSpacerLe... 1.0/3.0 * gate...
bulkThickness 300 nm
contactThickne... 50.0 nm
numPointsX 60

numPointsY 30

1. Set gateLength to 200 nm

2. Set oxideThickness to 3 nm

3. Press “Create device” again
(this replaces the current device)

3

Create device | | Reset

You can press “Reset” to reload the ‘

default values from the template.

Segments

| Segment. | Material | -3.27e+15
® Source Conductor A -2.22e+16
» Gate Conductor -1.50e+17

Drain Conductor -1.02e+18
® Oxide Si02 cm”™-3
® Semiconduc... Si ¥

X
X
0
2
W
g
X
L
0
r4
9
'y
= |
-
u]
)]
Q
3
=
|
<
]
u]
|
U]
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Project [E3)
MyGetting...

Structure G
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o (o)
r| ] Filew | | Reload

MyGettingStarted/002 My NMOS, lg=200nmy'tox=3nm — GTS Framework

Save | | 3E] ‘ [Templates @T Device I Grids mm
2

P_- 002 Structure. NMOS, Ig=200nm, tox=3nm|
I;_‘-s GTS Framework is man ile i i der.
Use ToolFolders in your workflow to store variants and revisions.

1.1 New Structure

New == Current files:
Open s Setup (IPD):
Merge... I [H StructSetup [none] =]
Reload Input:
Save | Device [nonel =)
Save as new ToolF. Output:
Export... = Device [none] =
Screenshot... Lt DIz [gogel (8]
Exit
Close menu
| Segment | Material | ‘
® Source Conductor A
» Gate Conductor
Drain Conductor
® Oxide Si02
® Semiconduc... Si [v

-400 nm

14

1.1.6. Comments, User Manuals

For your convenience, it is recommended to
assign comments to your ToolFolders, if you
have not already done so. The comments are
shown in the ToolFolders list in the Project
Home and can be used to sort the list.

1. Press “File” in the menu bar.
Note the empty space in the
light-green header of the menu

2. Click and write your comment in the
designated area in the figure,
press Enter when done

For quick reference, clicking the PDF

icon at the top right corner of the File
menu always opens the user manual .
of the current tool (M in the figure).
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ob () 1 GettingStarted - Global TCAD Sumt\onsFrarrework Y (& .>va
|
r. w || | Filew | | Reload | | save | | &7 | JTempIates\ZlI Device T Grids | Geometry | +
-0 , N
- Template
project @ | i Tonm [250 nm 500 nm
Gettingst... Wi O
Typ.L.: 250um | |
Structure G Dims.: 2D
[ o1 |

/home/.../nmos_0250um_2d_ortho.ipd | | |

S o =
Choose device templa o Choose next tool Yo w

Choose the tool to use next:

Variables

@ = V| -

Name Value s W=
gateLength 200 nm | I;ﬁ
— - o

¥
g sourceWellLen... 1.0/3.0¢

drainWellLength  1.0/3.0 ¢
§ soulrceSpace?'L 0 ; 301 The results in this ToolFolder will be copied to the new ToolFolder,
W drainspacerLe 3'0 '~ | to be used as input for the new tool. 0 i
5 :::(tTath'll'(;:::e ggoon?w Create new ToolFolder

i ... 50.

E numPointsX 60 [_J copy settings from other Minimos ToolFolder

numPointsY 30

(U Update existing Minimos ToolFolder:

(U Duplicate this Toolfolder

4

|
Create device Rese!
Segments

oK | [ cancel

e+15

| Segment. | Material | )
® Source Conductor [x 2.22e+16
» Gate Conductor -1.50e+17
Drain Conductor -1.02e+18
® Oxide Si02 cm”™-3
® Semiconduc... Si [v

0
r4
9
=
=
<
u]
)]
a]
<
Q
=
|
<
Q
u]
|
U]
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1.2. Device Simulation

1.2.1.New Device Simulation

We want to get the transfer- and the output
characteristics of this device. Thus, we will
use Minimos-NT for the next step, adding a
Minimos-NT ToolFolder for storing the
simulation data. The “Next tool” function
provides a one-button approach for this:

1. Press the “Next tool” button in the
menu bar

2. Click “Yes” to confirm saving

3. In the following Next Tool dialog,
choose “Minimos”

4. Select “Create new ToolFolder”

5. Confirm with “OK”

Use the “Next tool” button whenever

you take a new step in your workflow,
either because you use another tool

or because you want to preserve your ‘
state of work before making changes.

If GTS Framework requests to save

the current data, confirm with “Yes”.
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in the Project Home.

Close menu

Submit Cancel
i (> Models

I = . ey R ¥

0o (g) GettingstartedAGlobalTC@? Soflltions Framework & @ Qy" 1 2 2 Ed. -
[ 2.2, iting Comments
r_@_‘, @ || [ Filew | [ Reload | [ save | [ &7 | H [Setup I Details T control | + 9
3= 2 ;
N -] Minimos, 002 nmos Ig=200nm, tox=3nm - transfer characteristics| ini -
project 3 o amaart ini - — = The newly created Minimos-NT ToolFolder
Gettingst... Us oI%Ider; in your workflow to store variants and revisions. Opens automatlcally. It automatlcal]y got a
Structure EE .
P New . ] ) comment based on our previous ToolFolder,
Current files: ) A .
Minmos B | | . ‘ but we like to edit the comment according to
&= 002 pen Main (IPD): s A
Reload | MmntSetup  Jhomel..ects/Gettingstarted/002/minimos.jpdm (. 2012-0808 09:57:28 | J J our project:
s S 1. Press “File” in the menu bar
v, Save as new ToolF. 1 Device /home/...cts/GettingStarted/002/minimos. devbz () 2012-08-08 09:57:27
il e outpu —l:'“’"d' Bl ® 2. Click and edit the comment where
i | Device [none] ) N o . .

§ Bt " B Sokeo [ = ﬂ indicated in the figure to describe the

g o simulation

L

0 3. Press enter when done

Z

9 V) output VI L)

= F The comments of each ToolFolder can

Ny . . .

o 4 also be edited in the Toolfolders list

Q

g

Q

=

o

g

1]

0

J

U}

Projects, ToolFolders, Device Simulation 16 [ ]




PART 1. NMOS TRANSISTOR

1.2 Device Simulation

E=X®)

@

GettingStarted - Global TCAD Sofftons ramework L L W

[Filev][Reload][Save][}E]

Project
Gettingst...

Structure  EE

[E

Minimos [

B 002
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(> Mode

¥ Device
=

@~ Simulator: Local

Run Stop

(D Simulator: Server

llocalhost [

Submit Cancel

Jsetup I Details I Control +
«
»

Solver options

-

Iteration scheme: | DD = Write quantities: [Flrst step \v] Grid: [slmulatlonGrId |_v.]
AC analysis

( (] enable
Transient analysis

[ () enable

)|

Device parameters
p

(] Initialize with input file

show: (Y] contacts (VY] semicond. [] oxides (] interf.

Sol

Voltage v Constant va... ¥
dels

ate

Drain \
l,d[VoItage 'v| |Constant va... ¥

)

17

1.2.3. Setting Up the Simulation

The “Setup” Page is preselected, and we can
specify our first simple simulation:

1. Locate the Gate segment in the Device
Parameters list, and press the button
“Models” to expand the model panel

2. In the contact group, set the contact
work function difference E, to a
typical value of —0.56 eV

3. Run the simulation by pressing “Run”
in the control panel
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1.2 Device Simulation

GettingStarted (copy)/003 This is my ﬁ;it_egmple NMOS — GTS Framey jork

[FiISV][Reload][Save][}g]

jSetupT Details I Control | +

(> Mode

v Device

Project

P

GettingSt...

Structure  EE

= oo

Minimos (&

[ 003

Solver Options

AC Analysis

(] pirect solver: 4 v core(s)

[ a Enabl:_e

q

Transient Analysis

[ D Enable

/)

% Simulator: Local
e

There might be unsaved changes in Minimos simulation setup
003 Minimos — This is my first example NMOS.

Do you want to save them now?

Run | Stop

L -

¥ Simulator: Server

( v

e

Cancel

-

Device nammmeuntngtsIPm]ectslGettlngstarted (copy)/003/m
¥ I? m setting:

itep v Grid: | simulationGrid =)

] semiconductors (] oxides [ ] interfaces
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1.2.4. Running the Simulation

GTS Framework requests to save the
ToolFolder if it is important for further steps:

1. Confirm the “Save settings?” dialog by
pressing “Yes”

Now the simulations starts, and the page
“Control” is automatically activated for
viewing the simulator log / progress.
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Autoscalexy | ... Repaiz
Oed [ (LDebug

) segments(...| [ Segmentbar

To display one quantity exclusively,

’ GettingStarted_I/002 nmos lg=200nm, tox=3nm - trjnsfer characteristics — GTS Framework v) (») (x 1 .2.5. Electron Concentration ’
@D @ || (Filew | [[Reload | [ save | | &7 | || setup Details]cantrol IDevice@ICurves@ + - |
— (%) Quick-Files " . .

. -100 nm |0 nm 100 nm |200 nm |300 nm [400 nm |5 “ ”
a1 [ psne——— | ! ! | | | | When the simulator has finished, the “Device
Gettingst.. || | minimos_out. devez JE o0 nm page appears. Switch to the “Device” page.
Structure EHXE @=D Mode
& oo [ g em—— We can now select the quantities to view
imos B | | O Lines U signed Log 0nm USing the table hlghllghted in the ﬁgure:

002 [J use Z axis —

o style 1. Filter the table by starting to type the
@S Tocls desired quantity name in the text field.

¥ ( . ”

: =S ) eobe J Ui ) 1100 nm We want “ElectronConcentration”.

1A Guantites | segments | petais ﬂ Note that the table refreshes while you

5 type to show the matching quantities.

L Attribute | Unit | \\/\V L.

Q| | oondanrotacurrent., Aoz WO 1-20D nm 2. One or more quantities can be

P ~ aeme i ' i

- (NS %%B displayed by selecting the respective

|| WorkFunction eV m]] ’

3 w Ly | checkboxes. Check

<

b =" . 1[-300 nm “ElectronConcentration”

Q

<

Q

=

~

g

]

0

<

[

Gaes [ 400 nm you can de-select all other quantities

B Colorbr (.. (even those invisible due to the filter)

e by double-clicking the respective
check box.

Projects, ToolFolders, Device Simulation - 19 ]




PART 1. NMOS TI avice

transF — GTS Framework ) (~) (x ntration I’

FD = || | Filev | | Reload | | Save | | 2] | | Setup } Details } Control [Dewce I Curves ® |T}
&t i . - /

@A -100 nm |0 nm 100 nm [200 nm [300 nm [400 nm |5 : . Lo
Project B 1| #mprg...arted/GettingStarted_1/002 | :!-00 ‘ | ‘ ‘ ‘ | ‘ To nlcely dlsplay the electron concentration:
GettingSt... | minimos_out.devbz vl i [LUU nm
strocture B8 1 By 1. In the Mode group, choose the

T Mode . . .
001 O] Surﬁ [¥/] Logarithmic (4] logarlthmlc view
Minimos  EIE () Lines [_J signed Log i .
o T 10 nm In the Device page, use the mouse wheel to

zoom, or right-drag to pan as described in
Section 1.1.4. Right-click for further options.

> ) Style

= Tools

|| ((weut | [ Prove | [ mage
ge |
e -100 nm
E J QuantitiesT Segments [ Details \
E ElectronCon
™ Attribute Unit v
" ElectronConcentration cm~3 (W '7200 nm
z
0
E
3
unl ~= ) Miscellaneous __300 nm
a Autoscalexy | .| Repaint |
B Do L Debug_|
= W SegmentsL.;l |_J Segmentbar 4.31e+08
- = 8.28e+08
ﬁ Baee o) |-400 nm 2.008+05
0 [ colorbar [..) s
| V] Autoupdate
L]
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& GettingStarted_| (copy)/002 [Copy of T02] nmos lg=200nm, tox=3nmytransfer characteristic — GTS Framework

| File w J[mau || save || &9 |

Setup I Details I Control [Device (] | Curves [¥ I + I

[E3]
n¥in|
Project [E5]

[ cettingstart.

Stucture @63
001
Minimos {22 e}
002

FRAMEWORK

(U]
r4
9
=
a]
Iy
0
)]
2
2
4
<
o
[u]
o
(G}

(¥ _J Quick-Files

=) Mode
(®) Surface ] Logarithmic [#]
() Lines (] signed Log
[ Use Z axis
= _J Style
=) Tools
| _1ocut | | Probe || Image |
[ cwantit sgments | Details
Q||
| Segment Material || E
@ Source Conductor VU™
o Gate Conductor WL
Drain Conductor WU
® Oxide sio2 VU
@ Semiconduclor Si [
@ Bulk Conductor WL
~ ¥ ) Miscellaneous |
AutoscaleXy | | .| |_Repaint |
[ Grid Debug |
] Segmentsgj (] segmentbar
(V] Axes CI

(V] Colorbar QJ
(] Autoupdate

\ T

(50 nm

#50 N0 nm |50 nm| 100 nm150 nh200 nh250 N300 Nrh350 NM400 nM450

2.005#1 1]
4.31e+08
"{:BEHJE
2.00e+05
cm*-3
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ntration Il

For more specific display settings:
1. Switch to Segments.

The four checkboxes control the visible
components for each segment:

= Quantity
H Simulation grid
[ Filled boundary (volume)

[0 Wireframe (lines)

You can always re-run a simulation with
modified settings (the settings as well as the
result files are overwritten, as long as you
keep working in the same ToolFolder).

This is what we will do now:

2. Switch back to the “Setup” page
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= Gottngstarted-GobdTCADSolionsramewerk S . .
S — - @ semsranenrt M 1.2.8. Setting Gate Bias
@ [ File v ] [ Reload ] [ Save ] [ 2] ] ‘jSetupT Details I Device [Zl]’ Control T Curves + I
(> Mode f . I 3 A
Project o beviee i Soluer oprlons l, We are now going to set the transistor to
. IS - eration scheme: = i ities: |First ste| 2 Grid: | simulati id . .
Gettingstos N H Iterat DD Write quantities: |First step v |simulationGrid | on-state and re-run the simulation:
Structure  EE . AC analysis
& oo [ L] enable j 1. Enter a Gate voltage of 2.0 V
Minimos SSiElkd Transient analysis “ .
& o0z [ 5 . ] 2. Press “Run” in the control panel and
s J confirm to save
Device parameters . . .
(] Initialize with input file show: (Y] contacts (Y] semicond. (] oxides [] interf. When the Slmulatlon has ﬁnIShed’ the
% “Device” page will be shown automatically.

% Simulator: Local

Run | Stop

¥ Simulator: Server

/localhost 53]
[ ]

Submit | Cancel

Drii|_|__
l-*[VaItage | Constant va... v| v

22 e
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_
¢ -

GettingStarted 1/002 nmos lg=200nm, tox=3nm - transfer characteristics — GTS Framework: v) (») (x

| File w | | Reload | LEJ [ &3

Setup | Details I Control I Device X I Curves ® I Cuts® | +
“

v ick-Fil
Quicklles [-100 nm [0 nm [100 nm [200 nm [300nm [400 nm |5
Project ® | | tmp/q...arted/GettingStarted /002
GettingSt... {minimos_out.devbz vﬂg . /[100 nm
Structure EX @D Mode
LB | .
= o1 (®) Surface (V) Logarithmic I
Minimos [ O Lines (] signed Log
002 [J use Z axis 0 nm
w ) Style
¥ Tools Cuts 1D 3 )
§ 1 Dcut | | Probe || mage | CutslD
Q ] ) Enable  [¥] Show Cuts-Page
E [ Quantities | Segments | Details | are
n £
3 ) I
é Add
L Attribute | Unit: |4 ’
BoundaryTotalCurrent... A/cm~2 [t1](] 4 r O xads - ey um
0 BoundaryElectronCurre... A/lem”~2 [t (] Il
z ~ cutl
BoundaryHoleCurrentD... A/cm~2 (4[]
9 DisplacementField e/cm~2 1)) Se+20
|| WorkFunction Y% QU 7e+19
| | ContactVoltage v [ P Se+17
<
|| @0 Miscellaneous _‘- S5e+15
U | | — | - 1.37e+14
. Autoscaleny’| () Repaint e 8 V) [v-Axis ) x= 0.233333] um e
3| Oond - Debug cut2 (] 6.350+10
= (¥) segments(...] [ Segmentbar L.376+09
< - .95e+07
Ax -
;] (2 e L:J — 6.35e+05
Q ) colorbar |...) em~a
a V] Autoupdate — sl
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1.2.9. One-Dimensional Cut |

After the simulation is done, the “Device”
page shows the result.

To investigate the electron concentration, we
want to create a one-dimensional cut.

1. Press “Cuts1D” in the control panel to
show the Cuts list.
Here, you can manage all cuts for the
current device

2. The Cuts list has two default entries,
for X and Y respectively. Enable the
one with Y-Axis.

Note the orange line in the device view,
indicating the location of the cut

3. Close the Cuts list window.
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oo () Gettingstarted-GlobaleLD S(ﬁtions Framework & @ 5;

= [?vj [ﬁoad J | save | il | [ Setup I Details T Device @ I Control I Curves @ I Cuts ® m

Files (data sources)

Project [E3) cut2 °®
[ Gettingst... [ | i 1 S

1.2.10. One-Dimensional Cut II

Note the new “Cuts” page in the work area.

1. Switch to the “Cuts” page.

Structure  EE
B3 oo1 Attribute | Unit |* |of
1

idx 2

X

Minimos (& um 1

Below the name of the cut, the control panel

002 z um Display Setti
DSFIBCETBERRIN ST 20 iy ot st B shows all quantities you can choose to
Apply to all files . . .

Totaiconiactcur.. A Vory over al fles display by selecting the respective check
v ContactCharge C . . . . .
: BoundanfTtalc.. A ) calciatetattrioutE boxes. Similar to the 2D device view, there is

d 1 Load calculated attributes file

| Soinimeec A 1 ; a filter text box above the table. Each table
s Lattice_Temperat,.. K - " .

Potential v 1 row has a context menu, accessible by
é Per'rtv:it;ivitty - xacuum... i . 1 B h .

Bui otential =
Qe A" right-clicking the respective row.
(0] ElectricField-y Viem 1

ElectricField Vi 1 . .
& lel;:::fli:ctell,z\t_er‘tfau. ;ﬁﬁm qu g 2. Verify that the “y” Attribute has been
-~ nterfacePoint ro 3
S| | @ same factors » for ai fies set as X axis (abscissa) automatically.
| . -
8 e e (In cases where you need to set this
: Blodiangalescale manually, you can right-click on the
| | togerthme Ox O = desired quantity and choose “Set as X

(V] Autoscale Loy
2 ; axis” from the context menu (3).)
EDQ ) Nothing to display (please select item(s) for the ¥ axis).
] W
U]

e To check/uncheck all filtered

quantities, click on the table header ‘
above the chck boxes.
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[ File v | [ﬁoad | | save |

B

Setup

3t ingStarted (copy)/003 This is my first exaTnple NMOS — GTS Framework
I Details I Control I Device (@ I Curves X I Cuts @ | +

1.2 Device Simulation

Project [E3)

Files (data sources)
e

Minimos (&
003

¥
13
0
2
W
3
g
14
L
0
Z
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=
3
o
Q
0
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Q
=
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<
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cut2 °o =
Gettingst... [ | |
Structure EE electronco

= oot Attribute | Unit

Calculate Attribute

[* [of

Function Functional

(V] same factors (*) for all files
(V] same XY selection for all files

Plot Range & Scale )

£
Logarithmic: [ Y

V] Autoscale

@)

X: -0.350 | ..

0.0500

Y: 1.00 ..

1.00e+21

ElectronConcentration [cm™-3]

le+20

le+l5

le+l0

le+05

le+00

——— ElectronConcentration [cm™-3] ‘

-0.30 -0.25 -0.20 -0.15

y [um]

Graph | Table
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1.2.11. One-Dimensional Cut Il

Now we can select a quantity for the
ordinate (Y axis) of our plot:

1. Search for “ElectronConcentration” in
the attributes list (type it into the filter
field) and check the respective box

2. For the Y axis, choose logarithmic scale

3. Right-click on the legend box to choose
a nice location (“Left, Top”)

Since no quantum correction model is active,
the maximum of the electron concentration
is reached directly at the oxide interface.

® Use the scroll wheel to zoom in / out
Left-click to show coordinates

Drag with left mouse button to zoom in
Drag with right mouse button to pan
Right-click for the context menu

In 1D plots, you can generally use the
mouse as described below:

3. To set up further simulations switch
back to the “Setup” page
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GettingSt...
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(> Mode

v Device

P

% Simulator: Local

Run Stop

¥ Simulator: Server

/localhost 53]

Submit

Cancel

Solver options

Iteration scheme: |DD =

AC analysis

| O enbie )

Transient analysis

e h

Write quantities: [First step ﬂ Grid: @nulationGrid |.v.]

Device parameters
==

show: (Y] contacts (Y] semicond. (] oxides [] interf.

(] Initialize with input file

1.3. Transfer Characteristics

1.3.1./Simulation Setup

Finally we want to simulate the transfer
characteristics of our 200nm NMOS:

1. In the segments list, locate the Gate
panel, and select “step” instead of
“Constant value” for the voltage (V)

2. Define the stepping range from —2.0V
to +2.0V with a step size of 0.2V.

3. Locate the Drain contact and set its
voltage to 2.0V

4. Run the simulation
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Graph | Table

1.3.2. Plot Transfer Characteristics

When the simulation is done we want to plot
the transfer characteristics:

1. Switch to the “Curves” page

2. If the “Table” view is shown, switch to
the “Graph” view using the bottom tabs

3. Select the drain current IDrain

4. Choose a logarithmic scale for the Y
axis

The plot shows the transfer characteristics.
You can right-click the legend to place it at a
more convenient location.

In the next step, we will continue with the
output characteristics. In order to preserve
the transfer characteristics we have just
plotted, we will create a new ToolFolder for
the next simulation:

5. To enable the “Next tool” button,
switch back to the “Setup” page
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The results in this ToolFolder will be copied to the new ToolFolder,
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() Create new ToclFolder
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3
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Submit Cancel

) Update existing Minimos ToolFolder:

Cancel

vV L. [V output v/

show: (V] contacts (V] semicond. [ ] oxides (] interf.
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1.4. Output Characteristics

1.4.1./Duplicate Toolfolder

We want to copy the current simulation to
use it as a template for the simulation of the
output characteristics:

1. Press the “Next tool” button
2. Select “Duplicate this ToolFolder”
3. Confirm with “OK”

Note that GTS Framework creates a new
ToolFolder and automatically opens it. We
can instantly continue with our work in the
new Toolfolder.
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GettingStarted - Global TCAD Sﬁions Framework v D | U0 1.4 2 E -
L. L. it mment
Reload [ Save ] > ‘ [SetupT Details I Control I Device T Curves ® | + d Co €
)

56 Q)

Project  ® Before we continue, lets set an appropriate
Gettingst...

comment for the new ToolFolder for later
Structure EE

B8 ooz New > current files: ] reference:

Grid: | simulationGrid ¥

e | R 1. Press “File” in the menu bar
- Reload 4 MmntSetup  /home/...ects/GettingStarted/003/minimos.ipdm =] 2012-08-0810:29:18 X 3
”E"I‘""“ B | ... ot o — 2. Click and edit the comment as you feel
003 ‘ .
Save as new ToolF. Wqﬁce /homel...cts/GettingStarted/003/minimos. devbz approprlate, preSS enter When done
Export. outptd icond. ] oxides [_] interf.

Exit m [ Device lhomel...Gettlngstarted/ooslmlnlmos_mw (L) 2012-08-08 10:29:18 %
4 PointCloud /homel...slGettingStsrteleOSlminimos_.m_mcrv

() 2012-08-08 10:29:18
V] out NG

Close menu

Submit Cancel
>

S
D ——
|y gresrewammw. o ¥

¥ output vl (J
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EO)

GettingStarted - Global TC@ Sﬁions Framework :

]

[Fi|ev][ﬁeload][save][f-.'|§]

jSetupT Details I Control I Device I Curves & | +

L eI

@

Project
GettingSt...

Structure  EE

= oo

Minimos &
[ o002
Minimos (&
[ 003

(> Mode

v Device
p

% Simulator: Local
=

[ ]

Run Stop
|| @™ simulator: Server
-
/localhost 53]
[ ]
Submit Cancel

Solver options

Iteration scheme: |DD v

AC analysis

Write quantities: |First step Iv)

{ (] enable

Transient analysis

Grid: [simulationGrid jv]

[ (] enable

Device parameters
e

(] Initialize with input file

shov

Constant va...

So
Voltage v
dels

Drain

I | Voltage v !Constant va.. |

Stepping options

(® Linear steps
(. Logarithmic steps
Priority:

Slot: default B

W

les (] interf.
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1.4.3. Setup Gate Voltage

For obtaining the output characteristics, we
use two nested steppings for V, and Vg,
respectively. The nesting order is defined by
the respective stepping priorities.

First we want to set up the stepping for the
gate voltage (V;):

1. Locate the Gate panel and make sure
“step” is selected for the voltage

2. Define the stepping from 0.0V to
+2.0V with a step size of 0.5 V.

3. Press the “...” button to open the
“Stepping Options” dialog

4. Choose priority “1 (outmost loop)”
5. Confirm with “OK”
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GettingStarted - Global TcaD Sg!itions Framework

«©
©
%

[m Reload | [EJ [ =

e "

JSetup I Details T Control I Device (@ I Curves & | +
<

(> Mode

Project ® v Device

-

Gettingst...

Structure GBI

[ 001
Minimos ~ EE
002
Minimos &
[ 003

=D Simulator: Local

— J

Run Stop

¥ Simulator: Server
—

localhost ILJ

Submit Cancel

¥
14
0
2
W
b3
g
X
L
0
Z
9
'
=
-
0
0
a]
<
Q
=
N
<
)
0
Jd
U}

Solver options

| tteration scheme: [DD v, Write quantities: | First step v|  Grid: |simulationGrid  ¥|

i ’ AC analysis
] enable ﬁ
Transient analysis
(] enable J J

Device parameters

(] nitialize with input file show: (Y] contacts (V] semicond. [_] oxides [ ] interf.
[T &= Models A
Gate n

) [ o0]..[ 201 v step:[ 05|v () I outpurvi CJ

|Voltage | v| | step

%) Models
Thermal Contact
([ set: Type: | Ohmic |
T= 3000 K Rth= 0.0 Kem~2W Ew= | -0.56 eV R= 0.0 Chm

1 2 3 4
Drain
\ |voltage |v| " |step i 00 20]1 v step: 02| VI(.) W outputva L)

_w _J Models

Bulk
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() Logarithmic steps
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1.4.4. Setup Drain Voltage

Second, we want to set up the stepping for
the drain voltage (V). The Priority for the
drain contact has to be higher than the
Priority for the gate contact:

1. Locate the Drain panel and select
“step” for the voltage

2. Define the stepping from 0.0V to
+2.0V with a step size of 0.2V.

3. Press the “...” button to open the
“Stepping Options” menu

4. Choose priority “5 (innermost loop)”

5. Confirm with “OK”

Be sure to specify different stepping
priorities. Two steppings with the
same priority (or “Default”) produce
undefined results.

Start the simulation:

6. Click “Run”




PART 1. NMOS TRANSISTOR

1.4 Output Characteristics

oo ()

& C
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Project [E3)
Gettingst...

Structure  EE
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Minimos &
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| Filew | | Reload | | save | @&l [ Setup I Details T Control I Device @ I Curves ® | +
<
Files (data sources) K
T T T T T T T T T
] minimos_out.crv ®® ] 0.0005 = 2.0 7
.. -
i -
Param.: Gate [V]
——— IDrain [A]
Attribute | Unit | * |o]
Gate v 1
Drain \% 1 0.0004 —
VSource " 1
ISource A 1
VGate A 2 1
IGate A 1
\Drain A Display Settings...
VBulk v Apply to this attribute >
1Bulk A 4 1 Apply to all files > -
Vary over all files 1.5
Use as parameter /'/_/
3 Add calculated attribute...
Load calculated attributes file
Select all a
(V] same factors (*) for all files
. = 0.0001 — 1.0 N
(] same X/¥ selection for all files :
Plot Range & Scale
Logarithmic: [ X [V CJ
0.8
) Autoscale VT 1 1 I 1 1 L I L
% 0.00 M =00 o 0.25 0.50 0.75 1.00 1.75 1.50 1.75 2.00
VDrain [v]
i 0.00 .. 0.000500

Graph | Table

1.4.5. Output Characteristics Plot

Now we can investigate the output
characteristics of the 200nm NMOS FET:

1. Switch to the “Curves” page

2. Right-click the Drain voltage to show
the context menu

3. Choose “Set as X axis”

4. Select the drain current IDrain to be
plotted on the Y axis

We have plotted the output characteristics.
To navigate in the plot, use the mouse as
described in Section 1.2.11.

® You can save the plot as a PNG image
by selecting “File”-“Screenshot” from
the menu.

You can always go to the Project
Home and open one of the Tutorial
ToolFolders to compare with the
supplied results, or re-use the
supplied data for your simulations by
pressing the “Next tool” button.




Scaled sistor (90 nn

In this example, we will modify parameters such as the gate length of the
NMOS FET from example 1. We will simulate the resulting 90nm NMOS FET
to demonstrate different ways of setting up simulations in GTS Framework.

Like in the previous example, the transfer and output characteristics are
calculated, by taking advantage of ToolFolders in the Project Home.
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PART 2. SCALED TRANSISTOR (90 NM) 2.1 Deyice Generation

5o () Gettingstarted((upylhf G;Framework VRS 2‘,"

® Local project: Save proj
project Close project
-_,1 GettingStarted (copy) L : :

Project 2 (=) Details " Description =0 Information 2_1.1_ Creating a New Device

Gettingst...

2.1. Device Generation

Basic handling of GTS Framework.

First, an nMOS transistor is created using a device template in GTS Structure. In the device simulation, a
single bias point, transfer characteristics, and output characteristics are calculated using static device
analysis.

Now we want to simulate the transfer and
output characteristics of a 90nm NMOS FET.

( : '@v.ewdoc;mlen: ] J First, we create a GTS Structure ToolFolder
: for the device:

This project is a working copy of a tutorial. Create your own ToolFolders by pressing the Add Tool or NextTool buttons, as explained in the PDF documentation.
Use the yellow tutorial folders (Txx) as reference to compare your results (or as templates, if you want to start somewhere in the middle of the tutorial).

1. Go back to the Project home
. ToolFolders
#] Add tool ] [ &1 Add script J [ Import Tool J show: (/] Structure (V] Minimos (/] vsP (V] Vision (] Tutorial folders 2- PreSS ”-Add tOO]-"
WM 8 commen: N HeRty eI N o 1 3. Select GTS Structure
[ 001 Structure # MvAMNS avamnla I = () 2017-02-07 10:02:18

SAIG) Select tool | o) é_®

Choose the tool you want to use:

She] () 2017020 17:28:00 4. Confirm with “OK”
R =0 () 2017-02-06 17:53:37

002 Minimos &

003 Minimos =~ %
(Instead of 3. and 4., you can also just

double-click the desired tool.)

e [%

Minimos VSP VSHE Geant Vision

Multi-dimensional device creator and editor (GTS)

© In the new Structure ToolFolder, the
- File menu opens automatically so that

you can add some notes, if you prefer.

[« ¥
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oo ()

e "

GettingStarted (mpy)/ugz j;TS Framework

Project [E3)
Gettingst...

Structure  EE

= oo

Structure G

[&] 002

¥
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Template

V] Keep Info
filepath

‘ Choose
|
Variables

Name

OXS)
Reload Save > ‘ U Templates \Z\T Device | Grids | Geometry | +
< 4
RO Choose device template OID ) k
Please choose a template:
Folder e Typ. length 2D/3D
| structure v| |nMos v [250um ) |20
S
structure/nmos_0250um_2d_gateStack_ortho.ipd
GTS device template nmos_0250um_2d_hemt_GaAs.ipd
NMOS 250um 2D
structure/nmos_0250um_2d_hemt_GaAs.ipd

Create

Segments

| Segment

&)

GTS device template nmos_0250um_2d_hemt_GaN.ipd
NMOS 250um 2D
structure/nmos_0250um_2d_hemt_GaN.ipd

v

Ccancel = oc

_J
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2.1.2. Choosing a Template

We use the same device template as in
Section 1.1.1 - therefore, choose “Create
device from template” in the File-New menu,
and select the template as follows:

1. Set the filters to: NMOS, 250um, 2D.

2. Select the template with the name
nmos_0250um_2d_ortho.ipd

3. Confirm with “OK”
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o (o) GettingStarted - Glob: lTCADSo(ti Fi k Y & x e
| H?Q M) @) ||| R 1 . T%"s mwmf 2.1.3. Editing Template Parameters
= ile v eloa ave = Templates (X) | Device | Grids | Geometry | +
w YN : :
Template : .
Project B | o - - 1| We will now set different values for the gate
. T  |I-100 nm 0 nm T100 nm 200 nm [300n : :
B ‘ length and the oxide thickness:

Structure BB Dims.: 2D !
|
|

& oot Lo 1. Enter a gateLength value of 90 nm

/home/.../nmos_0250um_2d_ortho.ipd

Minimos &
B 002 (SN {55l e e el ) 2. And an oxideThickness value of 1.2nm
Minimos & Variables . ), . ”
003 — - 1 3. Click “Create device
|
Structure @R gateLength 90 nm : 100 j
= = nm “ ” 3
[ i Thickn s T:anm o =1 el 4. Click “Save” to save the device
[& ooa sourceWellLen... 1.0/3.0 * gate... d=
§ drainWellLength 1.0/ 3.0 * gate...
sourceSpacerL... 1.0/3.0 * gate... |
u drainSpacerLe... 1.0/3.0 * gate... i
> bulkThickness 300 nm
g contactThickne... 50.0 nm
E numPointsX 60
numPointsY 30
2 -200 nm
0 2.00e+20
y 3 2.95e+19
=] 4.35e+18
E" *7 ——= 6.430+17
0 Create device Reset 0.486+16
1.40e+16
g SEgments 2.07e+15
0 | Segment | Material | |-300 nm -3.28e+15
B
-2.22e+16
J4 ® Source Conductor [
< » Gate Conductor -1.51e+17
) Drain Conductor -1.02e+18
0 ® Oxide Sio2 cm~-3
4 ® Semiconduc... Si [v
U]
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oo () GettingStarted (copy)—GIE Framework SOt = -y =
p— " 2.1.4. Project Home / Editing
® Local project: ( ; =f
Ay ' Save project J [ [ Close project J

@ GettingStarted (copy) Comments

Projecy % Details %™ Description = Information

(58] GettingSt'.. . sy . .

el Basic handiing of GTS Framework. Many functionalities are accessible in the

Structure HE First, an nMOS transistor is created using a device template in GTS Structure. In the device simulation, a

single bias point, transfer characteristics, and output characteristics are calculated using static device
[ 004 analysis.

Project Home as well, which is handy if you
want to use older ToolFolders that are not
open at the moment. To illustrate this, we
will do the next steps in the Project Home.

===

This project is a working copy of a tutorial. Create your own ToolFolders by pressing the Add Tool or NextTool buttons, as explained in the PDF documentation.

Use the yellow tutorial folders (Txx) as reference to compare your results (or as templates, if you want to start somewhere in the middle of the tutorial). FirSt, we can ed].t the Comments Of
S ToolFolders:
[ #] Add tool j | EIAdd script | | Import Tool | show: (V] Structure (Y] Minimos (Y] vsP (V] Vision (] Tutorial folders 1 i SW].tCh back t() the "PI‘O_]eCt home"
1 D Tool # Comments =0y 3 =3 S Last modified
2] 001 structure ¥ My NMOS example W [ = () 2017-02-07 10:02:18 p 2 3 R].ght C].].Ck the new GTS Structure
002 Minimos & This is my first example NMOS =0y [ =2 (..) 2017-02-06 17:28:00 Too]Folder
003 Minim % [Copy of 002] This is my first example NMOS =0y [ =2 () 2017-02-06 17:53:37
[ 004 structure \caled transistor

W 3=

ClaoTyoalor o aee 3. Choose “Edit comments” from the
context menu

Edit comments
Delete
0s

4. Type a comment you feel appropriate
for the ToolFolder (e.g. "Scaled
transistor")
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5. Press Enter when done

The “Next tool” button is available in the
Project Home as well. We will use it here in
the next step, with an additional option.
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5o () Gettingstarted-GlobalT(‘ALD Sg!itions Framework S o & - -
| 2.2. Transfer Characteristics
@ ® Local project: L Save project J [ [ Close project
— GettingStarted
i::mgst.? Sy s Desaintion 2.2.1..Copying Simulation Settings
Structure EE
= oo GTS Framework offers a convenient way to
e use the same simulation settings for multiple
pow—— o0 devices. Here, we will re-use the previously
003 [ 3addtool | show: [ Structure /) Minimos (/] V&P (Y] Vision created transfer characteristics setup for the
;—,ucture =[] b Tool @aComments =0 W= S Last modified modified device:
004 N BE 001 Structure # nmos Ig=200nm, tox=3nm *m =D () 2012-08-09 08:21:59
W 002  Minimos 4 nmos lg=200nm, tox=3nm - transfer characteristics =0y [& =2 () 2012-08-08 10:23:48 i 1 . Pl"eSS the NeXt tOOl button Of the new
5( 003 Minimos % nmos lg=200nm, tox=3nm - output characteristics SR 1 () 2012-08-08 10:40:47 GTS Structure ToolFolder (90nm)
E m 004 Structure ¥ nmos Ig=90nm, tox=1.2nm I @ —» () 2012-08-09 08:22:06 .
0 =0 = i ol o n & 2. In the Choose next tool dialog, select
S Choose the tool to use next: "MinimOS"
g
3 '
2 3. Select “Create new ToolFolder
0 .
Q 4. Check “Copy settings from other
§ T e e ae iput Tor the SRR EE U S Minimos ToolFolder”
4 3 w Create new ToolFolder
é 4 -] Copy settings from other Minimos ToolFolder 5. Choose the ToolFolder where we
9 7 [ 002 nmeslg=200nm, toxe3nm - iranste characeritics v previously created the transfer
U] 003 nmos lg=200nm, tox=3nm - output characteristics . . .
characteristics (notice comments)
6. Confirm with OK
(U Update existing Minimos ToolFolder:
O Duplicate this ToolFglde GTS Framework creates a new Minimos
g&[E ToolFolder, containing the 90nm device for

input and the setup from the previous
transfer characteristics simulation.
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«
©
€

0o (g) l . GettingStarted - GlobalTCQD Soitmns Framework

2.2.2. Editing Comments, Run

@ ® || [ Flew | [ Reload | | save | [ 2&7 | H [Setup I Details T control | +

— »
" Minimos, 005 nmos Ig=90nm, tox=1.2nm - transfer characteristics [ = :

project  ® i 2= e The new ToolFolder opens automatically.

Gettingst... Use ToolFolders in your workflow to store variants and revisions. e MJ Let's aSSIQI‘I a Comment ﬁrSt'

Structure  EE —

[ 01 New "= Current files: I 1. Press “File” in the menu bar

Minimos & open . i (TS . L

002 o _ o ) 2. Click on the comment to edit it,

- Reload [} MmntSetup /home/...ects/GettingStarted/005/minimos.ipdm (..) 2012-08-09 08:33:37 J i X

'f@mms ol | o, J finish by pressing the Enter key, and
003 : s 1s . .

stroctore @8 Save as new ToolF. ¥ Device Jhomel...cts/GettingStarted/00S/minimos.devbz  (..J 2012-08-09 08:33:37 close the menu (by Chckmg outside it

B 0o Bxport.. outpu —E’“’""' DAy or choose “Close menu”)

Minimos & Exit B Device [none] < A

B3 oo ‘ 7 [3 PointCloud  {nonel = . i Check the settings in the “Setup” page: All

values have been copied from the previous
simulation. So we can run the simulation

L . without changing anything.

©® Run the simulation by clicking the
“Run” button, and confirm to save

Close menu

N
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s p— ‘ MlourpiR ® When the simulation is done, switch to
\ (_w _J Models the ”CU.TVGS" page
Bulk
s pr— = — - — ¥
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oo () GettingStarted - Global T Solutions Framework % & 2‘; - -
p— S e - 2.2.3. Transfer Characteristics Plot
C[_‘}_[I ® File v Reload | | save | @i [ Setup I Details T Device @ I Control T Curves @ | +
— = Files (data sources) K I I I = = b
s
project 8 | | [ oivimes outer o8 Lesol- - In the Control panel of the Curves page, we
u‘;u‘:s;@ ' adjust the plot settings according to our
B8 001 Attribute | unit * [of needs:
- Gate A\ 1
S v S iH 1 o5 7 1. Set the gate voltage VGate as X axis
VGate v 1 . . . .
vnmos @@ || | 'S5te - . using its right-click context menu
& 0o IR " 2 (leaving Gate would also be ok, but
(=] 1Bulk A L g . .
;“::’e ! o leos N VGate is nicer in the plot)
Mnime | 2. Check the drain current IDrain
005 s I
E Lo-col i 3. Set the plotting scale for the Y axis to
0 logarithmic
V4
Q
= -
| V] same factors (*) for all files
= ‘ (] same X/¥ selection for all files ey ]
u]
0
Q Plot Range i Scale i3
§ Logarithmic: X Y O
4 V) Autoscale le-151— | | | | | ]
é X: 2,00 .. 2.00 -2 -1 e 1 2
] VGate [V]
d ‘ W 1.00e-15 .. 1.00
U] Graph | Table
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GettingStarted - Global TcaD Sgﬁtions Framework

«©
D
%

ol &/ - -
p— — 2.2.4. Display Settings
@ ® [ File v | | Reload | | save | @i [ Setup I Details T Device ® I Control ]’ Curves ® | + p y g
— Files (data sources) K : : I l ' »
project @ || | Coimmen s o5 Lol i Further we can change the style of the
GettingSt... = | . curves:
Structure  EE
= 001 R 1. Right click on the drain current
Minimos ~ EE VSource 4 IH le-03 . .
o0s Source A ! quantity IDrain
-~ 1Gat A 1 e~ . , -
""“ 88 || voran 1 2. Choose “Display Settings...” in the
003
VBulk v Display Settings... context menu
Structure  EIEI BU A 2 Apply to this attribute >
E Apply to all fil > g . .
T Vary over i fles 4 Explore various options to modify symbols,
inimos " N
& oos Pyl . - i line styles and colors. (Click “Apply” to leave
3 Load calculated attributes file . . .
¥ T the dialog open while testing.)
0
) .
5 You can apply the same color/line
= e This edits the style properties of all currently selected curves. .
3 (V) same factors (¥) for all files | Only the properties that you actually touch (bold) will be updated. i style to more than one curve, if you
d . " i - 8 0.0
B (| O semexssectonforalfes LS e ' select multiple quantities before
08 wrm—r Os . .
B)| PlotRange & Scale : o—o—0—0- e —— invoking the context menu (use the
S Pt e [ xR @ O3 wm~~— O Triangle L~y Shf C 1 k f 1 . 1 a
F o L 02 e Ocrde  O—p— | ift or Ctrl keys for multi-selection).
:(‘ “ ~oo] . 208 —I—_z @1 (® none e ;
g Qo (noline)
| Y: 1.00e-15 .. 1.00 [¥] Col = LineCol — |
L m | | color Color I}
1
| AutoColor! [_] apply to all matching data sources
| cancel || apply | [ oK ]
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5o () Cettingstarted-GlobaquhD Sgﬁtions Framework S o & = -

= 2.3. Output Characteristics

Local project: t Save project J [ [ Close project ]
@ 1 GettingStarted
= - ;
o g | 2 Dot S pesarption 2.3.1./Duplicate Toolfolder
Structure  EE ‘
= oo i There is yet another possibility to run the
gy = same simulation setup on different devices,
p— o based on duplicating an existing simulation.
003 (BESladdtoole ini i . . .
— ( Eaddtool | o> e R " We will use this method now, first creating a
[ b Tool @oc t =0 W= S Last modified A ..
B 00s = LT : o N duplicate of a Minimos ToolFolder and then
— BE 001 Structure # nmos Ig=200nm, tox=3nm *m = () 2012-08-09 08:21:59 ) . . .

'::: e 002 Minimos  # nmos Ig=200nm, tox=3nm - transfer characteristics =0y Iﬁ" () 2012-08-08 10:23:48 i exchangmg the device in the duphcate:

3 003 Minimos % nmos Ig=200nm, tox=3nm - output characteristics =0 IE () 2012-08-08 10:40:47 1. Switch back to the "PI‘OjGCt home”

L BZ 004 Structure # nmos Ig=90nm, tox=1.2nm *m RN=D [ = () 2012-08-09 08:32:50

szl 005 Minimos % nmos Ig=90nm, tox=1.2nm - transfer characteristics =0y =0 (&) 2012-08-09 08:36:50 2. In the liSt, locate the ToolFolder where

2 2 e Yo we previously generated the output

3 Choose the tool to use next: . A A "

- = 5 characteristics, and press its “Next

| XL K

Q

< Structure WEEET sion .

g N - - : 3. In the Next tool dialog, select

The results in this ToolFolder will be copied to the new ToolFolder, p N 4

] to be used as input for the new tool. 'Duphcate this ToolFolder”

é () Create new ToolFolder

5 Copy settings from other Minimos ToolFolder: ;’ 4. Conﬁrm Wlth "OK"

U}

(U Update existing Minimos ToolFolder: |

3 {®) Duplicate this ToolFolder
M Cancel
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5o () GettingStarted - Global TCAD Sg!itions Framework OFDREY
@ ® - Local project: L Save project A] [ [ Close project
— [I=) GettingStarted
Project [E3)

(= Details ¥ Description

Gettingst.:

Structure  EE 1

[&1 001
Minimos &

002
Minimos @& ToolFolders
_ BE— 1
&l 003 [ ] Add tool j show: (V] Structure [¥] Minimos (V] VSP (V] Vision
Structure R
= 1D Tool # Comments =0y 3 =2 ENoN| Last modified

004
BE 001 Structure # nmos Ig=200nm, tox=3nm *m [N=O () 2012-08-09 08:21:59

Minimos ~ EE _ s I N o RD o
- 002 Minimos nmos Ig=200nm, tox=3nm - transfer characteristics = = = 2012-08-08 10:23:48
005 =

= 003 Minimos % nmos Ig=200nm, tox=3nm - output characteristics =0 =0 () 2012-08-08 10:40:47

Minimos

= =1, = = v 132:
& oos (= 004 structure # nmos Ig=90nm, tox=1.2nm *m [ = () 2012-08-09 08:32:50
] 005  Minimo: ¢ nmos lg=90nm, tox=1.2nm - transfer characteristics =0 =2 () 2012-08-09 08:36:50
z >
0 006  Minimos Copy of 003] nmos Ig=200nm, tox=3nm - output characteristics =0y [» =3 () 2012-08-09 08:53:00
=
= s
3 3 Edit comments
n} Delete
0 0s
Q
g
Q
=
N
g
]
0 >
| v
U}
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2.3.2. Editing Comments in the
Project Home

The new ToolFolder is created and opened
automatically. We switch back to the Project
Home, and as usual, we want to assign a
meaningful comment to the new ToolFolder:

1. Switch back to the “Project home”
2. Right click the new ToolFolder

3. Choose “Edit comments”, and edit the
comment as appropriate, press Enter
when done

Instead of right-clicking, the context
menu is also accessible via the [...]
button in each table row.
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5 (G Gettingstarted-GlobalTO&DSol;tionsFramework S & X -
p— 2.3.3. Updating a ToolFolder
r' ® Local project: L Save project J [ (X Close project J
D:"‘:l GettingStarted
Profect @ | In the newly created ToolFolder 006, the
A (=) etails - v escription . i . .

S simulation settings are as required, but the
Structure  EE q .

P input file is the 200 nm NMOS FET. But we
Minimos @ can easily transfer the 90 nm transistor from
%02 ToolFolder 004 to our new ToolFolder 006:
Minimos @& ToolFolders

&= oos [ &9Addtool | show: ) Structure (¥ Minimos (Y] VsP ) Vision 1. Press the “Next tool” button of the
iy Ul B o @ commens T RO 38 Last modiied Structure ToolFolder that contains the

- — = = .08 .57 . A .

p—— [E 001 structure # nmos Ig=200nm, tox=3nm *m N=0 (3] ] (J 2012-08-09 08:21:59 . 90 nm transistor (probably 004)

e 002 Minimos ¥ nmos Ig=200nm, tox=3nm - transfer characteristics =0y =2 (o) 2012-08-08 10:23:48

Y 003  Minimos # nmos Ig=200nm, tox=3nm - output characteristics =0 m=-1 (.J) 2012-08-08 10:40:47 2. In the NeXt tool d].a.].og, make sure that
B0 5] 004 Structure # nmos Ig=90nm, tox=1.2nm *m 3= = (.J 2012-08-09 08:32:50 Minimos is Selected

005  Minimos # nmos Ig=90nm, tox=1.2nm - transfer characteristics =0 [ = () 2012-08-09 08:36:50
006 Minimos % nmos lg=90nm, tox=1.2nm - output characteristics =0 B =0 (&) 2012-08-09 08:53:00 Select “Update existing ToolFolder”

Choose the toi(o use next:

Structure

to be used as input for the new tool.

() Create new ToolFolder

58 Q) Choose next tool

The results in this ToolFolder will be copied to the new ToolFolder,

SRR

Vision

Confirm to overwrite existing file

Y

4. As target, choose the newly-created
ToolFolder (probably 006)

5. Confirm with “OK”

6. When asked, confirm to overwrite the

old minimos.devhz file

Copy settings from other Minimos ToolFolder | o Updating ToolFolder 006 will replace the file minimos.devbz
3O Update exstng iimos Toooer Poyeumantioqete il @ : This was to show how you can use the result
002 nmos Ig=200nm, tox=3nm - transfer characteristics A [ o |
_ == Y.
- | of a ToolFolder (e.g. Structure) to update the
003 nmos lg=200nm, tox=3nm - output characteristics J

005

 lg=90nm, to

nmos lg=90nm, tox=1.2nm - transfer characteristics

() Duplicate this ToolFolder
5 OK Cancel
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input of another ToolFolder (e.g. Minimos)
that is already existing.
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so Q)

ettinostaned-Gaba TR Solltensframevork s

[Fi|ev][ﬁeload][sm][§lﬂ]

jSetupT Details I Control I Device T Curves o

= oos

Projects, ToolFolders, Device Simulation

&8
Project
GettingSt...
Structure  EE
[ 001
Minimos &
[ o002
Minimos &
[ 003
Structure R
[ 004
Minimos &
[ oos
Minimos [

(> Mode

v Device

P

% Simulator: Local

- 2 ]
=
Run Stop
¥ Simulator: Server
-
/localhost 53]
[ ]
Submit Cancel

Solver options

=N

Transient analysis

Iteration scheme: |DD | Write quantities: [First step ﬂ Grid: @nulationGrid
AC analysis
[ (] enable

[ Drenable

)|

Device parameters
==

<
»

(] Initialize with input file

show: (Y] contacts (Y] semicond. (] oxides [] interf.

2.3.4. Updated ToolFolder

Now we go back to the new Toolfolder 006,
where the setup and the device are in place.

1. Switch to the updated ToolFolder 006,
click “Reload” to verify the update.

u;g.(rsteps 2.3.1 and 2.3.3)
tive to the one shown in
strates the “Update

nctionality.

- This
isana
2.2.1'an

ToiTold

Now we can start the simulation as usual:

—

2. Click the “Run” button in the Control
panel, confirm when asked to save.
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&)

oo () GettingStarted (copy)/006 [Copy of 003] nmos lg=200nr&_to&=inm-output characteristics — GTS Framework & )
E@ ® File v Reload | | save | @i [ Setup I Details I Control T Device @ T Curves ® | +
< 4
» »
h— Files (data sources) T T T T T T T T T
Project [E3) 0.0040 |- 1 -
P [minimos_out.crv ®® ] 2.0
&b| GettingSt... i
= ‘ Param.: Gate [V]
Structure - i
0.0035 IDrain [4]
[&] ooa Attribute | Unit E [of
Gate v 1
Minimos & Drain v 1
VSource v 1
005 — -
&= ISource A 1 0630
Minimos & X;Gite \A/ 2 i
ate
1 006 \Drain v 4" 1 X
3 0.0025| -
¥ VBulk v 1
% 1Bulk A 1 E
<
2 ® 0.0820 — |
W 5 I
(=1
s =
g
14
L 0.0015 -
0 Calculate Attribute
S ( Function | | Functional |
= { — 0.0010 B
| V] same factors (*) for all files
6’ V] Same X/¥ selection for all files
0 0.0005 |- _
Q Plot Range & Scale
g .
3] Logarithmic: [ X [V &)
~ _ ol |
|| M Autoscale ! L ! | ! | L ! ! I
S x| .00 2.00 o e2 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0
g ) . " : VDrain [¥]
| a 0.00 .. 0.00400
U] Graph | Table
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2.3.5. Output Characteristics Plot

When the simulation is done, plot the results:
1. Switch to the “Curves” page

2. In the context menu of the drain
voltage VDrain select “set as X axis”

3. Check the drain current IDrain to show
on the Y axis




Part 3

Comparing Results

' ' 1 In the following, the results of the previous examples,
i.e. the transfer characteristics of the 200 nm and the
r 7 90 nm NMOS FETs are compared.
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PART 3. COMPARING RESULTS 3.1 Transfer Characteristics

«
©
€

3.1. Transfer Characteristics

0o (g) GetkingStarked—GlobalTCQD S@n ramework
P P —
@ ® File w | | Reload | | save | @i H Setup | Details | Device ® | Control | Curves & | +
=y

= N
——— = Minimos, 005 — nmos Ig=90nm, tox=1.2nm - transfer characteristics T T
roje ) 4 4 ) — " "
Bty ||| e eSO e AU 3.1.1.¢5elect Simulation to Compare
Structure  [aJ!
= oot open pointcloud file Now we can compare the results of the
|n|mos L Reload (® Choose file from other ToolFolder (copy settings or use input/output data) 7 200111’11 NMOS and the 90nm NMOS:
el Save as... (O Choose recently-used file (from your local disk)
gmos @8 || | screenshot... I5 ool Stactn e on R — || mput et 1. Switch to the ToolFolder “005” (where
003 ) . B minimos.
Ent : : m - tran, IRlEEs we calculated the 90nm transfer
Structure EHE . - Setup file: -
&8 oos 003 Minimos  nmos Ig=200nm, tox=3nm - output characteri B minimos.ipdm Characteristics)
T (5 004 struct.. nmos lg=90nm, tox=1.2nm 5 output file(s):
oo « 1 005 Minim... nmos Ig=90nm, tox=1.2nm - transfer “ minimos_out.devbz "’ 2. Verify that the “Curves” pag—e is active
Minimos B 006 Minimas frmos | SSR " | (important, because only the Curves
e 6 page can show crv files)
4
g . ' 3. Select “File”, “Open” (here you can
'5 (op)rfOpen Open
3 7 open files from other ToolFolders as
8 Choose a file from somewhere else: 7 11 fr m th I‘l t n )
o [ copyeapen.. | [ open. e e e g O other tocations
g Close menu ”
0 v e s }» 4. Choose the ToolFolder “002” (where
le-15 |
Y| | poscele TN L L L L we calculated the 200nm transfer
X: 2,00 .. 2.00 - - L
: veate [v) characteristics)
| vi 1.00e-15 .. 1.00 —
U] Graph | Table

5. Select the file minimos_out.crv.

6. Press “Open”
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[ File v j [ﬁoad J | save | il

GettingStarted - Global TCAD Solutions Framework

[ Setup I Details I Device & I Control I Curves ® +

g

3.1 Transfer Characteristics

oo ()
&b °

Project [E3)
Gettingst...

Files (data sources)

[ minimos_out.crv ® R ]
I 002/minimos_out.crv ® X ] |

Structure  EE

= oo

Minimos &

002

Minimos &

003

Structure R

[ ooa

Attribute \ Unit | * ol

Gate
VSource
ISource

le+00

le-03

IGate
VDrain
IDrain
VBulk
1Bulk

)><><)>

Display Settings...
Apply to this attribute
Apply to all files

Add calculated attribute...

Vary over all files

minimos_out.crs:
—— IDrain [A]

002/minimos_out.crv:
—— IDrain [A]

Minimos (16 Load calculated attributes file 5 ” I
005 Select all
Minimos &
006
% le-12— 7
9
B .
| (V] same factors (*) for all files
- N .
0 (] same X/¥ selection for all files 1e-15 -
U]
Q Plot Range & Scale
g Logarithmic: [ X [V Y (.
=
4 V] Autoscale le-181 | | | | n
% X 2.00] .. 2.00 = =t © 4
] VGate [V]
| i 1.00e-18 .. 1.00
U] Graph | Table
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3.1.2. Plot Configuration

The data we want to compare is loaded.
Note the second file entry in the Files group
at the top of the Control panel:

© By clicking on the file name, you can
switch between the files to access the
attributes and display settings for each
of them.

® You can click on the green eye to
show/hide the respective data in the
plot.

The plot should already look like in the
picture. If not, go through the following
steps:

1. Right click the gate voltage quantity
VGate

2. Choose “Set as X axis” in its context
menu

3. Choose the drain current IDrain as'Y
axis
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5o () GettingStarted - Global T D Solutions Framework S o & - = -
p— —— iy 3.1.3. Display Settings for Multiple
@ ® [ File w | | Reload | | save | @i | [ Setup I Details T Device ® I Control ]’ Curves ® | + I
— Files (data sources) K I I I = = b Curves
Pro]ect. B [ minimos_out.crv ® R ] ler0or™ N
Ge‘“"gz'é | o02rminimos out.cv  © ® | | inimos.out.cr An easy way of assigning different colors to
Structure —— il . .
& 001 ey L multiple curves is:
_— Attribute | Unit |+ [o] le-03[ ooyrqg:f;'i':sl;\‘;“t'cw‘ A
Mini — 9 . . .
iy CarSEEN Y }H 1. Right click the drain current IDrain
ISource A 1
Mnmos @ | | veate v 1H 2. Choose “Vary over all files”
003 VDrain v 1] b
Structure 8 || | vulk - — 3. Select “Line color” in its context menu
21 004 (Bl B 2 Apply to this attribute >
Minimos 59 A ‘ (M In addition, one can change the line width,
S A ] fine color symbols, and symbol color, either for one or
Minimos @& Add calculated attribute... symbols
_ Load 7ca|culrated attributes file symbol color .
&5 006 Lond o DI for all files (dai.:a sources? Analggously, y.ou
Z 7 can use the “Display settings” dialog, which
0 : “”
5 o~ also has the option “Apply to all data
| (V] same factors (*) for all files ”
aj (] same X/¥ selection for all files le-15 _ sources .
0]
Q Plot Range & Scale
é Logarithmic: [ X [V Y CJ
4 V) Autoscale le-18/~ | | | | | ]
é X: 2,00 .. 2.00 -2 -1 e 1 2
VGate [V]
9 W 1.00e-18 .. 1.00
U] Graph | Table
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3.1 Transfer Characteristics

5o () GettingStarted - Global TCAD Sgitions Framework ) ()09
| p—
E@ ® File v Reload | | save | @i [ Setup I Details I Device ® I Control T Curves ® | +
< 4
— Files (data sources) I I
T T T T T
Project B minimos_out.crv @ X ] Le+00™ B
Gettingst... outov o ® | |
minimos_out.crv: 1
Structure  EE —0— IDrain [A]
= oo . )
TR | Unt " o] {otoae Ooztmlnlmos_out.cw. |
Minimos (G EEiE v 1 O~ IDrain [A]
B3 002 VSource 4 1 Left, Top
ISource A 1 Right,Top
Minimos ~ EE VGate v 1
|Gate A 1[] 2 Right,Bottom
[ 003 VDrain \'4 1] le-06 Left,Bottom —
A V] Hide
Structure  EE VBulk V] 1] ]
B3 004 1Bulk A 1] =
. =
|n|mos {22 3] I g T | l]
005 e
Minimos ~ EE
006
u le-12— -
Z
0
B -
| V] same factors (*) for all files
6’ (] same X/ selection for all files le-15 _
U]
Q Plot Range & Scale
g -
3] Logarithmic: [ X [V Y &)
= ——
le-18— I
4 V] Autoscale | | | | |
E(’ x| 2.00 .. 2.00 = = e U 2
] VGate [V]
| a 1.00e18 .. 1.00
U}

Graph | Table
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3.1.4. Moving the Legend Box

The legend box can be moved to the desired
corner:

1. Right click the legend box

2. Select the desired location in the
context menu




Conclusion

The general handling of GTS Framework has been introduced by rather basic examples.
The basic uses of GTS Structure and Minimos-NT have been illustrated as well as the
concept of ToolFolders and the related workflow functions.

We hope you have found this tutorial useful to get a first impression, and would like to
invite you to take a closer look at some of the more complex examples mentioned below.

Tutorials Included In This Release

You are welcome to continue with the other tutorials included in this release — you can
open them just like this one in the projects list (highlighted in yellow).

More Complex Tutorials And Application Examples

More sophisticated tutorials and examples are available online via myGTS

, at https://globaltcad.com/mygts. Downloading them to your projects
q folder makes them visible in GTS Framework. Previews of most tutorials
are viewable online at http://www.globaltcad.com/en/solutions.html.

For additional information, please refer to http://globaltcad.com/ or feel free to contact
us at info@globaltcad. com.
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ToolFol:

The project GettingStarted_I contains the following ToolFolders (TF):

st

TF Tool Description

TO1l | Structure nmos lg‘1=200nm, tox=3nm

T02 | Minimos | nmos lg=200nm, tox=3nm, transfer characteristic

TO3 | Minimos | nmos lg=200nm, tox=3nm, output characteristic

T04 | Structure  nmos lg=90nm, tox=1.2nm

TO5 | Minimos | nmos lg=90nm, tox=1.2nm, transfer characteristic

T06 | Minimos | nmos lg=90nm, tox=1.2nm, output characteristic
Projects, ToolFolders, Device Simulation \ )’
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Introdu

Using This Ti

GTS tutorials generally consist of a written description (this text) and a GTS project
(simulation data) which you can open in GTS Framework (yellow items in project list). As
shown below, we recommend to create a working copy from the project, and proceed step

by step, guided by this text. If not yet familiar, please refer to the GettingStarted tutorial.

Only a few tutorials are included with the release; the others are available via MyGTS
at https://globaltcad.com/mygts. When logged in, please download the respective file
and extract it to the gts projects folder on your PC. After restarting GTS Framework, the
tutorial project will appear in the Projects list.

Qﬁ This is an intermediate (level 2) tutorial.

This tutorial was created using GTS Framework Release 2017.03. Other releases might
need adjustments or have slightly different user interfaces.

Simulation Flow with DOE, Process and Device Splits \ )’ 1

Working in a copy.of a tutorial project, you can
open the yellow Txx ToolFolders at any time. They
contain the data of the described simulations,
which you can use for reference or as starting
points for your own simulations.
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Simulation Flow with DOE, Process and Device Splits

50 () Global TCAD Solutions Framework <2> OND
[ TOOLS I PROJECTS SYSTEM
_ Projects 1
[ & New project J | ®iopen | show: |_] local tutorials & examples
ID  Project name Description Rating Owner Last modified
. |
= MixedModel Tutorial: Mixed-mode simulation capabilities of Minimos-NT. = () 2015-02-08 15:26:36 ,‘
— gStarted Tutorial: Basic handling of the GTS framework - () 2015-02-08 15:26:39
= - DeviceEditor Tutorial: Exemnplary device editing capabilities of GTS Structure, — () 2015-02-08 15:26:37
[® — DeviceSimulation Tutorial: Exemplary device simulation capabilities of Minimos-NT. = () 2015-02-08 15:26:38
5 Take a look at advanced tutorials and more examples! A
, We probably have a tutorial or example close to your field of application, Duwnload#
showing you directly how GTS Framework can help for your work.
Open GettingStarted M &) X
3 = GettingStarted is a tutorial. What do you want to do?
Create working co| ust look
* g copy J L J Save new project ONORE3
Create your own working copy You will not be a ] N
and work through the tutorial. to save any char glactinamey
GettingStarted (copy)
Project location:
/home/docubuntu/gts/Projects Browse...
Full path (project folder):
/home/docubuntu/gts/Projects/GettingStarted (copy)
Cancel 0K
-
v

Copy

If you have not already done so, go to the
Framework Home and locate the project
associated with this tutorial in the Projects
list, and create your working copy from it:

1. Check “tutorials & examples”

2. Click on the respective tutorial project:
Simulation Flow with DOE,
Process and Device Splits

3. Choose “Create working copy”
4. Check the project name, click “OK”

The project is created and opened, so that
you see the Project Home. — Ready to start!

A. If you miss the respective project,
please download it via MyGTS (click
“Download”, see previous page).

Alternatively, you can start the tutorial with

an empty project — just create a new project.
(The advantage of the tutorial project is that
you have the results at hand any time.)



This tutorial demonstrates the use of the Design of Experiment. A workflow with structure

generation, device simulation and parameter extraction is shown. For better comparison
of various technologies, Off-current normalization is applied.

It is assumed that you are already familiar with the main concepts of GTS Framework and
the idea of projects and ToolFolders, as explained in the “Getting Started Part I” tutorial.

Simulation Flow with DOE, Pr
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PART 1. DOE WORKFLOW

1.1 Simulation Setup

Local project:

GettingStarted_Il

Project (= Details 7 Description
[ Gettingst...

ToolFolders

Each tool you use stores it¥d UserTools
For each tool, you can create

Or, you can always work in the
To start, click the Add tool but . .
Command Python

1 ﬁ{lultl-dlnm device creator and ed

Simulation Flow with DOE, Process and Device Splits 4

1.1. Simulation Setup

1.1.1./Create Structure

® Click the Add tool
® Add a new Structure

® Press "OK"
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1.1 Simulation Setup

Project [E3)
Gettingst...

Structure R

[& oo

Y
X
0
2
i
s
g
v
n
)
Z
9

GLOBAL TCAD SO

Simulation Flow with DOE, Process and Device Splits

GettingStarted_|I/001 Double Gate_([)_g nMOS — GTS Framework

[Device Grids Geometrym

File v Reload Save ] I

Tool state >>

Open ==

Merge...
Reload

Save

Save as new ToolF,

Export...
Screenshot...

Exit

Close menu

001 Structure. Double Gate (DG) nMOS
GTS F work is managing your files in this ToolFolder.
Use ders.in your workflow to store variants and revisions. Manual

Global TCAD solutions provides scalable device templates,
which you can use as sample devices.

The templates contain variables which you can adjust
when creating the device.

~ Create device from template

Open a gdsii mask file and create a device from it.
Sample files are provided.

Create device from masks

Alternatively (in framework-mode), you can re-use a device from another folder or ToolFolder.
To do so, please click File -> Open, and choose the device that you want to copy.

This deletes segments, dopants, quantities of the work device.
Referenced devices will remain open for use in the new device.

This clears the work device and removes references to all additional devices
which you might have opened to copy data from.

(V) Axes &
(V] colorbar D
(V] Autoupdate

@ Segments@ [_J segmentbar

1.1.2. Device Templates

® Click "Create device from template" to
open the templates dialog
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1.1 Simulation Setup

Template

Project [E3)
GettingSt...

Structure R
E= filepath

Choose

V] Remember te

Variables

Name

Create d
b

Segments
Segment

Simulation Flow with DOE, Process and Device Splits

2 (re~ ) roons [sme) (360) |

CTN®) Choose device template
Please choose a template:

Folder We

| structure ] (all

" >r,.\;,‘ ut

no preview available...

Tall

GettingStarted_1/001 Double Get{(lzvgnMOS — GTS Framework ‘__ I OXOX)
JTempIates IET Device | Grids | Geometry [ +
4
- »
Typ. lengtl
‘v| | 20nm BRED v
- _a
A
GTS device template nmos_20nm_2d finfet_trigate.ipds
NMOS 20nm
structure/nmos_20nm_2d finfet_trigate.ipds
' I
(D)

1.1.3. Nanowire Structure

o From the device templates, select
structure/nmos_20nm_2d_nanowire.ipds

® Press "OK"




PART 1. DOE WORKFLOW 1.1 Simulation Setup

GettingStarted /001 Double Gate (DG) NMOS — GTS Framework Yo .
1.1.4. Create Device 1
@ Reload Save SE] JTempIates IZIT Device | Grids | Geometry | +
il <«
Template i k
n 3 n
Project  ® Tper oS ) © Press "Create device
Gettingst... m Typ.L: 20nm N
Structure R pims.: 20
(=] 001 /home/.../nmos_20nm_2d_nanowire.ipds
[ Choose device template ]
(¥ Remember template and values
Variables
Name | value
v, channelDiameter  12.8 nm
v " oxideThickness 0.700 nm
0 Hf02Thickness 1.50 nm
| contactWidth 40.0 nm
G contactLength 30.0 nm
~|  epiLength 30.0 nm | 0 l
< spacerLength 15.0 nm
E ' channelLength 20.0 nm
T paramEpiThick 4.00 nm
\ SourceDrainDopi... 1.000E20 "cm~™-3"
p
i)} ChannelDoping 1.000E12 "cm™-3"
' materialSystem “Silicon"
Z
0 materialComposi... 0.0
= ' numPointsChann... 20
- numPointsChann... 15
j ‘ numPointsExtent 19
& !
] = T
(Ceroats aovce )
S —
.| segment | Material

Q
g
&)
=
<
g
0
0
4
U]

Simulation Flow with DOE, Process and Device Splits 7 [




PART 1. DOE WORKFLOW 1.1 Simulation Setup

5o GettingStarted /001 Double Gate (DG) nMOS — GTS Framework (OFOR) 1.1.5 2 0 .
B .1.5. nm 2D Nanowire Structure
® File v Reload | [ Save | | 37 | JTempIates \EIDevice Grids | Geometry | +
et Template
v |-50 nm 0 nm 50 nm 100 nm 150 nm 200 nm : :
Project @] | - | | | | | | © The device structure is shown
Gettingst... m Typ.L.: 20nm |
Structure B pims.: 20 100 nm You can modify the parameters and click
(=1 001 /home/.../nmos_20nm_2d_nanowire.ipds I "Create deVICe" agaln.
[ Choose device template J
(¥ Remember template and values
Variables
( 50 nm
Name | Value | I
v, channelDiameter  12.8 nm
[, oxideThickness 0.700 nm
0 Hf02Thickness 1.50 nm
3 contactWidth 40.0 nm
u contactLength 30.0 nm I
epiLength 30.0 nm
5 spacerLength 15.0 nm inm
channelLength 20.0 nm
E paramEpiThick 4,00 nm
SourceDrainDopi... 1.000E20 "cm~™-3"
i)} ChannelDoping 1.000E12 "cm”™-3"
V4 materialSystem “Silicon"
0 materialComposi... 0.0 1.00e+20
=~ numPointsChann... 20 -
; numPointsChann... 15 —50 nm
2 numPointsExtent 19
0
0 E—
Create device Reset
-
O (g .
= | segment | Material | —100 nm
N ® Channel Silicon A
g ® OxideBottom Sio2
1] © OxideTop si02
0 ® Hf02Bottom Hf02
< ® Hf02Top Hf02 v
L TEN ;s

Simulation Flow with DOE, Process and Device Splits 8 [



PART 1. DOE WORKFLOW 1.1 Simulation Setup

) GettingStarted /001 Double Gate (DGF NMOS — GTS Framework [OXX) -
p— v ~ 1.1.6. Minimos
[ File v | [ Reload | | save | | J'Templates EII Device | Grids | Geometry | +
cg ;! I 4 <
Template 1
1 [-50 nm 0 nm 50 nm 100 nm 150 nm  |200 nm " "
Project - | | | | | | 1. Press the "next tool" button and press
’ 5
[&5] Gettingst... HLg n n
LT [ e | TPL2m Yes" to save the structure.
Structure [ DTS R0 % Choose next tool Yoy
(=1 001 /home/.../nmos_20nm_2d_nanowire.ipds Choose the tool to use next: 2 . SeleCt "Minimos" and "CI‘eate new
Choose device template n
( i J GTs ToolFolder
(¥ Remember template and values |! &
Variables o | & 3. Press "OK"
NEE | value Structurle ProEmu Vision
v, channelDiameter  12.8 nm pEg! Tools
[, oxideThickness 0.700 nm
0 Hf02Thickness 1.50 nm * # |
> contactWidth 40.0 nm | - — B —
G contactLength 30.0 nm Commactl Python
s epiLength 30.0 nm | [ i []
spacerLength 15.0 nm Classical device and circuit simulator (GTS/IUE)
é channelLength 20.0 nm
L paramEpiThick 4.00 nm The results in this ToolFolder will be copied to the new ToolFolder,
SourceDrainDopi... 1.000E20 "cm”™-3" to be used as input for the new tool.
i)} ChannelDoping 1.000E12 "cm™-3"
4 materialSystem "Silicon" *@ Create new ToolFolder
0 materialComposi... 0.0 3 [ Copy settings from other Minimos ToolFolder
=~ numPointsChann... 20
numPointsChann... 15 . .
3 numPointsExtent 19 () Update existing Minimos ToolFolder
E] - ) (U Duplicate this ToolFolder 4 |
—
Q (@)
q 9 ~—
Q =
= | segment | Material | 10U Ny
Jd ® Channel Silicon [&]
g ® OxideBottom Sin2
1] © OxideTop si02
0 ® Hfo2Bottom Hf02
EIJ ® Hfo2Top Hf02 ¥/

TEN nnma

Simulation Flow with DOE, Process and Device Splits 9 [



PART 1. DOE WORKFLOW

1.1 Simulation Setup

GettingStarted_ll/002 [Next from 001] Do,n.‘lel?e}te (DG) nMOS — G

[FiIEV][Reload][Sa'Ve][:'-’B]

&8
(> Mode

Project | ¥  Device
[& cettingst... || [

Structure  EEI
001

(E2]E3]

Minimos

A 002

(= Simulator: Local
e

Run [ stop |
L )

(=) Simulator: Serveg
(T ——

( D)

[ ]
=

| Cancel

Simulation Flow with DOE, Process and Device Splits

J Setup I Details I Control | +
il
»

Solver Options

[ Enable

(] Enable

.
Device parameters (~Device loaded from Ihomeldoc.uhlmtu_lﬂlle'actllExnmEIeIlaét‘tlngstarted (ke

Iteration scheme: |

Transient Anal

HD_NMos_QFL
HD_PMos_QFL
DG

DG_PMos_QFL
VSP_NMos

| vsP_PMos

VSP_NMos_QFL

(] Initialize with input file

[ Direct solver: 4 -~ core(s)

)

J

Write quantities: | First step

s Grid: | simulationGrid

2]

show: (Y] contacts (V) semiconductors [ ] oxides Du-'n

1.1.7. Simulation Setup 1

A new Minimos ToolFolder opens.

® Select the iteration scheme
DG_NMos_QFL




PART 1. DOE WORKFLOW

1.1 Simulation Setup

ettngsarted 002 06 oS, Neive —GTS Framenork W

[FiISV][ReIoad][Sm][:"E]

J Setup I Details T Control | +
il
»

Solver Options

@

(> Mode

Project v Device

- g

GettingSt...

Iteration scheme: | DG_NMos_QFL v

-

(] Direct solver: 4 v core(s)

Structure  EEI

~ AC Analysis
[ [ Enable

)

[ 001
Minimos & Transient Analysis
[ o002 [ Enable

)

J

(] Initialize with input file

Device parameters (~Device loaded from /home/docubunt

s/Projects/Examples/GettingStarted |l...

Write quantities: |First step v Grid: | simulationGrid v

show: (/] contacts (Y] semiconductors [_] oxides (] interfaces

(= Simulator: Local
-

Run
(=) Simulator: Server
-

( Y (@)

G

Stop

Cancel

i p—
I {constant va.._ )

Simulation Flow with DOE, Process and Device Splits

11

1.1.8. Simulation Setup 2

® Set up the Simulation Settings for
Drain, GateBottom and GateTop as
indicated in the figure.




PART 1. DOE WORKFLOW 1.1 Simulation Setup

anngsanas oz o6 o e ~rsrenenere SN LYY 3 7.9 Run Simulation

[[Filew | [ Reload | | save | [ Z&] | JSetupIDetallsIcantrol +
é i! I il
(w ) Mode " Solver Options - i P "R n
:)iect FE Device Iteration scheme: [@ U Direct solver: 4+ core(s) | || @ LgoS un
GettingSt... ) .
Structure @8 Analysls i ® Press "Yes" to confirm saving and start
001 Doz ] i the simulation
Minimos =& Transient Analysis i
B 002 (] Enable ]
e I |

.
Device parameters (~Device loaded from Ihomeldoc.uhlmtu_lﬂlle'actllExnmEIeIlaét‘tlngstarted (ke

¥ Me settin tep v) Grid: | simulationGrid D)
@ There might be unsaved changes in Minimos simulation setup ts () semiconductors [ oxides (] "-"h&’

002 Minimos — DG nMOS, IV-curve.

- Do you want to save them now?
(= Simulator: Local
e

L — h—
(=) Simulator: Serveg J

( D)

[ ]
L‘ b J | Cancel C]

Simulation Flow with DOE, Process and Device Splits 12 . |



PART 1. DOE WORKFLOW 1.1 Simulation Setup

e GettingStarted_l/002 DG nMOS, IV-clirve — GTS Framework (O . .
e — v 1.1.10. Device Characterics
@ [ File v ] [ Reload ] | save ] [ > ] Setup DetaiIsIControlIDeviceE Curves [Z|
< 4
Files (data sources) fi T T T T T T T T T i " "
project B o le-o3l 4 ® Go to the "Curves" page
5 F 3
Gettingst... minimos_out.crv @ [® iy F _ 3 " "
—— IDrain [A] 1
Structure EE r _ 1 ® Select "IDrain
E= R — | .
— = ] ® Select Y-axis in logscale
i:;'_',“'"“ BB | pttribute [unit  [* o L
002 GateTo| v 1K le-05 | _
Vorain v 1[] o E © Show the scale of plot
A 7] <= ] E
VGateBottom v 1] [ ]
IGateBottom A 1]
VGateTop v 1] le-0gf E
X 1GateTop A 1] E E
X VSource \% 1] = ]
E ISource A 1] - F R
s £
u @ le-07 E E
- | Il s E E l
< ]
14 F ]
L [ same factors (*) for all files le-08 | -
1) V] same X/¥ selection for all files | §
Z ]
| Post Processing [ 1
E ) n le-09 - <
n) Functional E E|
< ]
0 2 | : 1
Bl le-10 —:
| Plot Range & Scale E 3
S Logarithmic: [ X /] Y @ L ]
= I
le-11 —
~| | M Adtoscal ! | ! | | I | I I
g X: 3 -0.2 0.0 0.2 0.4 0.6 0.8 1k e) "2 1.4
o ) GateTop [V]
0
| Y: —
U] Graph | Table

Simulation Flow with DOE, Process and Device Splits 13 [




PART 1. DOE WORKFLOW

1.2 Parameter Extraction

so (g GettingStarted_Il/002 DG nMOS‘._N_-Elrve — GTS Framework (&) \yr‘
—
@ [ File v ] [ Reload ] [ Save ] Setup | Details I Control I Device @ Icurves [Z|
« 4
Files (data sources) 1 i T T T T T T T T T ’
Project = le-03 -
it~ (& 002 r 3
GettingSt... minimos_out.crv @ [ i ]
0 G ) M Choose next tool ORORES —— IDrain (4] 1
Structure  EEI = Yo
= oo1 \ Choose the tool to use next: _§
Minimos BB | arpripute [unit | ]
= 002 GateTol v i
P E
Drain \ 3
]
VGateBottom A o — ‘ ]
IGateBottom A
VGateTop v ‘ UserTools =
¥ |IGateTop A % E
X VSource Y | * ]
Q ISource A = 2] B
Q Command Python | E I
by Device visualization and graph plotting tool (GTS) |
< ]
X The results in this ToolFolder will be copi 1
. pied to the new ToolFolder,
L [ same factors (*) for all file to be used as input for the new tool. -
Same X/Y selection for E
UZ') v (® Create new ToolFolder 3
| Post Processing Copy settings from other Vision ToolFolder 7
= Functional () Update existing Vision ToolFolder 3
Jd ]
0 (U Duplicate this ToolFolder 3 g
| . =|
.| Plot Range & Scale lm) 3
3 ]
3] Logarithmic: [J X (V] Y = / 4
= M
le-11 —
~| | M Adtoscale ! | ! | | I | I I
<[ 0.400] .. | 1.40] -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
g ) . v : GateTop [V]
wl v 1.00ed1 .. | 0.00100 | = ——
U] | Graph | Table
Simulation Flow with DOE, Process and Device Splits 14

1.2. Parameter Extraction

1.2.1./Create Vision

® Use the "Next Tool" button to create a
new ToolFolder

® Select "Vision"

® Press "OK"
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o) Q Choose file ... ) @ \)‘9 1.2.2. Select Output File
. - @ For the file to transfer to the new
=D Multlple OUtpUt fileS found. ToolFolder, select minimos_out.crv

Please select a file from the list: ® Press "OK"

minimos_out.crv UM

minimos_out.devbz

2

——

[ Cancel ][ m,

-

Simulation Flow with DOE, Process and Device Splits 15 [




PART 1. DOE WORKFLOW 1.2 Parameter Extraction

| I NOLTIrY 10 aispiay INO ALLTIDULES Seietiea)

.| |

so (g GettingStarted_I/003 PostProc Param Extra{tio_r}/th. SS, loff, lon) — GTS Framework 1\ \’.9“ = mgm -
p— 1.2.3. Definition Settings
@ (_File ¥ | [Reload | [ save | [ 3&7 | [DeviceIPlotlD
4 4
Files (data sources) T . s i B n
— ~ > I . .
Project @ sy Edit Posterocessor: Functional . [T w0 ® ® Click "Functional
(o003 i -t Processing
o] Gettingst... processing.crv
Gettingst. i °o® s .
structure @8 \ ((_7 Post Processors v Options [ ] C]_lck "Add"
& oo G W
U addposer DO | :
— _— : ‘ @ Select "Mosfet characterics"
D Attribute [unt [+ o My
002 GateTo \% 11X =
B= o I Min_Abs
VDrain \% 1 Max
Vision (E2]E3] IDrain A 1 Max_Abs
VGateBottom A% 1 RMS
003 IGateBottom A 1 R
] VGateTop v 1 e
¥ |GateTop A 1 9
X VSource Y 1 Std_Dev
D ISource A 1 Value_at_x
s Vth (Vth_cc)
E ﬂ Vth (Vth_curvature) i ﬂ
- S5 (SS)
14 SNM (SNM)
L (L) same factors (*) for all files Integral
1) V] same X/¥ selection for all files ‘
Z Description: 3
| Post Processin: A package of typical MOSFET
- — characteristics (Vth, lon, loff,
T
o NETS 1
Plot R & Scal —_—
g ot Range & Scale . B - B
3] Logarithmic: ()X [V @ J L J
e
B | O hutoscale (aopy ) ((cancel ) ok )
< ey .| |
u]
J
(U]

| Graph | Table
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1.2 Parameter Extraction

so (g GettingStarted_I/003 PostProc Param Extrag_io_n‘}dth. SS, loff, lon) — GTS Framework W
—
(ple~  (neoad ) (save ] (21 || [oevee [ ot
'-:5 b « 4
Files (data sources) T k
Project ® oo () Edit PostProcessor: Functional Lw @ M|
y (5 003 l - Processing
GettingSt... processing.crv @ [€ i
structure @8 i r(_v’ Post Processors ~ Options
001 i
= \ loff (Value_at_x) V) Use this processor?
Minimos Bl aggribute [unt  [* o 's":((;’:)'”e—a‘—"’ 1l Name:
E 002 GateTop v 1K .
VDrain \% 1 )
Vision =[] IDrain A 1 \Giain: 2
- VGateBottom A% 1
003 |GateBottom A 1 o
V. VGateTop Y 1 :
v IGateTop A 1 (] select Blocks
VSource v 1
Q ISource A 1 Block Column:
w I Block Value(s): i [0
g }
é Files:
L [ same factors (*) for all files
1) V] same X/¥ selection for all files
Z
| Post Processing -
= 1
4
0 ’
n |
.| Plot Range & Scale
< G
) Logarithmic: [ Jx [ Y ] {
= M
(V] Autoscale
;(J [ Apply ] [ Cancel ] [— oK ]
X .
g [ ‘ ‘ | I NOLIING Lo aispidy \NO ALLTIouLes seiecled).
| N | =
U] | Graph | Table
Simulation Flow with DOE, Process and Device Splits 17

1.2.4. Settings - Vth

® Notice the four pre-defined
postprocessors

® Choose the post-processor "Vth"

© Select GateTop for "VGate"
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1.2 Parameter Extraction

20 Q) GettingStarted_IIf003 PostProc Param Extraction fvth, SS, loff, lon) — GTS Framework (OF)
EE,_-I ® || [LFile > | [(Reload | [ save | [ a7 | ’ [Device T Plot1D
‘ 4
— Files (data sources) T i
r - " . ~ "
Project [E3) & 003 =0 (@ Edit PostProcessor: Functional ONORE)

i - Processing

GettingSt... processing.crv @ [€ i

"W~ Post Processors
Structure  EEI

~ Options

Vth (Vth_cc)
001 —

= loff (Value_at_x)
Minimos & Attribute |unit |+ [o] Iso:((;/:)lue_at_x)
[ 002 GateTop v 1K 1

VDrain A\ 1
Vision =[] IDrain A 1
P VGateBottom Y 1
o 1GateBottom A 1

VGateTop \ 1

|GateTop A 1

VSource v 1

ISource A 1

[V Use this processor?
Name:

Attribute:

x-Column:

xValue:

(] select Blocks

Block Column:

¥
14
0
=
Lil I Block Value(s): il
|
&[ Files:
L [ same factors (*) for all files O Linear
1) V] same X/¥ selection for all files @® Logarithm (Y Axis)
> J
| Post Processing O Logarithm (X Axis)
N [ — (O Next Neighbour
E (Foncons )
<
ez |
.| Plot Range & Scale — (
<y - () ) (-]
) Logarithmic: ()X [V &) B PPN—
[ —
Z(‘ (V] Autoscale [ Aoply ] [ — ] [ — ]
X |
g | I NOLTITY LU uispldy UNO ALLTIDULES SEIECLEU),
| ‘ Y:
U] | Graph | Table
Simulation Flow with DOE, Process and Device Splits 18

1.2.5. Settings - loff, lon, SS

Similar to the previous steps:

Choose the post-processor "Ioff"

Select "GateTop" in "x-Column"

Choose the post-processor "Ion"

Select "GateTop" in "x-Column"

Choose the post-processor "SS"

® Select "GateTop" in "VGate"
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1.2 Parameter Extraction

GettingStarted_Il/003 PostProc Param Extraction

[ File v ] [ Reload ] [E] [ ] ]

[ Device T PlotlD
4

h, SS, loff, lon) — GTS Framework

Files (data sources)

Project [E3)
Gettingst...

Structure  EEI

= oo

Minimos &I

[ 002

Vision {22 3]
003

¥
14
0
2
W
b3
g
14
L
)
Z
9
=
=
<
0
0
a]
g
Q
[
<
g
0
u]
J
U]

Simulation Flow with DOE, Process and Device Splits

[ same factors (*) for all files
V] same X/¥ selection for all files

Post Processing

[ Function j [Functional]

Plot Range & Scale

Logarithmic: ()X [V @

(V] Autoscale

w Filenames [Labe| m Vth [V]

| m loff (A]

| m lon [A]

w SS [mV/dec] | LabelColumn [1] =

003/processing... 0.04116442183...

(&5 003 A |
processing.crv @ & [
(&5 other < |
ime ik ans R ¥
Attribute | Unit [* | ol 2
Filenames Label 1
Vth \' 1
A 1
SS mv/dec 1
LabelColumn 1 1

1.18143713000...

8.25166431E-4

101.558111319... 0.0

U
l 1
Graph Table'
19

1.2.6. Parameters Extraction

© In the "Plot1D" page, choose "Table"

® Quickly select all parameters by
clicking on the table header

© All parameters are shown in the table




PART 1. DOE WORKFLOW

1.3 Design of Experimeént Setup (DOE)

50 @ Gettingstarted i - 6TsJFramework ) o)

P
Local project: [
] . . fededs Save project ] [ [X Close project ]

@ GettingStarted_II I

Projesy & (=) Details ("= Description

Gettingst. gk

Structure  EEI 1

& o1

Minimos &I

= 002 2

ToolFolders
Vision @ [  —
o0 EJAdd tool | EIAdd script [)| Import Tor () @ﬁpt show: (V] Structure (V] Minimos (Y] vsP (V] Vision
iments

1 b

Tool

Choose the script you want to create:

5 002 Minimos  # DG nMOS, V-curve

21 003 vision

MEWORK

¥
L
i)
V4
0
=
0
)}

>AD

R~

GLOBAL

Simulation Flow with DOE, Process and Device Splits

BEl 001 Structure # Doble Gate (DG) n

4 PostProc Param Ext

3

[ ] ‘
L:@W‘ : 0 B0 () 2017-03-26 20:13:‘
T o B =0 () 2017-03-26 20:19:26
Step / DOE

*m =0 () 2017-03-26 20:08:39

1.3. Design of Experiment
Setup (DOE)

1.3.1. Create DOE Script

© Go to "Project”

® Click "Add script" to add a script
® Choose fstep

e "OK"
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i [

. [(File v | [(Reload | [ save | [ 31 7 Jmhl Details
= View Options
Project (] show Task ID

1.3.2. Add Tool 1

° @'Add tool" button to add
H "Structure: 001"

al

I Scripting |+

[& Gettingst... || (] show Task Status
Structure [[J show Task Runtime
001 (] Show the Host the task is running on

Minimos (V) show columns with constant values
002 [ show tasks overview

Vision Zoom: QQQ

[ 003

o (%) Design of Experiment
.. "/

ole” y’ o*

¢
.. .‘. .. ..

@

|

(%) Simulator: Server
—

5 (8]
e |

[mlsslng and outdated results H
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PART 1. DOE WORKFLOW 1.3 Design of Experimeént Setup (DOE)

e GettingStarted_I/004 DOE. Si film thickness variation — GTS Framework — O]
p— . 1.3.3. Add Tool 2
[ File » ] [ Reload ] [ Save ] [ S ] JSetupIDetailsIScripting +
c!g !! I < <
» — »
%) View Opti = = -

: ¢ iew Options ~ > ° Add "Mini . 002" d "Visi A 003"
Project O showTask 0 J " inimos: an ision:
Gettingst... [_J show Task Status N N "
Structure @R || ) Show Task Runtime 001 Structure L 002Mln_lmn§- . ® Press "OK
B2 o001 (] show the Host the task is running on pid | » » LD ‘

: [xsssgegmr |- -
Minimos @& (V] Show columns with constant values P
B3 002 (] show tasks overview
2 003 !
Script o8 F Design of Experiment
= o0a
& Which ToolFolders output should be used as input for this ToolFolder?
f ﬂ Choose the predecessor of the new ToolFolder: ﬂ
<
< | 002 Minimos v
14
:
)}
g |
Q
|| | change Design of Experiment |
d
Q
/| == simulator: Server
]| ( )
g v
8| ( )
[ |
- —
g | missing and outdated results :]
o
:
=
a conca | (] i
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PART 1. DOE WORKFLOW 1.3 Design of Experimeént Setup (DOE)

st (@ Gettingstarted 1/004 DOE, Si film thicknesg variation — GTS Framework (&) Q_‘Jﬂ -
e — S . } 1.3.4. Edit Structure Folder
@ [ File v ] [ Reload J [ Save J [ > } Setup Detalls Scrlptmg
%) View Options f i = i . " "s "
project B || [ showTask 1D 2 ; ® Click "Add fstep parameter" in "001
Gettingst... | IiLIC evieekeetatis { ' Structure" to add parameters
structure @& || = [J Show Task Runtime 001 Structure @bozmnlmos 4 [003Vision &
B2 001 (] show the Host the task is running on fstepld | » » » ® Double CliCk "ChannelDiameter" in
Minimos E& (V] Show columns with constant values o Choose fstep Parameter o oy s
002 D Show tasks overview : E?S(:\oniepjusox A Varlables tO edlt lt
QTActionRestore
vsin @8l | zoom B[ 00s @@ ||| > Bueanto o Set up the settings as shown in the
003 ‘ v (3 variabl i
. . | ariables d]. a.]. 0 g_
Script o8 (=) Design of Experiment O _« 1 o
|| oxideThickness = 7.0E-10 "m"
& 004 . | Hfo2Thickness = 1.5E-9 "m"
: || contactWidth = 4.0E-8 "m"

| Cocomtactiengin — aoeanmr S Ed channaibianeter (ROREALGUANTTY ) ). |

| DQiepitength - 3.06:87m J Expression/Value I Attribute type ]

| spacerLength = 1.5E-8"'m"

.
. B [] channelLength = 2.0E-8 "m" () Reset to default: [No default]
P A S s || paramEpiThick = 4.0E-9 "m"
L AR o |7} SourceDrainDoping = 1.0E20 ' O set value: 1.28E-8 m
’ "1 channelDoping = 1.0E12 "cm”
— || materialSystem = "Silicon"

(® Set expression:

fstep |v

J || materialComposition = 0.0
[ numPointsChannelX = 20
[ numPointsChannelY = 15

[ Change Design of Experiment

=0 Si or: Server || numPointsExtent = 19
f » [ File
L J > [ Doping
» (i Mesh
] > (3 Attributes

| missing and outdated resuilts
Dry Run ]
carcel ()

L)

=
W
3
g
14
L
0
Z
Q
=
=
-
0
0
a]
<
Q
=
N
<
)
u}
4
U}
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PART 1. DOE WORKFLOW 1.3 Design of Experimeént Setup (DOE)

ey (.) Gettingstarted 1I/004 DOE, Si film thi{kn} variation — GTS Framework: (OREI]

@ [_File v | [Reload | [ save | [ 21 | Setup Detalls Scrlptmgm I

View Options

<
»
B |
Project () show Task ID
GettingSt... [_J show Task Status { .

structure @& || ([ Show Task Runtime 001 Structure 4F |002Minimos 4F |003Vision
B3 oo1 [_J show the Host the task is running on pld >|channe|D|ameter [m] » »
1 5.0e-9
Minimos EX [¥) Show columns with constant values 2 6.0e-9
Show tasks overview 3 7.0e-9
[ 002 u 7 KTosT

Vision B3| | zoom: @L[T]Q; =6 & Add Output
003 J Expression/Value T Attribute type ]

(D Design of Experiment |
-

Script E Reset to default: [No default]
= o0a r
- (O Set value: 00 1
° (® Set expression: | cryat v l
.
f
.
. : File: "003/processing_out" + ~Extern.fstep + ".crv"
e 2 e - P ] E]
¥ ;." %ie” ,o" Row: E l

. e
Filenames

[ Change Design of Experiment

imulator: Server
( 8l
LabelColumn
l J
| Enter output name:

e

— |

| missing and outdated results ;] 3 l

2
W
b3
<
14
L
)
Z
Q
~
=
<
0
0
Q
g
0
=
<
q
]
0
<
0

C ] ||| —
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1.3.5. Add Output Parameters 1

@ Click "Add output parameter" in
"Output"” to add parameters

® Add the "Vth" parameter as indicated
in the figure
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1.3 Design of Experimeént Setup (DOE)

@

GettingStarted_l/004 DOE, Si film thi&n} variation — GTS Framework

[(File~ ] [(Reload | [ (save | [ &7 |

SetupT Detalls Scrlptlng

Project [E3)
GettingSt...

Structure  EEI

= oo

Minimos &I

E 002

Vision B
003
Script. (e 3]
=1 004

FRAMEW

0
Z
u]
=
Q

s

TCAD

Simulation Flow with DOE, Process and Device Splits

(%) View Options

( (] show Task ID

(] show Task Status

[J show Task Runtime

(J show the Host the task is running on
(V] Show columns with constant values

(] show tasks overview

() Design of Experiment

\
o) e

o\ e

[ change Design of Experiment |

(% Simulator: Server

[ I
| missing and outdated results _x]

concsl | (]

zoom (0w 8

L J (B3]

.

001 Structure ¢ (002...4F |003..4p |

fstepld >|channelDl |

N SRENE

1.3.6. Add Output Parameters 2

© Repeat the previous steps to add SS,
Ioff and Ion




PART 1. DOE WORKFLOW

1.3 Design of Experimeént Setup (DOE)

variation — GTS Framework

oo () GettingStarted_ll/004 DOE, Si film thickne:
P
[ File v ] [ Reload ] [ Save 1 [ S ] ’ Setup Detalls Scrlptmg
() View Options f
. f 0
Project () Show Task ID ___q}_
GettingSt... || (] show Task Status -
Structure @@ || = [J Show Task Runtime 001 Structure < (002...4F 003...4F
B3 oo1 (] show the Host the task is running on pld >|channeIDl [ |» »
1 5.0e-9
Minimos [=]E3] (V] show columns with constant values 2 6.0e-9)
Show tasks overview 3 7,069
[ 002 U 4 8.0e9
- P 3 5 5 9.0e-9
vision @B || zoom: € 100% (RN s 1.0e-8
2 003 !
(= Design of Experiment
Script EIR g >
w0 Sil or: Server
=l o0a -
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"
3
<
14
L
)
Z
Q
3
4
0
0
Q
g
0
=
<
<
]
0
<
0

- Personal Local Jobserver
|5 localhost:6666
@ localhost: 7777

JE

i

- 192.168.111.30:40002
<F Add Jobserver

1.3.7. Jobserver 1

© Select "Manage Jobservers" as
indicated in the figure

26




PART 1. DOE WORKFLOW 1.3 Design of Experimeént Setup (DOE)

IO Eramples — Gl Jogherver — ~ 1.3.8. Jobserver 2
T —
projet B Jobserver Manager ® Press the "start" button to run the local

GettingSt...

job server.

Structure EE Jobservers y i
f

& oo . '

Personal Local Jobserver

Minimos 6 & 1 host in 1 hostpool

E o002 0 tasks pending, 8 cores free

Vision (=]

003

Script B

&= o0a

Jobserver EE

[ | Examples

The GTS Jobserver provides the infrastructure to queue and run complex

<
14
L
(0)]
7
9
=
=
4
u] simulation jobs locally or in a distributed environment.
)]

Bl g

GLOBAL TCAD
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PART 1. DOE WORKFLOW 1.3 Design of Experimeént Setup (DOE)

oo (Y GettingStarted_l/004 DOE, Si film thickness variation — GTS Framework ) W». -
P —) 1.3.9. Submit Jobs
ile v load = i -
@ [(Filev | [Reload | [ save | [ S& | 4JSetupTDetaulsIScnptmg + I
» »
View Options = - = . .
Project @ | | (] showTask 1D v ® Switch back to the Script ToolFolder
r e
GettingSt... || (] Show Task Status Iy L=D. J ‘ " n
stractre @@]| | O Show Task Runtime 001 streturaE [oo2.. A TERER .« o © Select "Personal Local Jobserver".
5 001 ([J show the Host the task is running on fstepld >|channeIDi.,. [Z|» » Vth [V] [4|ss™M  [Z4|ioff [A]  [Z|lon [A] (2
¥ Fl n ]

Minimos ~ E&E (V] Show columns with constant values ; 2:8:.: : ® PreSS Submlt
B5 002 (] show tasks overview 2 ;g::g ° Press "Yes"
vion @8 | zoom @, 10w O @ = Toes
003
Script o® @ Design of Experiment
= ooa ;

= R

W e

: Al | "

o . ;;;-' e ’.,o‘

Z e

g EETTE

=

3 [ Change Design of Experiment

0

| o= si or: Server

o[l

S @® Personal Local Jobserver

M= \

é | missing and outdated results a

0

4

U]

2
T e ) ||| g
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PART 1. DOE WORKFLOW

1.3 Design of Experimeént Setup (DOE)

@

GettingStarted_l/004 DOE, Si film thickne

(File v | (Reload | [ save | [ 2& |

SetupT Detalls Scrlptlng

variation — GTS Framework

(%) View Options

Project [E3)
GettingSt...

Structure  EEI

= oo

Minimos &I

E 002

Vision B
003
'Scrlpt {22 3]
& o0a

3
W
b3
g
14
L
(0)]
Z
9
=
=)
Jd
u]
0

GLOBAL TCAD

Simulation Flow with DOE, Process and Device Splits

(] show Task ID

(] show Task Status

[J show Task Runtime

(J show the Host the task is running on

(V] Show columns with constant values

(] show tasks overview

zeom E\[_aom |,

() Design of Experiment

Change Design o@t

lator: Server

@® Personal Local Jobserver

missing and outdated results
Dry Run

Submit

(e ] ()

F

001 Structure <+ 002...4 |003...4
fsf pld >|channelDl G »
3
a1
5
6

29

1.3.10. Simulation Status

® Watch the status of the simulation
tasks

® Wait for the simulation to finish
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1.3 Design of Experimént Setup (DOE)

oo (o) GettingStarted_Il/004 DOE, Si film thi;‘:l(né variation — GTS Framework

[ File v ] [ Reload J [E} [ ] J

o "

Files (data sources)
P

Setup | Details I Scripting TScrlpt_out ®
4
»

T T T T T T T T T
Project [E3) & o004 le-03 E
GettingSt... script_out.crv @ & i
[ —— Ioff [4]
Structure X - le-04L — Ton (4] -
& 001 E E
Minimos BB || 1 pttribute [unit |* |of e ]
E 002 fsteplD 1 18
channelDiameter m 11X 1
Vision [2]E3] Vith v 1 ]
E ss v 1 le-06 |- =
o0 Ioff A 1 7] < E 3
Script BE lon A 1 = ]
= ooa £ le-07 | i
E s 31
by “-
- b= le-88 |
1 E E
14 ]
L [ same factors (*) for all files [ 1
) (V) same X/¥ selection for all files le-89 - -
Z E E
| Post Processing ]
E ( — ]
u) Functional le-10 | —
.| E
0 2 ]
Y| i 1
le-11L _
| Plot Range & Scale E
< |l . E
) Logarithmic: [ X Y &) [ 1
= A
le-12 — —
~| | M Adtoscale L ! | L ! ! I | I
< 5.006.09] .. 1.00e-081 5.00e-09 6.00e-09 7.00e-09  8.00e-09 9.00-09
g channelDiameter [m]
| i 1.00e-12 .. 0.00100
)| | Graph | Table
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1.3.11. Simulation Result

o In the "Script out" page, select loff and
Ton

o Select logarithmic scale for Y

Examine the result. In the next steps, we
will run the same experiment but with
normalized IV curves to be able to better
compare the embedded transistor
performance.
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oo () GettingStarted_Il — G'I:gramework (OR)

p— — 1.4. Normalization
& Local project: ave projec (] Close proje:
@ Get::irLgStarted_ll o= B

Project

Vision (=]Es)

[ 003 B3 Add tool @ Structure Minimos VsP VSHE

UserTools
Script BE i Tool &' !
\
= o0a & o001 structure | * 2

]
[ 002 Minimos
]
]

(> Details ("% Description 1_4_1_ Postprocessing 1

Gettingst... ) N

structure @8 ot (O Y_ Choose next tool ..a-l"'@ @ )

= oo1 Choose the tool to use next: o GO to Project

Minimos (& GTS 7 .

B 002 o ©® Press the "Use output in the next tool"
:I'oolFoIders D

button in "002 Minimos"

® Press "OK"

o Select minimos_out.crv and press
IIOKII

Command Python

Device visualization and graph plotting to@S)

003 Vision

] o004 script The results in this ToolFolder will be copied to the new ToolFolder,

to be used as input for the new tool.

(@ Create new ToolFolder =LA Multiple output files found.
Copy settings from other Vision ToolFolder Please select a file from the list:

3
@

(U Update existing Vision ToolFolder

(U Duplicate this ToolFolder

"
3
<
14
L
)
Z
Q
3
4
0
0
Q
g
0
=
<
<
]
0
<
0
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PART 1. DOE WORKFLOW

1.4 Normalization

GettingStarted_|I/005 PostProc - Iof.LNg@alization — GTS Framework (OREI]
[ File v ] [ Reload ] [ Save 1 [ S ] ‘ [DeviceTPIotlD
< 4
Files (data sources) Plr . P ~ar i
- r 56 @ Edit PostProcessor: Function B 0
Project S |
005 | | Input | Processing
GettingSt... processing.crv @ [¥
e other || v Post Processors ~ Options
-
S processiout & 8
(= 01 — Name:
Minimos & ‘ @R
002 Attribute unit |+ | %
. GateTop v 1
Meicn L \Drain \% 10 ]
2 003 A 18
VGateBottom \Z 1L ]
Script (22]E3] IGateBottom A 1]
= VGateTop v 1]
004 IGateTop A 1]
VSource v 1L
Vision =k ISource A 1] |
005 [ 0
N
14
L [[J same factors (*) for all files
) (V] same XY selection for all files
Z
|| Post Processing
:
4
. 1
| Plot Range & Scale 1 .
< . D& EIE]
0 Logarithmic: [ X [ Y = J L )
=
< ) Autoscale [ Apply ] [ cancal--] POK ]
S x [ -0.400 .. 1.80 —
S ‘ I Nothing to display (No Attributes selected).
wl| v 1.00e11 .. 0.00100 = s
0 ‘ Graph | Table
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1.4.2. Postprocessing 2

® Select "Function"
® Select "IDrain"

® Rename to "IDrain"
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1.4 Normalization

GettingStarted_II/00S PostProc - IofLNo_@elizetion — GTS Framework O
[ File v ] [ Reload ] [ Save 1 [ S ] ‘ [DeviceTPIotlD
4 4
Files (data sources) Plr . P ~ar i
- r 56 @ Edit PostProcessor: Function B 0
Project S |
005 | | Input | Processing
GettingSt... processing.crv @ [¥
other || v Post Processors ~ Options
Structure  EI6 rocessing_out @ [ I -
processing. 5 Addposte. w01
(= 01 — Name
— Noop
Minimos & ‘ Colur Formula v
002 Attribute unit |+ | % PPAdd2Cols
PPSub2Cols
. GateTop v 1
Vision B \Drain v 107 PPMul2Cols
[ 003 IDrain A 18 PPDV2Cols
VGateBottom \ 1L} Logl0
Script (22]E3] IGateBottom A 1] e
= VGateTop v 1] Sott
004 |GateTop A 1] C:rt [
VSource v 1L
Vision =k ISource A 1| Power N
005 [ Valueat i f
= Differential
14 Integrate
L [[J same factors (*) for all files PSD
0 (V) same XY selection for all files ‘ 2
p4 Index
Q ,Posmﬂgﬁ—\ Description:
~ Normalizes the specified
3 (Ipoint to a gien value.
d
0 3
| ot cong o
. Cancel
| Plot Range & Scale
< -
0 Logarithmic: [ X [ Y = J J
=
< ) Autoscale [ Apply ] [ cancal--] POK ]
S x [ -0.400 .. 1.80 —
S ‘ I Nothing to display (No Attributes selected).
wl| v 1.00e11 .. 0.00100 = s
0 ‘ Graph | Table
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1.4.3. Postprocessing 3

o click "+" button and select "Normalize"

® Press "OK"
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1.4 Normalization

GettingStarted_Il/005 PostProc - IofLNo_@alization — GTS Framework

[ File v ] [ Reload ] [ Save ] [ ] ]

‘ [ Device IPIotlD
<

Files (data sources)
p

Simulation Flow with DOE, Process and Device Splits

j
Project & oos
GettingSt... processing.crv @ [¥
(&5 other
Structure  EI6 processing_out @ &
[ 001 -
Minimos & l ‘
E o002 Attribute unit  [* o]
- GateTop v 1€
Meicn L \Drain \'4 10 ]
003 A 1
VGateBottom v 1L ]
Script (22]E3] IGateBottom A 1]
= VGateTop A 1]
004 IGateTop A 1]
VSource v 1L
Vision =k ISource A 1]
2 005
N
14
L [[J same factors (*) for all files
) (V) same XY selection for all files
Z
| Post Processing
~
3
<
.
| Plot Range & Scale
< o —)
0 Logarithmic: [J X (V] Y ()
[ S
4 V] Autoscale
é x: | -0.400 .. 1.80
0
wl| v 1.00e11 .. 0.00100
0

oo (o)

| Input | Processing

Edit PostProcessor: Function

i
'/~ Post Processors

~ Options

IDrain (Noop)

Name: (GateTopl )

x-Column: [GateTop L']
xValue: |o.o |
Attribute : | IDrain_ |

| Value: @ 3 |
Interpolation: | LOGARITHM Iv)
Direction: | SHIFT_X_AXIS [
Warnings: 0l

{n--B

J 5 4 6 h J
ﬁApply ][ cancsl-] oK ] ’
‘ I Nothing to display (No Attributes selected).
‘ Graph | Table
34

1.4.4. Postprocessing 4

Write GateTop as a Name
Select "IDrain"

Change Value to "1.0E-10"
Select "SHIFT X AXIS"
Press "Apply" and "OK"
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5o () GettingStarted /005 PostProc - loff Normalization — GTS Framework O & 1.4.5. R .
S .4.5. Results: Normalized IV Curve
j: = [ File v ] [ Reload | | save | | 37 | [DeviceIPlotlD
— Files (data sources) f »
projec B [ oo 1603 G e T, o Right click on "GateTop" and select
GettingSt... %processing.crv o ® i F 3 "Set as X aXiS"
other

Structure =& i I
processing_out @ & le-04 |

= 001 — E e Select "IDrain"

Minimos (R [ r ]

002 Attribute | Unit [* o] le-0S | - o Select logscale inY axis
Vision =B 2 F 3

GateTop A 1%

003 -
— o le-06
crip 1 E

=l o0a

® Right click on "IDrain" to change its
Line color to yellow as indicated in the

=
& i figure
Vision (2]Es) 3 le-07l ]
005 ‘ g 3 10
[[J same factors (#) for all files [ le-08 | -
(V] same XY selection for all files E 3
Post Processing I
[ ] le-09 |-

(rondins )

L processing.crv:
‘ i —— IDrain [4]
\ 3 le-lof e =
Plot Range & Scale 3 processing_out: E
L L] ’ — £ —— IDrain [A]
Logarithmic: [J X (V] Y () L
le-11 |- —
) Autoscale ! I I ! ! ! I ! I I L
% | 2.200] .. Lol 0.z 00 02 04 06 08 1.0 1.2 14 1.6 1.8
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Y | 1.00e11 .. 0.00100
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Graph | Table
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1.5 Design of Experiment

) Gettingstarted Il — GT_§}ramework

Local project:
GettingStarted_II

(=) Details ("= Description

Project

(VR

| saveproject | [ mclose project |

Gettingst.. e

Getting starte” P~ "

Desing of expi ' &/ x 7 Choose next tool
Strichcie 1 Simulation flov

= 001 Choose the tool to use next:

Minimos (&

[ 002

ToolFolders

GTS
'SP VSHE

Vision (=]Es)
£ 003 B3 Add tool EAdd ¢ Stuchre.  ANDEES . e
UserTools
Script (=2]Es) £ o ool &I !
\
=l o0a (& o001 structure ¥
Vision B [ 002  Minimos Command. Python
[ oos 003  Vision Tool description !

Y o ®

- are  [¥] Minimos (Y] vsp (V] Vision (Y] Other

Vision

] Last modified
1= () 2017-03-26 20:08:39
) =03 () 2017-03-26 20:1:%l

to be used as input for the new tool.

]
]
=] 004 script o
]

005 Vision
Create new ToolFolder
Copy settings from other null ToolFolder

{ ' Update existing null ToolFolder

* () Duplicate this ToolFolder

The results in this ToolFolder will be copied to the new ToolFolder,
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1.5. Design of Experiment

1.5.1./Copy DOE Script

Based on the previous setup, we will now
work on the normalized data:

© Go to Project

® Use button in 004 to duplicate the
ToolFolder

® Press "OK"
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GettingStarted_|I/006 [Copy of 004] DOE, Si ﬁlm}lickness variation — GTS Framework &) gxf - -
: ; ¥ 1.5.2. Edit Script 1
[ File v ] [ Reload } [ save | [ S ] JSetupIDetails IScriptingIScript_out ®| +
il <
%) View Options f =] . = (B \ i
A r \ " - ] -cli n
project | [ showTask D ’ e ® Right-click on 003 and select "Delete
GettingSt... || = (] Show Task Status I, L=J- ] Open ToolFolder... ToolFolder"
Structure B [_J show Task Runtime 001 Structure <& |002...95 |003 Sh.ow..lpd,.. : _ £
B3 o1 [[J show the Host the task is running on fstepld >|chnneIDi... [ |» paa| Edt link to toolfolder inputfile.:: Ilnff [A] 4 |Ion [A] [ PY Conﬁrm Wlth "YeS"
1 5.0e-9 Replace ToolFolder... B7e-02 1.416e-12 4.970e-04/ 4
Minimos @@ || = (/) Show columns with constant values 2 6.0e-9 Delete To 6e-02 5.810e-12 5.490e-04f"
e Smoterls i 3 7.0e9 : = S14e02  2112e1l  5.969e-04
002 LIEicebaskeloverdey 4 8.0e-9 ' ‘ 1.975e-01 7.680e-02 7.121e-11 6.415e-04
. =) \ N 5 9.0e-9 1.688e-01 8.078e-02 2.270e-10 6.835e-04)
Moy Bl | zoom: ek e, @ 6 1.0e8 1.383e-01 8564202  6.882e-10  7.233e-04)
003 ‘
Script ] rE Design of Experiment .
= 004
Vision (2]Es)
005 0 0
Script EI6
[ oos
uj
Z
Q
=
3 [ Change Design of Experiment }
u]
|| o= si or: Server
o (N N
< v |
ST =N
~ — |
. .
g | missing and outdated results v
o
:
X
a E | || S— i
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GettingStarted_Il/006 [Copy of 004] DOE, Si.ﬁlm_s]ickness variation — GTS Framework & @)ﬁ - -
—— 1.5.3. Edit Script 2
[ File v ] [ Reload ] [ Save 1 [ S ] ’ JSetupI Details IScripting I Script_out B | + p
< <
5 A » — N
%) View Opti o
f T @ g @ Click the plus ("Add tool") to add
Project (] show Task ID é-g E4T j P
GettingSt... C] Show Task Status — — a ) J "ViSiOl’l' OO 5 "
structure @8 || ) Show Task Runtime ooLstructure & (002, & | 1 '
B3 oo1 [_J show the Host the task is running on pld >|channeIDia... [ |» Vision: 005 S5 Y PreSS "OK"
) 1 5.0e9 'Add aggregator 1.416e-12 4.970e-4
Minimos ~ @® || ) Show columns with constant values 2 6.0e-9| _ 6.956e-2 5.810e-12 5.490e-4|
= ) s el G 3 7.0e-9 2.258e-1 7.314e-2 2.112e-11 5.969e-4/
002 4 8.0e-9 1.975e-1 7.680e-2 7.121e-11 6.415e-4
. ) 3 N 5 9.0e-9| 1.688e-1 8.078e-2 2.270e-10 6.835e-4|
Moy Bl | zoom: @Q‘Q{@i 6 1.0e-g 1.383e-1 8.564e-2 6.882e-10 7.233e-4)
[ 003 !
(%) Design of Experiment
Script B - g e
= 004
Vision (2]Es)
I I
005 [ 8
Script EI6 . ]
Which ToolFolders output should be used as input for this ToolFolder?
= 006 Choose the predecessor of the new ToolFolder:
uJ | 002 Minimos
[ Change Design of Experiment } =

(% simulator: Server

| missing and outdated results ;]
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GettingStarted /006 [Copy of 004] DOE, Si film thickness variation — GTS Framework — O

[LFile v ] [Reload | [ save | [ 27 | JSetupIDetailsIScriptingIScript_outm 1'5'4' Ed’t Scr’pt 3
=] ]

(%) View Options
-

. 1 n 1 5 5 n
Project O showTask D ) . Pﬂ @ Click "Add tool" to add "Vision: 003
Gettingst... [[J show Task Status —— 1 4 " n
structure @R || | L Show Task Runtime 001Structure 4 (002...4 (005...4% | forymrre ® Press "OK
B3 oo1 (] show the Host the task is running on pid [» | channelDi... (4 | » » i Add agregator 5 Ch . t d
) 1 5.0e-9 - 6.687e-2 1.416e-12 [ 00se processing—-ou crv an
Minimos @& || = (4 Show columns with constant values 2 6.0e-9 2.537e-1 6.956e-2 5.810e-12 5.490e-4) P g -
Show task: i 3 7.0e-9 2.258e-1 7.314e-2 2.112e-11 5.969¢-4 " "
& 002 ) Sl G s 4 8.0e-9 1.975e-1 7.680e-2 7.121e11 6.415e-4 press OK
) D B 5 9.0e-9 1.688e-1 8.078e-2 2.270e-10 6.835e-4

Moy Bl | zoom: ’@Q“}{@k 6 1.0e8 1.383e1 8.564e2  6.882e-10 7.233e-4)
[ 003 !
Script ] F Design of Experiment
= 004
Vision =
005 L B0 0
Script EI6 Which ToolFolders output should be used as input for this ToolFolder?
(= Choose the predecessor of the new ToolFolder:

— [ 005 vision v

3 |

: (cance (o)) 2

= [ Change Design of Experiment } 71

.

Q

| @ simulator: Server

e N

( Y
[ ]
| missing and outdated results :] . 4

concel | (] i

Q
g
Q [processing_out.crv E]

GLOBAL
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PART 1. DOE WORKFLOW 1.5 Design of Experiment

GettingStarted_II/006 [Copy of 004] DOE, Si @m_slckness variation — GTS Framework (] \EEJ».
—TT 1.5.5. Check Setup
[ lle v eloal ave = Setup | Details Scrlptlng Script_out
« 4
Current Attribute i % i . .
Project  ® + @ Toolfolder : ® Click Save to save the DOE Script
~ Sh
GettingSt... | n M @gsl bl
ariables n ol
Structure EX - l 1 channelDiameter = fstep(5e-09 "m", 1e-08 "m", 1e-09 "m", nom = 1.28e-08 "m") = 5.0E-9 "m" L4 GO to the Detal]'s pa’ge to CheCk the
p

v F002
(= 001 Type: ipdSECTION @% S flow
Minimos B ¥ (& Input
B5 002 [} file = link(*001", "structure_out") = "001"

v (& Foos
Vision [2]E3] ¥ (& InputFiles
003 > (& fileo

v (& Foo3
Script [=[E ¥ (& InputFiles
= v (& fileo

[ file = link(" 005", "processing_out.crv") = "005"

Vision [=]e > [ share
005 | | | & curve |

v E Response
Script (e [0 vth = crvAt(" 003/processing_out" + ~Extern.fstep + ".crv", 1, "Vth", init = 0.0 "V") = 0.0 "V"
E 006 D SS = crvAt("003/processing_out" + ~Extern.fstep + ".crv", 1, "SS", inii 0.0"V') =0.0"V'

[ 10ff = crvAt(" 003/processing_out" + ~Extern.fstep + ".crv', 1, "Ioff', init = 0.0 "A") = 0.0 "A"
[ 1on = crvAt(" 003/processing_out" + ~Extern.fstep + ".crv", 1, "lon", init = 0.0 "A") = 0.0 "A"
%) Legend » (LJ Extern

grey: default (not written to file)

bold right-hand side: value changed
black: set (written to file)

bold row: set to non-default |
orange italice IPD function

dark green: linked to Setup

light green: accessible in Setup

SOL

Edit Script

Edit the script file in a text editor.

Q
g
&)
[
d
g
0
0
.J
U]
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PART 1. DOE WORKFLOW 1.5 Design

of Experiment

(%) Current Attribute
-

Project

) GettingSt...

Structure =&

Simulation Flow with DOE, Process and Device Splits

[ 001
Minimos (&
Vision (=]Es)
003
Script (22]E3]
= 004
Vision (2]Es)
Script EI6
[ oos

<

Z
9
=
u
<
0
0
a]
N
Q
=
N
g
ul
0
]
U

Type: ipdSECTION

% Legend

black: set (written to file
bold row: set to non-d:
orange italic IPD functior
dark green: linked to Se
light green: accessible i

(=) Edit Script

GettingStarted_|I/006 [Copy of 004] DOE, Si_zi_lmJt’ickness variation — GTS Framework O

:Reload | E a6 ' Gettingstarted_Il/006/script.ipd Yoy

IPD Text Editor: GettingStarted_Il/006/script.ipd

A00 B @ BE#0 &

Ipd file successfully parsed.

16 FoOl A

17 {

18 Variables

19 {

20 channelDiameter = fstep(5e-09 "n”, le-08 "n", le-09 "n”, nom = 1.28e-08 "n");

21 }

22 }

23 FoOZ

24

25 Device

26 (

27 Input

28

28 file = link("00l", "structure_out”);

30 }

31 }

32 }

33 Foo3

34 { i

35 InputFiles

36 (

37 filed

38 {

39 file = link("002", "minimos_out.crv");

40 }

41 }

42 }

43

44 Share

45 {  // Place shared variables between tools here

47 Curve

a8

49 Response

50 { // Place Files for output here

51 Vth = crvAt("003/processing_out” + ~Extern.fstep + ".crv”, 1, "Vth”, init =

52 SS = crvAt("003/processing_out” + ~Extern.fstep + ".crv”, 1, "SS5, init = 0.

53 Toff = crvAt("003/processing out” + ~Extern.fstep + ".crv”, 1, "Ioff", init

54 Ion = crvAt("003/processing_out” + ~Extern.fstep + ".crv”, 1, "Ion”, init =

55 }

56 ) y

Edit the script file in a t¢

Edit script |

arey: default (not writte‘

bold right-hand side: yjuag

41

1.5.6. Check Setup 2

You can also take a look into the IPD file that
was created:

©® Go to "Scripting" page
© Open "Edit script" to check IPD file

® Press "Save+Close"




PART 1. DOE WORKFLOW 1.5 Design of Experiment

so () GettingStarted_|I/006 [Copy of 004] DOE, Si @m_slckness variation — GTS Framework & \>.<J>' - -
e — 1.5.7. Run Simulation
@ (_File v | [ Reload | [ save | [ 2 | JSetupT Details I Scripting IScript_out +
il <«
View Options f = . i
g n n
project ]| | [ showTask I ) i ® Go to the "Setup" page
r B
GettingSt... || (] Show Task Status i =El- ] " n
structure @@ || | LJ Show Task Runtime D01 St aeRs (002 i <X o Select "Personal Local Jobserver
B 001 (J show the Host the task is running on fstepld blchannel... | 3 ]
1 5.0e-98 I 1.000e-10  5.188e-4[ ® Press "Submit"
Minimos @6 || = ¥J Show columns with constant values 21 6.0e-9/8 " ] 1.703e-1 6.956e-2  1.000e-10 5.669e-4f" E
o k] | 7.0e-9/0 )
B 002 (] show tasks overview N B H
. 2 E1 | 9.0e-9/l Ll ]
003
Script o8 g Design of Experiment
&= o0a
Vision (=[] 1o’ .f,': .
005 ol | I U
Script (e 3 K
=] oos - & ‘
2 [ e N
= . —
J Change Design of Experiment
3 o A=iREUMAY
u]
0 or: Server 1
. o)

@® Personal Local Jobserver

missing and outdated results

Dry Run

2
suome M eonea ) |||l ¥

Q
g
&)
=
<
g
0
0
4
U]
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PART 1. DOE WORKFLOW 1.5 Design of Experiment

GettingStarted_II/006 [Copy of 004] DOE, Si @m_slckness variation — GTS Framework & X

[ File v ] [ Reload ] [ Save ] [ ] ] Setup Details]’ScriptlngTScript_out
I J
imulator: Server f Task 0 1

Eﬂ Personal Local Jobserver ']

1.5.8. Check Results

® Go to the "Scripting" page

Project [E3)

| Simulator log (current StdOut/StdErr)
GettingSt... 'Il | — )
FOLT Taan £ enueu; State = TLNISHEUNOr . .
Structure EE | SE: Task 2 finished. 17 unfinished task(s) remaining... 4 [ Flnd 005 . *_Out
=) . |'SE: Task 6 ended, state = finished(0). r
= oo1 | missing and outdated results v SE: Task 6 finished. 16 unfinished task(s) remaining... " "
SE: Task 3 ended, state = finished(0).
Minimos E&® Dry Run SE: Task 3 finished. 15 unfinished task(s) remaining... ® CheCk CheCkbOX Of TranSfer all to get
SE: Task 22 ended, state = finished(0).
E 002 Submit Cancel SE: Task 22 finished. 14 unfinished task(s) remaining... a].l ﬁleS
| SE: Task 18 ended, state = finished(0).
Vision B SE: Task 18 finished. 13 unfinished task(s) remaining... " "
P, SE: Task 14 ended, state = finished(0).
003 3 == Sl UL SE: Task 14 finished. 12 unfinished task(s) remaining... ® PreSS Show results
SE: Task 7 ended, state = finished(0).
Script B Hesulls 4 SE: Task 7 finished. 11 unfinished task(s) remaining. ..
= | SE: Task 10 ended, state = finished(0).
004 (V) Transfer al| Show results SE: Task 10 finished. 10 unfinished task(s) remaining...
: SE: Task 4 ended, state = finished(0).
Vision e SE: Task 4 finished. 9 unfinished task(s) remaining...
005 ﬂ SE: Task 23 ended, state = finished(0). ﬂ
File [ SE: Task 23 finished. 8 unfinished task(s) remaining...
Script =2 = SE: Task 15 ended, state = finished(0).
005/processing_out fsl.crv A SE: Task 15 finished. 7 unfinished task(s) remaining...
E= 006 . updating SE: Task 19 ended, state = finished(0).
005/processing_out fs2.crv o] SE: Task 19 finished. 6 unfinished task(s) remaining...
updating SE: Task 8 ended, state = finished(0).
005/processing_out_fs3.crv SE: Task 8 finished. 5 unfinished task(s) remaining...
updating v SE: Task 11 ended, state = finished(0).
005/processing_out_fs4.crv SE: Task 11 finished. 4 unfinished task(s) remaining...
~ 7 updating v SE: Task 24 ended, state = finished(0).
Jd 005/processing_out_fsS.crv SE: Task 24 finished. 3 unfinished task(s) remaining... !
Q =T Updating (] SE: Task 16 ended, state = finished(0). !
| | |oosiorocessina ot fsav  calt SE Tk 20 ended, siae = mened (@)
[ Update list ] [ Delete job ] [ Abort ] SE: Task 20 finished. 1 unfinished task(s) remaining... !

SE: Task 12 ended, state = finished(0).
SE: All tasks finished, job completed.

Edit Script SE: Shutting down.
End of output log.

Edit the script file in a text editor.

Edit script = " = =

Q
g
&)
[
d
g
0
0
.J
U]
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PART 1. DOE WORKFLOW 1.5 Design of Experiment

so () GettingStarted_ll/006 DOE, Si film thickness_va['i‘;&ion. Normalized — GTS Framework: YW

1.5.9. Create Curve

E[_‘]_D ® [ File v ] [ Reload J [ Save J l SE] J Setup DetaiIsIScriptingIScript_out[Zchurves 005 !E
S— Files (data sources) i T T T T T T . T T T T i . . " " "
project B o le-0a - - 1. Right click on "GateTop" and selct "Set
GettingSt... 005/, i fslev ® @ | :
i 005/;2::2:2:::3:2:;}2;zz o ® as X axis"
Structure @& 005/processing_out fs3.crv © [
ot Dosprocassing ot fes.en & @ 2. Select "IDrain"
Minimos ~ EX 005/processing_out_fs6.crv @ X le-06 |- _
& 002 = Select logscale in Y axis
Vision (=] . . " o s
. Attribute [unit [+ o] > 4. Right click on "IDrain" and select "Line
seipt  @E||  GateTop A 1 le-ao | 4 color" in "Vary over all files" to change
&= o0a = R .
1 = colors as indicated in the figure

Vision B o
005 s U
Script (e ) 1e-121 _|
=] 006 [ same factors (*) for all files

] (V) same X/¥ selection for all files

Z

9 (Post Processing

= -

3 Functional el i

|

| Plot Range & Scale 3

E Logarithmic: [J X (V] Y D

= A

~| | M Adtoscale e L ! ! ! ! ! ! I I ! L

< (- 0.600 1601 0.4 -0.2 00 0.2 04 06 08 1.0 12 14 1.6

g t ! " . GateTop [4]

| i 1.00e-18 | .. 0.00100

U]

{ Graph | Table
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Conclus

In this tutorial, we used the Design of Experiment workspace of GTS Framework. A
workflow with structure generation, device simulation and parameter extraction was
shown, including Off-current normalization.

Further Reac

We welcome you to have a look at further GTS tutorials and examples, which

’ you can open in GTS Framework. Next to the basic ones included with

q the release, you can download more sophisticated tutorials and examples

from MyGTS at https://globaltcad.com/mygts. Extracting the archives

to your projects folder makes the tutorials visible in the projects list (highlighted yellow).
Previews are provided at http://www.globaltcad.com/en/solutions.html.

For additional information, please refer to http://globaltcad.com/ or feel free to contact
us at info@globaltcad. com.

Simulation Flow with DOE, Process and Device Splits \ )’ 45
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Appendi

ToolFolder List

The project GettingStarted_II contains the following ToolFolders (TF):

TF Tool
TO1l | Structure
T02 | Minimos
TO03 | Minimos
T04 | Minimos
TO5 | Minimos
TO6 | Minimos

_—
Simulation Flow with DOE, Process and Device Splits g/oba/x xSo/unoms

Description
Double Gate (DC) nMOS

DG nMOS, IV-curve

PostProc Param Extraction (Vth, SS, Ioff, Ion)
DOE, Si film thickness variation

PostProc - Ioff Normalization

DOE, Si film thickness variation, Normalized

o
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Introdu

This tutorial introduces the device editor integratetd in GTS Framework. It illustrates
editing device doping profiles as well as 2D and 3D device structures.

Using This Ti ial

GTS tutorials generally consist of a written description (this text) and a GTS project
(simulation data) which you can open in GTS Framework (yellow items in project list). As
shown below, we recommend to create a working copy from the project, and proceed step

by step, guided by this text. If not yet familiar, please refer to the GettingStarted tutorial.

Only a few tutorials are included with the release; the others are available via MyGTS
at https://globaltcad.com/mygts. When logged in, please download the respective file
and extract it to the gts projects folder on your PC. After restarting GTS Framework, the
tutorial project will appear in the Projects list.

1 This is an introductory (level 1) tutorial.

This tutorial was created using GTS Framework Release 2016.09. Other releases might
need adjustments or have slightly different user interfaces.

Device Editor \ )’ 1

Working in a copy of a tutorial project, you can
open the yellow Txx ToolFolders at any time. They
contain the data of the described simulations,
which you can use for reference or as starting
points for your own simulations.


https://globaltcad.com/mygts
http://www.globalTCADsolutions.com

INTRODUCTION

Full path (project folder):

/home/docubuntu/gts/Projects/GettingStarted (copy)

4

Cancel 0K

Device Editor

50 () Global TCAD Solutions Framework <2=> & &
[ TOOLS I PROJECTS SYSTEM
_ Projects 1
[ & New project J | ®iopen | show: |_] local tutorials & examples
ID  Project name Description Rating Owner Last modified
il
= MixedModel Tutorial: Mixed-mode simulation capabilities of Minimos-NT. = () 2015-02-08 15:26:36 ,‘
— gStarted Tutorial: Basic handling of the GTS framework — () 2015-02-08 15:26:39
= - DeviceEditor Tutorial: Exemplary device editing capabilities of GTS Structure, — () 2015-02-08 15:26:37
[® — DeviceSimulation Tutorial: Exemplary device simulation capabilities of Minimos-NT. = () 2015-02-08 15:26:38
5 Take a look at advanced tutorials and more examples! A
, We probably have a tutorial or example close to your field of application, Duwnload#
showing you directly how GTS Framework can help for your work.
o0 (g Open GettingStarted Y o X
3 = GettingStarted is a tutorial. What do you want to do?
* Create working co| ust look
L J { L ¢ Save new project Y @ X
Create your own working copy You will not be a ] N
and work through the tutorial. to save any chan glactinamey
GettingStarted (copy)
Project location: |
/home/docubuntu/gts/Projects Browse... ‘

L

Copy

If you have not already done so, go to the
Framework Home and locate the project
associated with this tutorial in the Projects
list, and create your working copy from it:

1. Check “tutorials & examples”

2. Click on the respective tutorial project:
Device Editor

3. Choose “Create working copy”
4. Check the project name, click “OK”

The project is created and opened, so that
you see the Project Home. — Ready to start!

A. If you miss the respective project,
please download it via MyGTS (click
“Download”, see previous page).

Alternatively, you can start the tutorial with
an empty project - just create a new project.
(The advantage of the tutorial project is that
you have the results at hand any time.)



' oy

€

In this example, we will edit the doping profile of a two-dimensional device. Changing
doping profiles will be demonstrated by introducing a threshold voltage doping to a nMOS
template. As we want to compare the difference, induced by the doping, we will start with
simulating the transfer characteristic of the original nMOS template.

It is assumed that you are already familiar with GTS Framework and the idea of projects
and ToolFolders, as explained in the Getting Started tutorial.

Device Editor


http://www.globalTCADsolutions.com

PART 1. EDITING DEVICE DOPING PROFILES

DeviceEditor - Global TCAD Solutions Framework

1.1 Use Device Template

Y © &

1.1. Use Device Template

® File v Reload Save &7 JTempIates ® ] Device T Grids ] Geometry I + J
a¥in :

Template

Project [E3) '
|

[&] Devicekdi... b TyPe: NMOS

Typ.L.: 250um 4
Structure G Sl 55
[=1 001

/home/.../nmos_0250um_2d_ortho.ipd

[ Choose device template J

Variables

gateLength 300 nm
e = Taley o v g .
drainWellLength 1.0/ 3.0 * gate...
sourceSpacerL.. 1.0/3.0 *gate...
drainSpacerLe... 1.0/3.0 * gate...
bulkThickness 300 nm
contactThickne... 50.0 nm
numPointsX 60
numPointsY 30

Create device | | Reset

Segments
| Segment | Material |
® Source Conductor A
» Gate Conductor
Drain Conductor
® Oxide Si02
® Semiconduc... Si ¥

¥
X
0
2
W
g
X
L
0
r4
9
'y
= |
-
u]
)]
Q
3
=
|
<
]
u]
|
]

|0nm |250 nm

500 nm ‘ 1.1.1.New Structure

e In your project, add a “Structure”

ToolFolder using the “Add tool” button

© We want to use a GTS-supplied device
template. Click “File » New” and
choose “Create device from template”

i @ Choose the template
“nmos_0250um=2d_ortho.ipd”

o Set the following parameters of the
template: gatelLength = 300 nm
oxideThickness = 3 nmas shown in
the figure

40e+16

-500 nm

2.07e+15

-3.278+15
-2.22e+16
-1.50e+17
-1.02e+18
cm”-3

® Click “Create device”

For information on projects, please .
refer to the Introduction (page 1).

Device Editor

After creating an instance of the
device, the transistor will be .
displayed.



PART 1. EDITING DEVICE DOPING PROFILES

1.1 Use Device Template

56 Q)
@

DeviceEdtor-Cobl T SolonsFsmewerk s

[_File v | [_Reload | [ save |

35

jSetupT Details Control | +

Project
DeviceEdi..

Structure  EE

= oo

Minimos (&

[ 002

(> Mode

v Device

P

Solver options

AC analysis

| O enbie )

Transient analysis

Iteration scheme: | DD Write quantities: | Last step | Grid: [simulationGrid v/

e h

Device parameters
==

(] Initialize with input file show: (Y] contacts (Y] semicond. (] oxides [] interf.

te
I tep

Bulk
l [Voltage Constant va... v| Value:

<
»

Device Editor

1.1.2. Transfer Characteristic

® Use the “next tool” button to create a
Minimos-NT ToolFolder based on the
previously generated nMOS

® Change the settings as shown in the

figure

® Run the simulation in the “Control”

page

How to qﬁctract the exact threshold
n the

rrent is show
ommandline

ett uant1t ies:
m de investigate

qu tltles in on-state.

rial.




PART 1. EDITING DEVICE DOPING PROFILES 1.2 Vth Implant

0o (&) DeviceEditar - Global TCAD Solutions Framework Y & X
| — . -
r\D ® || [_File v | [ Reload | | save | [ 2&7 | | Device ] Grids | Geometry | + | 1 2 Vth lmplant
i N ‘
r_]—' ~Undo Redo i X: -31.9 nm_ Y: -260 nm_ Scroll: 0.846 _ Autozoom "
Project ® Options i il -
5 becear. || " 1.2.1./Add Doping
_[ General | Snap | Image | Doping | | |
Structure X
(=] 003 @ 20 - Mode Now we are going to edit the structure. As

we want to analyse the effect of our changes,
we will duplicate the previously generated
structure tool. Changes will only be made to
the new structure tool:

(] Grid Distance [um] 20 Ej‘
Colorscheme | Grey/Red v

(V] Apply actions to connected dopants

Device

Segments &
Dopants & T Shapes #

Hide

@ Duplicate the old structure ToolFolder,
using the “Next tool” button and open
the new ToolFolder

FRAMEWORK

Add Constant Dopand
Add Rectangular Dopand

o Switch to the “Geometry” page and
choose the section “Dopants” instead
of “Segments”

Rotate 4

©® Add a rectangular dopant by
right-clicking “Dopants”

0
r4
9
=
=
<
u]
)]
a]
<
Q
=
|
<
Q
u]
|
U]

— Don’t forget to assign comments to .
newly generated ToolFolder.

Device EditOr e 6 ]




PART 1. EDITING DEVICE DOPING PROFILES 1.2}Vth Implant

fivs) DeviceEditor - Global T¢ Soliiuns Framework ONOREI) . .
- — e 1.2.2. Edit Doping Parameters
@ ® || [ Filew | [ Reload | [ save | [ 27 | [Device Grids | Geometry | +
b Undo | Redo | X 0.00nm v 0.00nm Scroll: 0.846 (_Autozoom i . .
Project @ || options l - = o Set the doping parameters as shown in
i i ( 3 “« ”
DeviceEd _[ GeneraIT Snap T Image T Doping ] l I the ﬁgure and COIlﬁI‘m W].th OK
Structure B
(=] 003 & 20 - Mode © Name the new doping area “Vth” via

0 ot ance e [0 the option “Rename” in the context

Colorscheme [Grey/Red = _——|7 ‘ ‘ menu of the new doping area in the
“Device” section of the control panel

(V] Apply actions to connected dopants [

Device
[ i
Segments & ‘ I
D ts & sh
opants T apes £ Material | Acceptor v
ﬁ Dopants
“ Source (on Semiconductor) Height [1/cm?] L 4.0el8 H B

“ Drain (on Semiconductor)

@ ConstDopl (on Semiconductor) N Function |gauss | >

© ConstDop2 (on Semiconductor)

© Deltal (on Semiconductor)

“ Rectl e
Y: lower s upper a
Z: lower s upper s

Sigmas [um} =
10

X: lower

¥
14
0
2
W
b3
g
X
L
0
Z
9
'
=
-
0
0
a]
<
Q
=
N
<
)
0
Jd
U}

Device Editor 7 L ]




PART 1. EDITING DEVICE DOPING PROFILES 1.2}Vth Implant

oo () DeviceEditor - GlobalTCAD Sol _g!lons Framework (ORI - - - - -
@ @ || [ Filew | [ Reload | [ save | [ &7 | [Dewce Grids | Geometry 1.2.3. Ed’t GPa(.l.silan D’Str’but’on
b— Undo || Redo " %: 5.70um Y: 10.6 um Scroll: 0.028 [ Autozoom f rag omes
Project ® Options I R f h
Devicekd... |} Ce o] Srap | image | Doping | 8 | . Now we want to configure the gaussian
Structure =& ’ o o . - cps
B 0os distribution and the size and position of the
V] 2D - Mode . . . .
new doping area using the drag points in the
() Grid Distance [um] 20 E WOI'k area.
Colorscheme | Grey/Red v
(V] Apply actions to connected dopants ‘ [ USB the SCI‘OH Wheel tO Zoom Out unt].].
‘ you see the whole gaussian distribution
Device of the new doping area as shown in the
0 <= = 1
Segments @ c - 5 ﬁgure
| Dopants © T Shapes # ]
(& Dopants © Make sure the new doping area is
Source (on Semiconductor)
* Drain (on Semiconductor) Selected

© ConstDopl (on Semiconductor)

“ ConstDop2 (on Semiconductor) .
Deltal (on Semiconductor) [} The round dI‘ag pOll’ltS can be used tO
Vth (on Semicondiictor) |

change the gaussian distribution of the

doping. Click, hold and move the

points with the left mouse button.

Selected: Sigma xleft: 10.0 um of Vth->Rect

¥
14
0
2
W
b3
g
X
L
0
Z
9
'
=
-
0
0
a]
g
Q
=
N
<
)
0
Jd
U}

Use the “Undo” button to undo ’
changes.

The drag points can only be moved
horizontal or vertical according to the
correspondant area.

Device Editor 8 [ ]




PART 1. EDITING DEVICE DOPING PROFILES 1.2}Vth Implant

i (g DeviceEditor - GlobalTCADSo ions Framework (ORI - - - - -
= _ S e 1.2.4. Edit Gaussian Distribution -
@ ® || [ Filew | [ Reload | [ save | [ 27 | [Dewce Grids | Geometry M
b— Undo | Redo *| x: 12,8 um Y: -5.20 um Scroll: 0.028 [ Autozoom i enu
Project ® Options I R h
. . ( .
DeviceEdt - ||| (General | snap | mage | Doping | ' | . In the previous step we have changed the
Structure =& . . .
B 0os P SO e < o standard deviation of the new doping area.
R < criconclictor B We can analyse and change the standard
e 2[5 Material (Acceptor ) deviations in the “Edit parameter...” menu as
. P |
Colorscheme %} Well.
(V] Apply actions to connected dopants ] [ e Ij E ’
| | i EICEEE o Right click the new doping area to
0 ) Sigmas [um f .
: Jbevice enter its context menu
: lower 1. i
b3 Segments & [ ° = “« . ”
g Dopants @ | _shapes # vilower | 10[5]  upper ® Select “Edit parameter...”. Here you
|| & popants Zilower 10 [5] can see the change of one sigma value,
)] “ Source (on Semiconductor) =~
z ® Drain (on Semiconductor) as we have moved the correspondent
9 © ConstDopl (on Semiconductor)
Sl s oret o sercontscton drag point (Upper “Edit Doping
| i I ” :
O [N . Parameter” menu in the figure)
) Hide
Rename...
E change Segment > ® Change the values of all sigmas to
0 Edit Material... . " .
R Edit Parameter.. o) EditDoping Parameter (v &) 0 0.002 as shown in the lower “Edit
~ Enter Size/Position e . »”
g Rotate > Segment | semiconductor Iv Doping Parameter” menu and confirm
5 ‘ g:lpellceate . Material | Acceptor Wlth “OK”
0 .

ear Sigma xleft: 1.73 um of Vth->Rect Height [L/cm?] 4.0018 B B 1Nl N h d th .
ow we have narrowe e gaussian
Function | gauss | o . . .
i, | distribution of the doping as we want to
ot [0002 5] upper ﬁ{o,m create a small Vth doping.

Y: lower  0.002 ‘ﬂ upper 0.002 ii]

Z: lower  0.002 ‘j] upper  0.002

Device Editor 9 [ ]




PART 1. EDITING DEVICE DOPING PROFILES

1.2 Vth Implant

&)

1.2.5. Edit Doping Area - Drag

o8 () DeviceEditor - Global TCAD Solutions Framework Y &

| R
® || [_Filew | [ Reload | | save | | 3&7 | | Device ] Grids | Geometry | + |
wXin) = ; —
Undo Redo X: 88.1 nm Y: -333 nm Scroll: 0.846 [_Autozoom |
Project ® Options | f
—— |

[85] DeviceEdi...

- _[ General | Snap | Image | Doping ‘ | I i «“ *

structure @@ || 7 || T o = .

[l 003

(V] 2D - Mode

(] Grid Distance [um] 20 Ej‘
Colorscheme | Grey/Red v

(V] Apply actions to connected dopants

Device

Segments &
Dopants & T Shapes #
ﬁ Dopants
Source (on Semiconductor)

Drain (on Semiconductor)
ConstDopl (on Semiconductor)

FRAMEWORK

ConstDop2 (on Semiconductor)
Deltal (on Semiconductor)

0
r4
9
=
=
<
u]
)]
a]
<
Q
=
|
<
Q
u]
|
U]

i Points I

Now we want to edit the doping area itself.
First we will do this using the drag points.

® Use the scroll wheel to zoom in

In addition to the previously used drag
points of the gaussian distribution the
doping area has four drag points, one in
i each corner:

® The square point, in the figure left
bottom, can be used to change the
position of the rectangle

o The oval point on the left top can be
used to change the size of the
rectangle only in vertical dimension

® The oval point on the right bottom can
be used to change the size of the
rectangle only in horizontal dimension

Device Editor

® The round point on the right top can be
used to change the size of the
rectangle in any dimension

To change a round or an oval drag point to
an square drag point double click the
desired point with the left mouse button.




PART 1. EDITING

T

Project [E3)
DeviceEdi...

Structure =&
003

¥
X
0
2
W
g
£
0n
Z
Q
=
u]
Jd
0
0
a]
g
=
4
<
Q
u]
Jd
(U]

DeviceEditor - Global TCAD Solutions Framework

| Filew | | Reload | | save | | 3&7 | \ Device l Grids | Geometry | + |

Undo Redo

Options

» =
X: 200 nm Y -3.94 nm Scroll: 1.858 | Autozoom

General Znap Image Dop!ng‘ \H

(V] 2D - Mode

[[J Grid Distance [um] 20 [+

Colorscheme | Grey/Red v

(V] Apply actions to connected dopants

Device

Segments @
J Dopants © ] Shapes #

[.3 Dopants
Source (on Semiconductor)
Drain (on Semiconductor)
ConstDopl (on Semiconductor)
ConstDop2 (on Semiconductor)

Device Editor

11

2a - Drag

While you drag a round or an oval point,
other significant points become blue points.
If you drag a point close to one of the blue
points it will snap and the point dragged will
become a triangle.

® Try to get the doping area into size and
position as shown in the figure. In the
next step the size and position will be
checked via the menu

Click and hold the right mouse button
in the working area to change the
area of view.



PART 1. EDITING DEVICE DOPING PROFILES 1.2 Vth Implant

p— e — - 1.2.7. Edit Doping Area - Menu
DGEI ® || [LFilev || Fioad J [save | | 2&3 | : iDevice ] Grids m] + |7 |

Project B options _— W S e We can analyse and change the size and

(& DeviceEd. Senara] smap T image [ oopmg | position in the “Enter Size/Position” menu:

Structure G

£ 003 = e ‘ ® Right click the new doping area to
S = enter its context menu
Colorscheme | Grey/Red - @ Select “Enter Size/Position”. Here you
(4] Apply actions to connected dopants can see the current position of the
doping area

Device T I —

' seqments © li © Make sure size and position are the

| popants @ | shapes # same as shown in the figure and
EDZEZ:Z (on Semiconductor) confirm with “OK”

Drain (on Semiconductor)
ConstDopl (on Semiconductor)

ConstDop2 (on Semiconductor) NOW the new Vth 1S p].aced and the gaU.SSIan
Deltal (on Semiconductor) . . . .
o Semond T distribution is set.

Hide
Rename...

Change Segment »
Edit Material...
Edit Parameter...

oo (g) Enter... @ @) X

Size-X [um]:
Enter Size/Position
Rotate Size-Y [um]:

0.001

Duplicate
Delete

Position:

X [um]: 0.2 @

[um]: -0.003 [

OK Cancel

¥
X
0
2
W
g
X
L
0
r4
9
'y
= |
-
u]
)]
Q
3
=
|
<
]
u]
|
]

erectea: Shape b int, X: 200 nm, Y: -3.94 nm, Z: 0.00

Device Editor 12



PART 1. EDITING DEVICE DOPING PROFILES 1.2}Vth Implant

S0 (o) DeviceEditor - Global TCAD Solutions Framework (SRS ) =
N = 1.2.8. Vertical Cut

@ ® || [ Filew | [ Reload | | save | [ &7 | JDevice Grids | Geometry I Cuts @ | + i

— @D Mode I i . “ 3 ”

project @ || 1 o P [250mm Eere © Switch to the “Device” page and check
B8 Deviceedu.. ||| (] view3p o ] “Net Concentration”

Structure [ [J Logarithmic Cuts1D 101

2] 003 LIEoRdizoarne ® Click on “Cuts1D” in the “Mode”

e ~ section
Number of steps IO—B oo () Edit Default Settings (OO ) .
Colorscale Rainbow v ‘ { Surface ] CutleT Points T Field Arrows ] [ ] Select the Y‘aX].S as shown in the ﬁgure
Aspect Aspect - (V] Enable  [¥] Show on own Tab and C].iCk ”OK"

Cuts

(Table | Tree | " = ® The page “Cuts” will appear next to the

-2 F— — i I ” : .
I N F —_— I Geometry” page. Switch to this page.
Attribute | Unit. B B
DonorConcentration cm”™-3 @] i
AcceptorConcentration cm”™-3 D
cm™-3 ]
TotalConcentration cm~™-3 (3]

V-pis | v) x= O 0.350 | um

¥ Miscellaneous

| Autoscale | [... Repaint
;J ) LJ -5 Optional
] Grid Deb [

ﬂj [J use z-axis

() segments |...|

) Aves @ | T T
¥ colorbar (] Segmentbar
V] Autoupdate | [ oK ][ Apply ][ Cancel ]

Transparency: RN

¥
14
0
2
W
b3
g
¥
L
1]}
Z
9
=
|
d
Q
U]
a]
g
Q
[
d
g
]
Q
<
L]
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PART 1. EDITING DEVICE DOPING PROFILES

1.2 Vth Implant

ad (g)

& -

DeviceEditor - Global TCAD Solj;inns Framework

3
©
)

Project [E5)
DeviceEdi..

Structure (=64

[&] 003

GLOBAL TCAD SOLUTIONS FRAMEWORK

Device Editor

l File v J { Reload J { Save J D] [DEVICS Grids | Geometry I Cuts @ | +
‘
Files (data sources)
r I I I I T
le+lS |-
[ cutz ° & | r
‘ —— NetConcentration [cm™-3]
Iterm |Unit | *
idx 1
DonorConcentration
AcceptorConcentration
NetConcentration L le+1B8 |-
TotalConcentration o [
=
Z
=
=
a
pa)
il
c
b=
=
5
o
=
=
o
b1
2
lel7—
] same factors (*) for all files
[_] same Xf¥ selection for all files
Plot Range & Scale
-
Logarithmic X My
[ Autoscale
¥% | 0.30 .. le+l—
| | | | | | | | | |
i | 108416 . 1.0et19 -0.273 -0.250 -0.225 -0.200 -0.175 -0.150 -9.125 -9.100 -0.075 -0.050 -0.025
y [um]
[ Options Graph | Table

1.2.9. Net Doping Profile

In the “Cuts” page choose again the “Net
Concentration” and select “Logarithmic Y”
scale. Additional to the well doping we can
inspect the Vth doping close to the Gate.

One can easily tune the doping
profile using the “Geometry” and the
“Cuts” page alternating. Change the
doping in size, value and distribution
in the “Geometry” page and check
the resulting doping profile in the
“Cuts” page.




PART 1. EDITING DEVICE DOPING PROFILES

DeviceEditor - Global TCAD Solufions Framework

1.2 Vth Implant

b (g
® || [ Filew | [ Reload | | save | [ =& | JDevice Grids I Geometry I Cuts @ I+—]

wYin) :

@0 Mode
Project = ® surface O Lines | |O nm | 250 nm
DeviceEdi... [ View 3D - | l
Structure  EE [ Logarithmic Cuts1D
[ 003 (] signed Logarithmic

@%D Style 2t (Y Choose next tool

4
13
0
2
W
3
g
14
L
0
Z
9
=
3
<
Q
0
a]
<
Q
=
]
<
u}
0
<
U]

Device Editor

Number of steps 10

Colorscale | Rainbow ™ -
1} )
Aspect Aspect I |;W o

Table | Tree

Choose the tool to use next:

by Structure

The results in this ToolFolder will be copied to the new ToolFolder,

Attribute
DonorConcentration
AcceptorConcentration
NetConcentration
TotalConcentration

¥ Miscellaneous

to be used as input for the new tool.

(®) Create new ToolFolder
(V] Copy settings from other Minimos ToolFolder

[J Grid
(V] segments |...)
V] Axes L:J

(U Update existing Minimos ToolFolder:

4

(O Duplicate this ToolFglde
L oK Cancel

500 nm

¥ colorbar (] Segmentbar

V) Autoupdate

-500 nm

5.38e+16
8.
-1.13e+15
-8.84e+15
-6.90e+16
BBl
-4.21e+18
cm”-3

1.2.10. Copy Simulation Settings

o Select the “Device” page again

® Click on the “Next tool” button, choose
“Minimos-NT”, select “Create new
ToolFolder” and “Copy settings from
other Minimos ToolFolder”

® Select the Minimos ToolFolder we have
used to simulate the transfer
characteristic and press “OK”

® The settings are taken from the
previous Minimos-NT run, so we can
run the simulation in the “Control”
page

® Switch to the “Curves” page after the
calculations are done

Compare the settings with 1.1.2 and
start the simulation in the same way.
How to run a simulation is explained
in the “Getting Started” tutorial.




PART 1. EDITING DEVICE DOPING PROFILES 1.2 Vth Implant

SN ®) DeviceEditor - GlobalTCAQ_So@ons Framework (MR \"/’v H
% Reload j [ save | ESG] ‘ ‘ [ Setup I Details T Control T Device (@ T Curves (X m 1 .2. 1 1 : open F’Ies to Compare

& | ;
N -} Minimos, 004 — 2D NMOS Vth Implant - Transfer Characteristic T & 3
Project B Tool state >> The amework is managing your files in this ToolFolder. In GTS VISIOH' you can eaSﬂy Open and
DeviceEdi... Usy% in your workflow to store variants and revisions. — CompaI‘e ﬁles from dlffel"ent TOOIFOldeI‘S .
Structure e
&= 003 open pointcloud file ® In the “Curves” page select the menu
%\Imos o Reload ® Choose file from other ToolFolder (copy settings or use input/output data) ”Flle » Open”
008 Save as... (O Choose recently-used file (from your local disk)
Screenshot... [E oo1 stuct,  0NMEs Trangl I IFimput fiets); ® Select “Choose File from other
Bxit 002 Minimos 2D NMOS - Transfer Characteristic “- [Ligipcs;devba TOOIFOldeI‘"
Setup file:

2] 003 Struct.. 2D NMOS Transistor, Vth Implant

B minimos.ipdm

vt ot Fla(s) ® In the ToolFolder list choose the one

I where you did the first Minimos
simulation

*W minimos_out_last.devbz

©® On the right-hand side, select the file

Seonsosen T open | minimos_out.crv

©® Press “Open”

Choose a file from somewhere else:

O — | Open file in addition
[ Copy+0pen... J [ Open... J to current file(s)

¥
14
0
=
W
3
g
14
L
4]
Z
9
=
]
-
0
U]
a]
g
Q
=
N
g
]
u}
]
U}

Close menu

|

V: ‘; " Nothing to display (please select item(s) for the ¥ axis).
[ Options J Graph | Table

Device Editor 16 L
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1.2 Vth Implant

SO DeviceEditor - Global TCAD Sol;ions Framework Yo &
@ = l File = J { Reload J L Save J D] [Sstup I Details [ Control [ Device @ I Curves +
‘
\—rl:l Files (data sources) H | : .
i le-03
Project o [ minimos_out.crv @ =@ }
DeviceEdi... [ 002/minimos_out.crv @ ® } |
minimos_out.crv:
Structure 6 —#— IDrain [4]
[ 003 -
T unit . [o] 002/minirmos_out.cra:
Minimos EIE Gate v 171 le-081— —#— |Drain [A]
VSource v 1]
=
0 ISource A 1
VGate 4 1L
IGate A 1L
VDrain v 1]
A Y]
¥ v 1 = le-08
v A 1 _
0 =
2 g
W Il |5
s =]
2
le-12-
L
0
i
9 ] same factors (*) for all files
=
3 [_] same Xf¥ selection for all files
o le-15
B Plot Range & Scale
[n] Logarithmic: Y L:J
<
8] V] Autoscale
=
X | 20 . 2.0 le-181—
&I | | |
o v: | 10ed8 .. 0.0010 - L 2
Gate [V]
u]
~ "
o [ Options J Graph | Table

Device Editor
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1.2.12. Compare Results

Now we just have to select the desired
values and display properties in order to
compare the differences in the transfer

characteristic. In the figure the red curve

corresponds to the output from ToolFold

er

002 - the simulation of the original nMOS

template.

Each opened file has its own
attributes, even if they share a name.
You may need to select each of the
files in the file list above the attribute
list and enable the attributes to be
shown.




Part 2

Editing Device Structures

In this example, we will edit the structure of a two-dimensional device: Starting from the
modified nMOS template with the threshold voltage doping, generated in chapter one, we
will add a poly-silicon gate segment. Next, we will carry out a simple simulation on this

device.

) ) A
Device EditOr e g/oba/XT/TA szo/ut/oﬂs - 18
o
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PART 2. EDITING DEVICE STRUCTURES 2.1 PolySi Gate

5o () DeviceEditor - Global TCAe_Sogions Framework

«
(D
x

E@ ® || [LFile > | [Reload | [ save | [ & | ‘JDevice Grids | Geometry | + ) 2'1 - POIys’ Gate
— @D Mode f ’
profect || @ surace O nes lonm 250 nm 500 nm 2.1.1./Structure ToolFolder
DeviceEdi... O iew 30 |
Structure EE [_J Logarithmic | cutsip | Cj
= 003 URluzedieoaritn e Duplicate the previous structure ToolFolder
;‘E',“:::e 55 | oom style and display the existing segments of the
Number of steps (10 v device as shown in the figure:
Colorscale Rainbow 1)
Aspect Aspect 2 ® As we want to extend our modified

device with the Vth implant, duplicate
the structure ToolFolder “003”

Table | Tree

| |

[ structure_out.devbz
v E FEaMENt s

® Use the tab “Details” to switch to the
detailed tree view

® Double-click on a tree element to open
or close the branch containing the
sub-elements

> (5 Naid
» [ PointLists (2)
» (3 LineLists (1)
» (i Dopants (6)

¥
14
0
=
W
3
i
X
L
0
Z
9
'
=
-
0
0
a]
<
Q
=
N
<
)
0
4
U}

i Ed,\écripmes ® Select the segments you want to
display
-500 nm ; i
=) Miscellaneous | To select multiple items, hold the

Shift or Ctrl key while clicking on an
additional item.

The context menus of the segments .
'Bier various display modes.

Device Editor 19 L ]




PART 2. EDITING DEVICE STRUCTURES

2.1 PolySi Gate

so (@ DeviceEditor-GlobalTCARSgl‘t!ons Framework j ) )Ry
|
@ [ File v ] [ Reload ] [ Save ] [ > ] [Device Grids | Geometry | +
< 4
» »
[ Undo || Redo X: 259 nm  Y:36.8 nm Scroll: 0.846 [_Autozoom |
Project ® Options I
DeviceEdi..
General | Snap | Image | Doping
Structure  EE
[ 003
Structure G
V] Snap to points
{1 oos
Snap to orthogonal positions
[_J snap to grid
¥
14
0 X "
> Device
S I
by Dopants @ T Shapes #
;f | Segments © I
= ﬁ Segments
)] » © Source
Z v © Gate Size:
o > Shape Size-X [um:
~ rain
S| > e oxide SizeY [um]: | 0.047
— » © Semiconductor |
?] » © Bulk Position:
a Xumi: [ 0.2 [
< v oz 3
4
<
]
0
J
Q Selected: Shape basepoint, X: 200 nm, Y: 33.0 nm, Z: 0.00 nm of Gate->Shape

Device Editor

2.1.2. Edit Shapes

Move the Gate contact to make space for the
poly-silicon segment:

® Switch to the “Geometry” page

© Shift the segment “Gate” 30 nm
upwards by using the drag-point of the
segment which is marked by a
rectangle

© Make sure the segment keeps aligned
with the oxide, which can be easily
done by activating “Snap to orthogonal
positions”

The drag point is marked by a
rectangle. To change the drag-point,
double-click th ignated corner of
the rectangle.

The size and position can also be
edited by right-clicking on the
rectangle an choosing “Enter
Size/Position” in the context menu.
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2.1 PolySi Gate

5o Q)

@

DeviceEditor - Global TCAQS@OM Framework

(File v | [Reload | [ save | [ 2& |

[Device Grids | Geometry | +
"

Project [E3)
DeviceEdi...

Structure  EE

[ 003

Structure G

[&] oos

Device Editor

Device

Undo Redo
(Lundo J

»
X: 199 nm  ¥: 51.0 nm Scroll: 0.846

Autozoom

Options

-,

[ GeneraIT Snap I Image T Doping ]

F

V) snap to points
V] snap to orthogonal positions
[_J snap to grid

Dopants @ T Shapes #
Segments &

ﬁ Segments
» © Source

» © Drain

> © Oxide

» © Semiconductor
» © Bulk

I
|
|
I
|
|
|
|

21

2.1.3. Change Size

Reduce the size of the gate segment shape:

® Make sure that one of the lower points
is the drag-point (see hint in previous
step)

© Reduce the size of the gate by
dragging one of the upper points using
the left mouse button

Depending on its relative position to
the drag point, tmints of a
rectangle offer different degrees of
freedom in movement as depicted by
its symbol. By selecting a different

drag point, the allowed moment of
the other shape}points gets modified.
o
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e R Devkebdtor-CobaTO SoonsFamewerk v
@ [ File v ] [ Reload ] [ Save ] [ > ] | [Devlce Grids I Geometry Iﬁ 2.1'4' Add Segment

»
Undo | Redo | X: -73.3nm Y: -254 nm Scroll: 0.846 | _Autozoom . .
Project options | i | Next, we are going to add the poly-silicon
. : Y
P [ GeneraIT Snap T Image T Doping ] "'nl H layer:

Structure  EE

21 003 ® Use the right mouse button to enter

g E the context menu of the list entry

V) snap to points

V] snap to orthogonal positions

<<

[ Dopants & T Shapes #

[_] snap to grid Segment
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© Rename the newly created segment to
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function of its context menu
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2.1.5. Add Segment Shape

Add a shape for the newly created segment:
o Use “Add Rectangle” of the “PolyGate”

® Use the handles to resize the

segment context menu

generated shape

@ Place the rectangle as poly-silicon layer

® Make sure the segment shape is

’Use the mouse wheel to zoom in or
out.

between oxide and contact

aligned properly to the neighboring

segments
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2.2 Edit Dopants
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2.2. Edit Dopants

2.2.1./Add Dopants

After adding the segment for the poly-silicon
layer to the device, we need to apply a
proper doping.

® Switch to the “Dopants” tab in the
device panel

® Ensure that “Color scheme” is set to
“Materialcolors”

Analytical doping profiles are defined by
DopingAreaGroups of dopant material and
shapes, similar to geometrical segments.
The red and blue lines show existing donor
and acceptor dopants, respectively. The
effective net-doping profile is presented in
the background, light-gray represents a high
and black represents a low concentration.
The green line depicts the p-n junction.

Now add the doping for the PolyGate:

® Use the context menu of the element
“Dopants” in the tree and press “Add
Constant Dopant”

©® Choose the segment “PolyGate”

©® Define the doping “Height” as
2e20 cm 3
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grid lines
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Distance”
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Nice | Parameter
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2.3 Edit Grid

2.3.4. Net-Doping Profile, 1D Cut

After creating the device geometry and the
mesh, we are going to check the doping
profile:

® Switch to the “Device” page
© Switch to the “Table” view
® Check “NetConcentration”
©® Check “Grid” to see the grid

To check the doping gradient, make a
one-dimensional cut through the device:

o Click on “CutlD” in the Mode section
o Activate a cut parallel to the Y-axis

® Define the x-position of the cut, default
is the center of the device, which fits
perfectly here

® Press “OK” to generate the cut, this
adds a “Cuts” page at the top of the
work area
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2.3.5. Display One-Dimensional Cut

To display the net doping concentration like
in the figure, perform the following steps:

® Click on the table header above the
rightmost column to deselect all
quantities (if not done automatically)

® Select the quantity “y”; right-click to
open the context menu and choose
“Set as X-axis”to plot the device
coordinate “y” on the abscissa (if not

done automatically)
® Check the “NetConcentration” quantity

o Set the “Plot Range & Scale” to
“Logarithmic Y”
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2.3.6. Copy Settings, Compare
Results

Now we want to compare the results of the
simulation of the original nMOS and the
modified nMOS with the PolySi Gate.

o Switch back to the “Device” page again

© Press the “Next tool” button, choose
“Minimos-NT”, select “Create new
ToolFolder” and “Copy settings from
other Minimos ToolFolder” (compare
1.2.10)

® Select one of the Minimos ToolFolder
we have used to simulate the transfer
characteristic and click “OK”

o The settings are the same and we can
run the simulation in the “Control”
page

o In the “Curves” page we can compare
the transfer characteristics by
selecting the desired values and
opening the previous simulations
(compare 1.2.11)
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Finally, we want to check the carrier
depletion in the poly-gate layer in on-state.

® Switch to the “Device” page

' Check the quantities
“ElectronConcentration” and
“HoleConcentration” in the quantity
table

o Select “Logarithmic” to obtain a

logarithmic interpolation

» Click on “Cutl1D” in the Mode section

Activate a cut parallel to the Y-axis

» Define the x-position of the cut, default

is the center of the device, which fits
perfectly here

® Press “OK” to generate the cut, this

adds a “Cuts” page at the top of the
work area
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2.3.8. Carrier Depletion

To plot the carrier concentrations as shown
in the figure:

‘o,

® Select the quantity “y”;
right-click to open the context menu
and choose “Set as X-axis” to plot the
device coordinate “y” on the abscissa

@ To have the surface at the left-hand
side of the plot, change the
multiplication factor “*” of the quantity
“v”to -1.0

® Check both “ElectronConcentration”
and “HoleConcentration”

o Set the “Plot Range & Scale” radio
button to “Logarithmic”

® To zoom, click in one corner of the plot,
press and hold down the left mouse
button and move to the other corner of
the plot area you want to zoom in




In this example we will extrude the 2D device, created in the last section. It will be
explained how the segments and the mesh can be extended. Simulation results will be
compared to the formerly created 2D results. Based on this newly generated 3D nMOS we
will get familiar with editing 3D devices. Step by step the simple nMOS is changed to a
STI-MOS. The Results of both 3D structures will be compared.
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3.1 Extrude Segments
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3.1. Extrude Segments

3.1.1./Duplicate, Switch Mode

The 3D device will be based upon a copy of
the 2D device with the PolyGate created in
the last section of the tutorial.

® Switch to the “Project” view and press
the “Next tool” button of the latest
2D-structure

® Select “Duplicate this ToolFolder” and
press “OK”

Switch from 2D to 3D mode:
® Switch to the “Geometry” page

e In the “Options” area switch to the tab
“General”

® Uncheck “2D-Mode”

The device panel is split into 4 views:
Top-, front-, side- and perspective 3D.

Use the mouse wheel to zoom in and
out in the 2D and 3D views.
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3.1.2. Extrude Segments

Extrude all segments:

o In the segments tree, open all
segments by double clicking on them

@ Select all shapes at the same time (see
hint below)

® Use the right mouse button on one of
the shapes and select “Extrude”

® In the dialog appearing enter the
desired width of the device: 1 um

® Press “OK”

To select more than one item, press
and hold down the Ctrl key while
clicking on additional items.
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3.1.3. Extrude Doping

Repeat the last steps for the dopants:
® Switch to the “Dopants” tab

@ Select the four non constant doping
shapes as shown in the figure (one by
one, using the Ctrl key)

© With this selection, right-click on one
of the shapes and select “Extrude”

o In the dialog appearing, enter the
desired width of the device: 1 ym

® Press “OK”

There are no areas to expand for
constant dopings.
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3.2. Edit Grid

3.2.1./Add Refinement in Third
Dimension

Do the following to add a refinement in the
third dimension:

© Switch to the “Grids” page

@ Right-click on “simulationGrid” and
choose “Add Refinement”

® Choose “OrthoGrid1D”, with size of
“Device”, and direction “z”

@ Confirm by pressing “OK”
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We will now run a device simulation on the
adapted device and copy the settings from
the 2D device simulation ToolFolder:

©® Select the structure ToolFolder “007”
and press the “Next tool” button.

® Choose “Minimos-NT”, select “Create
new ToolFolder” and “Copy settings

li from other Minimos ToolFolder”

(compare 1.2.10)

o Select one of the Minimos ToolFolder
we have used to simulate the transfer
characteristic and click “OK”

® The settings are taken from the
previous Minimos-NT run, so we can
run the simulation in the “Control”

page

Device Editor

® Switch to the “Device” page and select
the check box of the quantity
“Potential”
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3.3. STI-MOS

3.3.1./Add Trenchl

Now we want to add a SiO2 Trench to the
device, we have created in the last section of
this tutorial.

® Switch to the “Project” page and press
the “Next tool” button of the 3D device,
we have created in the last section of
this tutorial

©® Choose “Duplicate this ToolFolder” and
press “OK” to create the new
ToolFolder

® Open the new ToolFolder and switch to
the “Geometry” page

o In the “Segment” section create a new
segment and name it “Trench1”

©® Add a rectangle to the segment
“Trenchl” via the context menu of the
segment and “Add 2D Shape » Add
Rectangle”

© Place the rectangle and adjust its size.
The position and size is shown in the
figure
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3.3.2. Finish Trench

® Select the newly generated rectangle
and enter an extrude lenght of
—0.25 pm

® In order to duplicate the segment
“Trenchl”, right-click the segment and
choose “Duplicate” in the context menu

© Name the duplicated segment
“Trench2”

o Place the segment “Trench2” on the
opposite side of the device. Size and
position of the new segment is shown
in the figure

Now assign the desired material to the new
segments:

® Select both segments, “Trench1” and
“Trench2”

o Right click one of the selected
segments and choose “Edit Material...”
in the context menu

©® Press “Change” and choose “Insulator »
Si02”

We use the sign of the extrude value ’
to set the direction of the extruding.
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3.3.3. Extend Oxide

© In order to scale the segment “Oxide”,
right-click the segment and choose
“Scale” in the context menu

o Enter a scale factor of 1.5, and choose
only the z-direction

® Confirm the scale factor by pressing
enter to see the result

© Press “OK” and move the Oxide to the
position as shown in the figure. Zoom
in to make sure the Oxide is placed
correct

Use the mouse wheel to zoom and
hold the right mouse button to shift
the view.

Use the “Undo” button to undo .
changes.
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3.3.4. Extend Gate and PolyGate

© In order to extend the segment “Gate”,
right-click the corresponding cuboid
and choose “Enter Size/Position” in the
context menu

o Set “Size-Z” to 1.5 ym and the position
“Z” to —0.25 ym

©® Press “OK” and extend the segment
“PolyGate” the same way

Gate and PolyGate have to be edited
seperately, because otherwise their ‘
values for X- and Y-axis would become

the same as well.
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3.3.5. Add Substrate

We want to add Si substrate below the
trenches. This time we will generate a cube,
instead of extruding an rectangle.

o In the “Segment” section right click
the segment “Semiconductor” to open
its context menu

® Choose “Add 3D Shape » Add Cube” to
add two cubes to the segment
“Semiconductor”

® Place the cubes and adjust their size.
The position and size of the two new
cubes are shown in the figure
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3.3.9. Compare 3D Results

We will now run a device simulation on the
adapted device and copy the settings from
the 3D device simulation ToolFolder:

©® Press the “Next tool” button, choose
“Minimos-NT”, select “Create new
ToolFolder” and “Copy settings from
other Minimos ToolFolder” (compare
1.2.10)

® Select the Minimos ToolFolder we have
used to simulate the transfer
characteristic of the 3D device without
a trench and click “OK”

® The settings are taken from the
previous Minimos-NT run, so we can
run the simulation in the “Control”
page

© Switch to the “Curves” page and
display the transfer characteristic. Add
the output of the simulation of the 3D
nMOS without the SiO2 trench
(compare 1.2.11)
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Comparing Results

The preferable way of comparing results from various simulations is to add a new GTS
Vision tool. In this chapter, we will use a GTS Vision tool to compare the results of all

previous simulations.
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et New == Open input or setup file
@® Choose file from other ToolFolder (copy settings or use input/output data)
Reload (U Choose recently-used file (from your local disk)
: oart 2] UU3 STFUCT..  £U NIMUS IT&ENsISLor, VU impriant Input file(s):
rpert 004 Minimos 2D NMOS, Vth Implant - Transfer Characeris! || = minimos.devbz
S hot...
cresnshe [ 005 Struct.. 2D NMOS Transistor, Vth Implant, PolyGate ||| Setup file:
Bxit - 006  Minimos 2D NMOS, Vth Implant, PolyGate - Transfer ¢ B minimos.ipdm

Output file(s):

Copy+0pen Open «

Choose a file from somewhere else:

Copy+0pen... Open...

Close menu

(] open file in addition
to current file(s)

X |

‘V:‘

Nothing to display (please open a file or set a file visible).
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4.0.2. Open Files to Compare

In GTS Vision, you can easily open and
compare files from different ToolFolders:

® Switch to the “Curves” page
o Select the menu “File » Open”

® Select “Choose File from other
ToolFolder”

® In the ToolFolder list choose one of the
Minimos folders

©® On the right-hand side, select the file
minimos_out.crv

© Make sure “Open Files in addition to
any current files” is checked

©® Press “Open”

©® Repeat the steps to open all output
files from the 2D and 3D simulation
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50 (o)
PE— —
@ ® || | Filew || Reload | | save | | Z&] | [Devlce I PlotlD |
‘
._:I Files (data sources) i .
© Fa¥
le-03
Project o 002/minimos_out.crv ¢\®
DeviceEdi... 004/minimos_out.crv & \El
Vision =E 006/minimos_out.crv @ I@ OOSIH:g\ImDS[j:]uLCNJ
—— IDrain
= 008/minimos_out.crv @
011 ! - ,Ej 008/minimos_out.crs
010/minimos_out,crv ¢I® =
= le-061— & 1Drain [A]

GLOBAL TCAD SOLUTIONS FRAME' 'OR !

Item | Unit L]
Gate

VSource

ISource

VGate

|Gate
\/Drain

] same factors (*) for all files

[_] same Xf¥ selection for all files

Plot Range & Scale

le-08 -

IDrain [4]

le-12|-

le-15|-

Lagarithmic: X My L_J
V] Autoscale
% =20l . 20 1e-1a—| ‘ |
¥: 1.0e-18 .. 0.0010 i b vcat0 vl
e
Options Graph | Table
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4.0.3. Compare Output Curves: 2D,
3D

All output files are now loaded. To display
the transfer characteristic configure the
output as follows:

© Click on the table header above the
rightmost column to deselect all
quantities

o Select the quantity “VGate”; right-click
to open the context menu and choose
“Set as X axis”

©® Check the box beside “IDrain” to show
the drain current over the gate voltage

o Set the “Plot Range & Scale” to
“Logarithmic Y”

® Use the “Visibility” button, next to the
file names to select which curves you
want to display

In the figure we compare the results of the
2D device with the 3D device, both with Poly
Gate and Vth implant. They yield the same
result.
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o () DeviceEditorfGlobalTCAESnl ions Framework G
_ — el 4.0.4. Compare Output Curves: 3D
r@ [ File = J [ Reload J { Save J l ] J [DEVICE I PlotlD | +
— Files (data sources) R : » TrenCh
Project 002/minimes_out.crv Q\@ te-03- ]
e :E ' SoomirmeRlauEe Finally we compare the results of the 3D
Vision 3| minimos_out.crv . i . . .
el ooBiminimas. out.cr ella w o device, with and without the SiO2 Trench.
010/minimos_out.crv @ = [EINGEROTE. Crv: .
> le-esl- — 1oran 4] - Few changes to the settings have do be done,
to obtain the graph, shown in the figure.
Iterm | Unit s
Gate \
VSource v
NS Je-ts]- i Choose “File » Screenshot. ..” to .
14 A = .
0 v = save the plot as an image file.
E A 5
¥ X B I
2
L le-12- =
0
Z
9 ] same factors (*) for all files
S [¥] same X/¥ selection for all files
J le-15 —
E] Plot Range & Scale
a} Logarithmic: %{ﬂ Y D
E] V] Autoscale
. X | 20 . 2.0 le-18— —
- | | | | |
E v: | 10ed8 .. 0.0010 2 -1 vcatg - 1 2
0
E [ Options J Graph | Table
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Conclus

In this tutorial, the 2D and 3D device editing capabilities of GTS Structure have been
introduced. First, an nMOS transistor, created from a template, has been modified. A
threshold voltage doping has been added and the Gate contact has been changed to a
PolySi gate.

In a further step, the 2D device was extruded to a 3D device. This new 3D device was
modified further to simulate an STI-MOS transistor. Finally, the results of the various 2D
and 3D devices have been compared.

Further Reac

We welcome you to have a look at further GTS tutorials and examples, which

’ you can open in GTS Framework. Next to the basic ones included with

q the release, you can download more sophisticated tutorials and examples

from MyGTS at https://globaltcad.com/mygts. Extracting the archives

to your projects folder makes the tutorials visible in the projects list (highlighted yellow).
Previews are provided at http://www.globaltcad.com/en/solutions.html.

For additional information, please refer to http://globaltcad.com/ or feel free to contact
us at info@globaltcad. com.
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ToolFol:

The project Devic

TF Tool
TO1l | Structure
TO02 | Minimos
TO3 | Structure
T04 | Minimos
TO5 | Structure
TO06 | Minimos
TO7 | Structure
T08 | Minimos
TO9 | Structure
T10 | Minimos
Tll Vision
Device Editor

=
St

contains the following ToolFolders (TF):

Description

2D NMOS Transistor
2D NMOS - Transfer Characteristic

2D NMOS Transistor, Vth Implant

2D NMOS, Vth Implant - Transfer Characeristic

2D NMOS Transistor, Vth Implant, PolyGate

2D NMOS, Vth Implant, PolyGate - Transfer Characteristic

3D NMOS Transistor, Vth Implant, PolyGate, extruded

3D NMOS, Vth Implant, PolyGate - Transfer Characeristic

3D NMOS Transistor, Vth Implant, PolyGate, Trench

3D NMOS Vth Implant, PolyGate, Trench - Transfer Characteristic
Compare All Results
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Introdu

Using This Ti

GTS tutorials generally consist of a written description (this text) and a GTS project
(simulation data) which you can open in GTS Framework (yellow items in project list). As
shown below, we recommend to create a working copy from the project, and proceed step

by step, guided by this text. If not yet familiar, please refer to the GettingStarted tutorial.

Only a few tutorials are included with the release; the others are available via MyGTS
at https://globaltcad.com/mygts. When logged in, please download the respective file
and extract it to the gts projects folder on your PC. After restarting GTS Framework, the
tutorial project will appear in the Projects list.

1 This is an introductory (level 1) tutorial.

This tutorial was created using GTS Framework Release 2016.09. Other releases might
need adjustments or have slightly different user interfaces.

Device Simulation \ )’ 1

Working in a copy.of a tutorial project, you can
open the yellow Txx ToolFolders at any time. They
contain the data of the described simulations,
which you can use for reference or as starting
points for your own simulations.
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INTRODUCTION

Global TCAD Solutions Framework <2>

&) N7
[ TOOLS I PROJECTS SYSTEM
_ Projects 1
[ ] New project J [ & open | show: |_| local tutorials & examples
ID  Project name Description Rating Owner Last modified ;
il
= MixedModel Tutorial: Mixed-mode simulation capabilities of Minimos-NT. — () 2015-02-08 15:26:36 ,‘ ;
— gStarted Tutorial: Basic handling of the GTS framework — (..) 2015-02-08 15:26:39
[& — DeviceEditor Tutorial: Exemnplary device editing capabilities of GTS Structure. — () 2015-02-08 15:26:37
—  DeviceSimulation Tutorial: Exernplary device simulation capabilities of Minimos-NT. = () 2015-02-08 15:26:38
plary P
5 Take a look at advanced tutorials and more examples! A
, We probably have a tutorial or example close to your field of application, Duwnload#
showing you directly how GTS Framework can help for your work.
o0 (g Open GettingStarted Y o X
3 = GettingStarted is a tutorial. What do you want to do?
Create working co| ust look
* g copy J J v Save new project OF A2
Create your own working copy You will not be a ] N
and work through the tutorial. to save any chan glactinamey
GettingStarted (copy)
Project location: |
/home/docubuntu/gts/Projects Browse... ‘
Full path (project folder):
/home/docubuntu/gts/Projects/GettingStarted (copy)
Cancel 0K
-
v
Device Simulation

Copy

If you have not already done so, go to the
Framework Home and locate the project
associated with this tutorial in the Projects
list, and create your working copy from it:

1. Check “tutorials & examples”

2. Click on the respective tutorial project:
Device Simulation

3. Choose “Create working copy”
4. Check the project name, click “OK”

The project is created and opened, so that
you see the Project Home. — Ready to start!

A. If you miss the respective project,
please download it via MyGTS (click
“Download”, see previous page).

Alternatively, you can start the tutorial with

an empty project - just create a new project.
(The advantage of the tutorial project is that
you have the results at hand any time.)



T N

In this example, we will set up steady state simulations. In order to gain convergence
performance, we will show how results from one simulation can be used to initialize
another one. The imported values will be used as initial guess for the Newton solver
allowing fast and reliable convergence.

This feature is very convenient for large devices with a high number of mesh points, when
simulations start at or near already calculated operating points. It is also very useful when
encountering poor convergency behavior.

Furthermore we will implement quantum tunneling through the oxide and take a look at
the resulting Gate currents for different Drain voltages.

It is assumed that you are already familiar with the main concepts of GTS Framework and
the idea of projects and ToolFolders, as explained in the “Getting Started” tutorial.

Device Simulation
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PART 1. STEADY STATE SIMULATION

1.1 Transfer Characteristics

0o (o) 1
] - Reload

& °|

Project [E3)
MyGetting...

Structure

=] 002

¥
14
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W
b3
g
X
L
0
Z
9
'
=
-
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0
a]
<
Q
=
N
<
)
0
Jd
U}

Device Simulation

MyGettingStarted/002 My NMOS, lg:ZSOnﬂkox:Snm — GTS Framework o) )
Save >E] ‘ [ Device | Grids | Geometry | +
»

F_- 002 Structure. My NMOS, lg=200nm, tox=3nm

Tool state == & GTS Framework is managing your files in this ToolFolder. 0.5 um
== 9
Use ToolFolders in your workflow to store variants and revisions. Manual

Create new Device
Open
Merge...

1 Reload
Save
Save as new ToolF,
Export...
Screenshot... Global TCAD solutions provides scalable device templates, ﬂ
which you can use as sample devices.
Exit The templates contain variables which you can adjust
when creating the device.
Create device from template }

Alternatively, when running in framework-mode, you can re-use a device from another folder or

ToolFolder.

To do so, please choose File -> Open, and choose a device that you want to copy into this folder.

BleArdEvice This deletes segments, dopants, quantities of the work device.
Referenced devices will remain open for use in the new device.
Clear all This clears the work device and removes references to all additional devices
which you might have opened to copy data from.
Close menu
@ Segments@ a Segmentbar
(V) Axes ()
V) colorbar |...)
V] Autoupdate
210 e

1.1. Transfer Characteristics

1.1.1./Device

e In your working copy of the Device
Simulation tutorial project, add a
“Structure” ToolFolder

o Click File, New, Create Device from
Template

® Choose the nMOS device template
nmos_0250um—2d_ortho.ipd and
create the device

® Click the NextTool button, and Yes to
save

o In the NextTool dialog, choose Minimos

For details, please see the Getting Started
tutorial.
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56 Q) DeviceSimulation/T02 Transfer (Ilarac@sti(—cTS Famework | e (OO .
g Save bE ‘J Setup I Details T Control T Device E]T Curves + 1 N 1 - 2' Setup ’d”n’ ’dsat
=2l | Solver Options i .. .
Project S5 Device _ — ©® Set up the Minimos-NT tool to simulate
Devicesim... || [ Iteration scheme: LDD——V] [ Direct solver: 4| core(s) I . .
structore B8 AC Analysis S stesingOptions transfer characteristics (see figure for
St ing Opti .
o con =C e = settings and voltage ranges)
. (®) Linear Steps
- Transient Analysis O Logarithmic Steps o« . s ”
S0 [ O ot e oo ® Make sure to set “Write quantities” to
Slot: “Last step”. This last step at maximum
Device parameters (~Device loaded from /home/docubuntu/release-gts-2016-09 . .
[(Drate e S e S Gate and Drain voltage will be used to
show (4] contacts () semicor _Step Control initialize the next simulation.
[ Source () Minimum Step 0.2V

@~ Simulator: Local

() Maximum Step 0.2V ‘

‘ The Drain Véltage stepping is set up
- cate | 7 7 to . n at I0.05V mme 1n.11near .
e region and at 2V to ulate in

(> Simulator: Server

saturation region.

Stepping Options J
() Linear Steps |
O Logarithmic Steps

Priority: | 4 v

Slot: default |

(] Reset Quantities

Step Control

(J Minimum Step  1.95

(] Maximum Step 1.95V

Device Simulation 5 e ]
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oo () DeviceSimulation - Global TCAD Solutions Framework Y © X
P— (iia=s) (smsied) (5] (Wi | { I I - I ]j 1.1.3. Results
G 3] i oa ave | ! Setup | Details | Control | Device ® | Curves @ | + )
r_]—‘{j ) Quick-Files i i . “« ”
Project thomel...s/Projects/Devicesimulation/002 || [0 nm [250 nm 500 nm © Switch to the “Control page and run
Devicesim... minimos_out_last.devbz 'JB h | the Slmulatlon
Structure EHE Drain =2V, Gate =2V
0 nm . . g .
=] 001 — ® Check the distributed quantities of the
. EE S — . L] M " . ”
" @ surface O Lines last simulation step in the “Device
002 (] View 3D

Logarithmic CutslD LJ page
(] signed Logarithmic
©® The upper part of the figure shows the
DeviceSimulation - Global TCAD Solutions Framework 1 dlStl"lbuthIl of the electron
[ Filew | [ Reload | | save | @l | [Setup Details { Control | Device @ | Curves @ | + COIICGIltI‘atIOIl in a logar].thmlc Scale
Files (data sources) [ | I i i : I : i i i : I
Project & || [ minimos_out.crv °® ) e o The lower part of the figure shows the
DeviceSim... . d 1 h f
—— settings to display the transtfer
2 oo1 tem. imE) 1‘6‘ characteristic in the “Curves” page
Minimos (B Gate v 1 le-06—
002 lource A s ) . S
G Y iH Right click the legend to hide it, or to
i 5 i move it to a desired location. If no
VBulk v 1 4 A 3
| A e | HER 5 legend is displayed one can access it
0 = 4 4 a .
: 5 by right clicking in the area of the
P 2 graph.
E le-12|-
0
Z
Q (V] same factors (*) for all files
S (L) same x/v selection for all files |
3 | le-151
a Plot Range & Scale y
Q O Linear (® Logarithmic -
E (V] Autoscale
- X: 0.50 .. 2.0 le-18—
-l L ! I | | | | I I I I
< v Loeis 0.0010 -8.50 -0.25 0 8.25 ©.50 @75 1.80 1.25 1.50 175 2.0
' . " - Gate [V]
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=0) DeviceSimulation - Global TCAD Solutions Framework OIoI%) . .
o ©] Lten (o] (smn ] (35 || [ [ow [covs ] | ‘ 1.2. Impact lonization
P':ec't = = M°".e | sower options | N L ) )
]DeviceSim... L i | lteration scheme: (DD v  Write quantities: |Last step v|  Grid: |simulationGrid ¥/ 1.2.1./Initialize With lnPUt File
Structure EXE i - AC analysis .
= oo U enable 9 For analyzing the changes in the device if
"::25 =g Transient analysis the impact-ionization model is included, a
—_ Lfpriable ) new Minimos-NT ToolFolder will be added.
003 Device pail NN The simulation will be performed at the

‘@ Intialize with input file show. (4] contacts W) semicond. (] oxides (] interf Drain and Gate voltages from the final step

Gate * t 2 in the previous simulation. To optimize
I |Voltage ¥| | Constantva.. v| Value: 20| v i

simulation time and convergency, the results
of the previous simulation will be used to

Err— o initialize the new simulation:
B |Voltage | | Constant va... ﬂ Value: 20|V v

® Create a new Minimos-NT ToolFolder

@~ Simulator: Local

(> Models

% Simulator: Server (= _J Models
using the “Next tool” button of the
localhost w : 1 . .
| SR previous simulation (and not of the

Impact ionization Generation / recombination GTS Structure tOO].)

( Submit Cancel
Drift-diffusion: Ltm .
{ O Simple : ® Select “Create new ToolFolder”, “Copy

18 iy v settings from ...”, and select the
previous Minimos-NT simulation run,
which is ToolFolder “002” in this
tutorial, as copy source

V) shockley-Read-Hall: Ltm

[ Auger recombination:  Const

B¢

¥
14
0
2
W
b3
g
X
L
0
Z
9
'
=
-
0
0
a]
g
Q
=
N
<
)
0
Jd
U}

® Activate the “Initialize with input file”

© Change the rest according to the figure
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oo (&) DeviceSimulation - Global TCAD g;xtions Framework ] ONOREY) -
: . X 1.2.2. Analyze Performance Gain
rﬁ:‘ ® [ File v ] [ Reload |  save | a7 | [ Setup I Details I Control I Device @ I Curves ®
‘ H
— @ Simulator: Local ’ simulator log (current StdOut/StdErr) k
project @ || [ ] Starting the simulation with the given
| I Tue Apr 24 14:38:49 CEST 2012
Do ] ATy e Ter S . .
el ——— = Py rdnos i 2.2 options leads to the output in the upper half
Structure EX Ui L e
e e .
| Opening device file 'minimos.devbz'
&5 oo 1o e oot - of the figure. For a comparison, rerun the
i . Blockname Size Num d,Scheme it Update Update Norm s : : : “« g :
Minimos @@ || S Simulator:Server || OO T MM CmemO RO R OB 8 simulation without the check-box “Initialize
& 002 DD- 5370 1 177 1.0e+00,P 0 6.6e+00 1.4e+21 2.3-06 0.2 ! i . . i
localhost v DD- 5370 2 17T 1.0e+00,P 0 1.1e+00 1.4e+ll 1.9e-09 0.4
5] e S3g) 2 1 e with input file” and the simulator output will
e 0 i DD- 5370 4 18T 1.0e+00,P 0 5.le-02 2.4e+01 1.5e-10 0.7 .. .
R DD- 5370 5 16T 1.0e400,P 0 2,3e-02 4.4e+00 7.5e-11 0.9 be similar to the lower half of this figure.
- 0D- 5370 6 10T 1,0e+00,P 0 1.5-02 1.1e+00 4.9e-11 1.0
Submit J Cancel DD- 5370 7 9T 1.0e+00,P 0 9.5¢-03 3.3e-01 2.6e-11 1.2
é l DD- 5370 8 10T 1,0e+00,P 0 5.4e-03 1.le-0l 1.2e-11 1.4
“d DD- 5370 9 10T 1.0e+00,P 0 2.8¢-03 4.2e-02 4.8e-12 1.5 s
Bl > Results 0D- 5370 10T 1.0e400,P O 1.4e-03 1.7e-02 2.5e-12 The absolute performance gain in the
2 = DD- 5370 @1(” 1.0e+00,P O 6.6e-04 7.9e-03 1.7e-12 ] .
| oisplayupcte the resuts whiethe | . Il example is low, but it becomes
q simulator is running. ...................................... 3 .
¥ Source: V = 0.0000000000e+00V I -5.4789562042¢-17C substantial in Complex structures.
Show results Gate: V=2, 00V I b . 7984002824e-15C Il
DeviceSimulation - Global TCAD Solutions Framework .
r@ ® @ M Save Li] [ Setup I Details I Control I Device I Curves I + ]
<
== @=> simulator: Local * ™ Simulator log (current Stdout/Stdern In complex structures it might be
-
Project = oo~ T TETUL;T o 0 . .
\ —— o0- 5370 ge-01,P 68400 0.5 hard to directly simulate at boundary
DeviceSim... DD- 5370 .2e-01,P %-01 0.7
EEEEE— DD- 5370 6e-01,P 4e-01 0.8 sps :
structre 0@ Run stop o = by T e conditions and contact potentials far
B3 001 [ DD- 5370 2e-01,P 4e-01 1.0 f ilibri p di
DD- 5370 4e-01,P 3e-01 1.1
o ) Simulator: Server gg_ gg;g ée'gi'i ge_gg 1§ away Irom equiliprium. rreceding
,C " 01, = ; . d_ona_g .
00- 5370 0e+00,P 3 15 steppings and the use of initialization
localhost ]:J DD- 5370 0e+00, P 0e-07 1.6 . .
. - DD- 5370 0e+00, P 6e-08 1.8
Minimos ‘ : iy . poicala P 18 procedures are required to improve
DD- 5370 0e+00, P 7e-09 2.1
————————— DD- 5370 0e+00, P 8e-09 2.2 convergency.
Submit Cancel DD- 5370 0e+00, P Se-10 2.4
| DD- 5370 0e+00, P %-10 2.6
x DD- 5370 0e+00, P 8-10 2.7
Y| === resurs Do- 270 0e100.p an 30
- e+ A e- .
ol [ _ il |- 5370 0e+00, P 8e-11 3.2
s Display/update the results while the DD- 5370 0e+00, P ge-11 3.3
< simulator is running. DD- 5370 0e+00,P 2e-11 3.5
4 DD- 5370 0e+00,P Oe-12 3.6
N Show results DD- 5370 0e+00,P 6e-12 3.8
| DD- 5370 02400, P %e-12 9
[} DD- 5370 0e+00, P 8e-12
E (i\ Miscellaneous evice" Quantity Informatiol
= Edit the simulation settings file (IPD) in Source: ,0000000000e+00V I =-4,834849063%-04A Q =-5,4789562698e-17C
J a text editor. Gate: . 00V I = 0. 00A Q = 2.7983937193¢-15C
Draint ,0000000000e+00V I = 4,8727941006e-04A Q =-4,3832050423¢-17C
0 T Bulks . 00V I =-3.7945045662¢-06A Q =-4,6043187757e-18C
o | (SsdtipDa General: n= 3.8490683e+06V/cn Is= 2.1218175320e-194 Qs= 2.6951677874e-15C
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PART 1. STEADY STATE SIMULATION 1.2 Impact lonization

56 (o) DeviceSimulation - Global TCAD SoTutionsFramework Y & X
e -
[_, @ || [ Filew | | Reload | | save | sl I Setup I Details ] Control I Device@] Curves IZ]] +

-0 — ; ,

— ¥ ) Quick-Files

Project Ihome/...s/Projects/DeviceSimulation/002 || [0 nm [250 nm 500 nm

DeviceSim... minimos_out_last.devbz '“j [

Structure EHE Drain =2V, Gate =2V ‘

0lnm
001

= ¥ Mode

Minimos B B al

i (®) Surface () Lines

002

[J view 3D

(V] Logarithmic cutslD | [ .. |

(lSianad — el
DeviceSimulation (copy)/001 [Saved from T03] Simulate I, input from T02 — GTS Framework:

File v Reload Save 2] { Setup ] Details TControl I Device I@I Curves @ | +
«
>

7% Quick-Files

Project ® /homey...cts/DeviceSimulation (copy)/001 | 0 nm I 209 Gy B \
DeviceSim... | minimos_out_last.devbz jB
Structure  EE o =2

[ 001
Minimos
002

T% Mode

(@ surface () Lines
(] view 30 nm

Logarithmic Cuts1p

(] signed Logarithmic

Minimos
003

¥
[ w ) Style
0 a0 izati i (on i ) Yo
E Table | Tree T Filter 1 [—Tsurface cha il
3 impact Style Value range
é . O Surface coloring | V] Autoscale
L Attribute | Unit o | . 1 |
= = IS0 lines visible | 1.200359E16 to 1.200359E31
———————— —
0 Display Settings... Plot ISO Line at value oo @ 3
% ::fs‘;;ct Lighting Clip out of Range N
= Transparency
~ Reset to default e BColoriscalol 18
3 Check selected ) Colored IS0 lines 3 @ Number of steps 10 X 17
Uncheck selected —

g Al Il () None Color scale Rainbow v 19

v i2e+13
Q Copy Sfttings il V] Logarithmic (] Signed Logarthmic V) Show 70412
< Paste Settings | 410
[&] Optional
= - T j2e+08

LJ Use z-axis
i| __400 | - - 7e+07
m He\‘ﬁ\( LU e P L Y B B UEREFEIERE L I I A I B | 7e+05
0 =
-
S A

\WHl| =0 Miscellaneous e JIC B I el )
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1.2.3. Results

Compare the simulation results with and
without impact-ionization. The Drain current
increases by 10% as can be seen in the table
of the output quantities located on the
“Curves” page.

The figure shows two screenshots,
the upper one without and the lower
one with impact-ionization. In both,
the surface color shows the electron
concentration. In the lower one,
additionally the iso-lines of the
impact-ionization generation rate are
shown. The settings for this can be
found using the “Display Settings”
command from the context menu of
the respective quantity. There, you
can also switch off the ISO lines, as
was done for the electron
concentration. All scales are
logarithmic.



PART 1. STEADY STATE SIMULATION 1.3 Oxide Tunneling

o) DeviceSimulation (copy1)/001 :i:TS Framework I | (SR Q&| - -
@ || [_Fie~ Reload | | save | | 3&] | Setup | Details I Control I Device ® I Curves B | + ‘ 1 - 3 - ox’de Tunnel’ng
rﬁ‘__] : ob () Stepping Options (ORI
Project = =i Solver Options Stepping Options
roje ~  Device ( —_ ) 2 | .
Devicesim.. || [ ||| | terstonschemes (oD ¥] o) LIPS ! 1.3.1./Setup Quantum Tunneling
| Logarithmic Steps
Minimos (B eI lyais Pri m (i t I
004 D £ nable riol d innermost I... : .
Sioti [ defaut 2 Set the voltage ranges and activate
Transient Analysis » N . ..
O erabie ) e Qe tunneling in a new Minimos-NT ToolFolder:
Step Control ..
Device parameters (~Device loaded from /h u/gts/Project: i O Minimum step [01V ) ® Create a new MlnlmOS'NT TOOlFOldeI'
| (] Initialize with input file Write quan B e e BV by uslng the llNeXt TOO]." button Of the
show: (V] contacts C] semicon L 3 3
5 original structure, created in this

{ f Gate — .
@ Simulator: Local | Voltage %ep \!E -2.0 [ 201V Step: o.1s & V) output VA1 () tutorial

' N o In the “Device Parameters” panel,

E—— Drain
un stop Votage ]I, :é‘. o ool zofv St & output v (. check the “oxides” filter to display the

A, — . W stepping options(v) ) Oxide segment. For the Oxide segment,
Bulk Steppmg Options . .
(vatags [ejl(constant va.. |uJOVRE ool @ Linear Steps activate tunneling for both electrons
O L ithmic Sti
(> Models and hOleS
Oxide .
*@Electrontunneling \E]Huletunneling el Sdefault _ [ J Set Gate and DI‘aln VOltag'eS as ShOWIl

() Reset Quantities

in the figure

¥
¥
0
=
W
3
g
x
L
0
Z
9
=
J
<
0
U]
a]
<
Q
=
<
<
]
0
]
U]

Step Control
p

Bl ster BTN | ® Assign —0.55 €V to the work function
(J Maximum Step 1.0V difference E of the Gate contact
(cancel ] [_ok_] (relative to the substrate)

e Finally make sure the stepping priority
for the Gate is higher than for the
Drain. To do so, check the priority in
the respective Stepping Options via the
“...” button of Gate and Drain

Run the simulation
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PART 1. STEADY STATE SIMULATION 1.3 Oxide Tunneling

0o (g DeviceSimulation - Global TCAD S;”utionsFramework (ORI
— ——m—— s o 1.3.2. Results
@ ® || [ Filew | [ Reload | [ save | @ [ Setup I Details T Control T Device @ ]’ Curves @ | +
— Files (data sources) K I I I = = b
s s “" ” 3
:)ject 8| | (minimossutay oa) le-10- - Switch to the “Curves” page and inspect the
W Device Sy ' Gate current, depending on the Gate voltage.
Minimos & [ p g . g
B3 o0 ttem ot [x ol Three curves are plotted, corresponding to
Drain v 1 le-15— — . .
Gate v ! the different Drain voltages 0V, 1V and 2V.
ource
iy v 1
[Er— 8 eml | To check the exact values for
IDrai A 1 . .
. [ v : different Drain voltages one can
v 1Bul A 1 _ . ” . .
0 =z switch to the “Table” section (instead .
- e == T of “Graph”) and add the Drain
s voltage to be plotted.
L
szl le-30|- _
g .
—~ (V] same factors (*) for all files A . 9
'5 (L] same XY selection for all files A hlgher tunne]']'ng Current' eSpeCIally
3 le-3s| 4 for V3 = 2 Vin the region of negative
I Plot Range & Scale
a m — Gate voltage, occurs due to
§ ) Autoscale accumulation of electrons close to the
ol > 20] - 20 . | | . L Drain area.
v 1.0e-40 . 1.0e-10 - 1 Gm"m P 2
0
S l Options J Graph | Table
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In the transient simulation mode, the semiconductor equations are solved including the
time derivatives. In the following some switching examples will highlight how this mode
can be applied.

In the transient mode, the input values at time zero are solved as a common static solution,
for times greater than zero, the time dependency becomes relevant. For entering time
dependent boundary conditions, the variable ~Solve.time holding the current time can be
used.

Using self-heating in the device simulation includes temperature increase in the lattice
due to ohmic losses leading to a non-constant temperature distribution within the device.
To account for these effects, the heat-flow equations will be solved self consistently with
the semiconductor equations. Many model parameters like the mobility, for example, are
influenced by the local temperature.

Using self-heating requires the additional definition of thermal boundary conditions.

Device Simulation
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PART 2. TRANSIENT SIMULATION MODE

2.1 Switching With Contact Resistance

uo (G DeviceSimulation-GlobalT(éD gutions Framework (ONONE]
® || [ Filew | [ Reload | [ save | [ 27 | jSetup I Details I Control | +
»
== )
Blode Solver options
Project ® ~ Device | ) A ] -~ : _ : n :
Devicos e j ] Iteration scheme: | DD v Write quantities: |First step v|  Grid: |simulationGrid ¥/
Minimos & | ’ AC analysis
[ o0s [[J enable

¥
14
0
=
W
3
i
X
L
0
Z
9
'
=
-
0
0
a]
<
Q
=
N
<
)
0
4
U}

Device Simulation

% Simulator: Local

Transient apalysis

© [¥) enable Time: |step

(L] skip static analysis, use init values from file

Device parameters

=
show: (Y] contacts (V] semicond. [_] oxides (] interf.

s |l

(] nitialize with input file

Gate

Run Stop

localhost ILJ ‘

[ ]

Submit ]

Cancel

| Voltage v Generic expr. ¥/ |f(~Solve.time > 0s && ~Solve.time < 10ps, l (V) output VI L)

¥ Models
Thermal

[ set:

Contact

T=300.0 K Rth= 0.0 % 055 eV R= 0.0 Ohm L
Drain

|Voltage |v| |Constantva... |v| value: 30|V
(> Models

Rull

13

“enable” check-box in the “Transient analysis

2.1. Switching With Contact
Resistance

2.1.1. Setup Transient Simulation

Use the original structure generated in this
tutorial and create a new Minimos-NT tool
folder. The time dependent transient
simulation can be activated using the
section. Change the other settings as shown
in the figure. The expression
if(~Solve.time > Ops && ~Solve.time <
10ps, 3V, 0V) generates a single
rectangular switching cycle raising from 0 to
3V at time zero and back to 0V at time 10 ps.

Note that the r@@ed expression
if(~Solve.time < 10ps, 3V, 0OV)
would use 3V for the initial static
simulation and thus result in the lack
of a rising edge at time 0 ps.

Click “Run” to start the simulation.




PART 2. TRANSIENT SIMULATION MODE 2.1 Switching With Contact Resistance

5e) DeviceSimulation2016/006 Switching NMOS with Rdrain — GTSFramework Yo
| ——|

g [ File v ] [ Reload ] [ ] ] ‘J Setup I Details T Control T Device E]T Curves + 2. 1.2. Add ContaCt Res’Stance
S)GLED I Solver Options I
Project v Device _ — 7 Next, we want to survey the influence of a
Devicesim... || [ Iteration scheme: | DD > (] Direct solver: 4| core(s) i K . . .
T | . resistance in the Drain contact which also
] oos | Oenatie influences the current peaks during the
TransionlBnstysis ‘ input voltage shoulder.
(¥ Enable  Time: |step M 0.0 ... 20.0 ] ps Step: ps (CJ
(L] skip static analysis, use init values from file J TO pl"eserve the eXlStlIlg I'esultS, we Wl].].
Device parameters (~Device loaded from g i devbz) Contlnue i a new TOO]'FO]'der:
(] Initialize with input file Write quantities: [Flrst step E.] Grid: [slmulatlnnGrld E] 1 GO baCk to the Setup page
I show: (/] contacts (V] semiconductors (] oxides (] interfaces n ’
s iultor[ocal . 2. Click the orange “Next Tool” button
[ ]
. 3. Select “Duplicate this ToolFolder”

4. Click OK

“ ||| = simulator: Server

A new ToolFolder, containing a copy of your
previous data, is created and opened. In the
Setup page, the said resistance can be
introduced:

1. Enter the resistance as marked in the
figure.

2. Run the simulation

Device Simulation 14 oy ]




PART 2. TRANSIENT SIMULATION MODE 2.1 Switching With Contact Resistance

5o () DeviceSimulation - Global TCAD gutions Framework

Yo w
— 2.1.3. Results
E@ ® File v Reload | | save | @i [ Setup I Details I Control T Device @ T Curves @ | +
— Files (data sources) K I I ; I = = I - »
project @ ‘ e — 0.003- 4 The switching behavior can be plotted using
.Devicesgé 005/minimos_out.crv o s ot the “Curves” page. The output of the
inimos il . . . . sy
- — il simulation with and without the additional
005 = | nit . [o] 005/minimos_out.crv: . . . )
Minimos B | time 5 1 0,002 —#— IDrain (4] i resistor can be combined using the “File »
VSource v 1 ” . . “ ”
(&8 ocs souce 4 ) Open” dialog in the “Curves” page.
ate
1Gate A 1
VDrain \' 1
 Drain A |
Y VBulk Y 1 0,001 — T
[ 1Bulk A 1 -
0 =
s e I
g
: o :
0
Z
9 (V) same factors (*) for all files
S (] same X/ selection for all files
3 | -0.601 - .
8 Plot Range & Scale
Q @ Linear (U Logarithmic
< hdanialbd
%) V] Autoscale
- % | 0.0 . 2.0e-11 -0.002— 9
| I I 1 I 1 | ! I
E() v. | 2.00%0] . 5,000 [ 2.50e-12  5.00e-12 7.50e-12 tlmtzee[slll 1.25e-11 1.50e-11 1.75e-11
Q
|
U} [ Options J Graph | Table
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PART 2. TRANSIENT SIMULATION MODE 2.2 Self-Heating

[5O) DeviceSimulation2016/006 Switching quosjh Rdrain—GTSFramework A x .
P— -
@ [Filev ][Reload][}@] JSetupIDetailsTControl + 2'2' Self Heat'ng
< 4l
=2l | Solver Options "
Project @@= Device - ‘
Devicesim... || Iteration scheme: | DD = (] Direct solver: '_4; core(s) I 2_ 2. 1 - Setup
Minimos (=6 AC Analysis
B 007 [_D Enable ]

Use the original structure generated in this

Transient Analysis

. ﬁ@ [] e tutorial and create a new Minimos-NT
(L] skip static analysis, use init values from file J TOOlFOldeI‘. Setllp the tI‘aIlSIGIlt Slmu].at].on
oacn parame I Ce tondeadil . NP settings and the thermal contact details as
(] Initialize with input file Write quantiti€s:™| Every 10th step E] Grid: [slmulatlnnGrld B ShOWIl 111 the ﬁgure . The eXpI‘eSSIOIl
I show: (] contacts (V] semiconductors (] oxides (] interfaces if (~solve . time > OS , 3‘, B 0\’) generates

¥ Simulator: Local
-

) Frohiage il Senerc croru oo e 00 e 20 7 0,00 ) .. a single edge at the beginning of the
simulation. Assign —0.55 €V to the work
function difference FE, of the Gate contact,
relative to the substrate. Before starting the
simulation note the detailed settings in the
next step.

[
|| &2 Simulator: Server 1 m
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PART 2. TRANSIE

1N
ln

O (g DeviceSimulation - Global TCAD Solutions Framework v A X
P | _ ¥ —
| Filew | | Reload | | save | @l \ Setup W Details I Control | Device @ | Curves ® | +
Y i )

(, ¥ Quick-Files

Project

/homel,i DeviceSimulation/007 Ja
DeviceSim...ﬂ | minimos_out_s10.devbz 'Ju |
|

There are now more than one device output
files, one every 10 steps. The names include
a suffix _sxx were xx represent the step
number. The desired file can be chosen in
Devicesimulation - Global TCAD Solutions Framework ®11 the “Quick-Files” area of the “Device” page.
(Flev ) [Feload | [(sove | @l | [ setup | petais [ control [ pevice [ cuvesm [ + | In the figure the temperature distribution at

S Quick-Files sgumpunty steps 10 and 60 is shown, corresponding to
Project /home/, i viceSimulation/007 . .
- mﬁﬁm B the time steps 10 ps and 60 ps, respectively.
Mnimos B8 Nlime —Seits The figure also shows a plot of the Drain
- current decreasing over time due to the
overall negative temperature coefficient
found in this simple MOS structure.

Minimos @@\\time =1lells e

007

%) Mode

(®) Surface () Lines

w ) Mode

v ) Style

Table | Tree |

temp

Attribute Unit

LattilceTemperature K l ‘{ZJ‘ In the IOWGI‘ part Of the ﬁgure, the
ElectronTemperature K u . .

HoleTemperature K 0 graph is zoomed in to the relevant

DeviceSimulation - Global TCAD Solutions Framework

area of the drain current.

|_Filew | | Reload | | Save | il \ Setup I Details \ Control I Device @ I Curves & | +
<
_Files (data sources) i : . T T T
7 & - \ ©.001000 —
Project [minimos_out.crv ] [
DeviceSim...
o — —— IDrain [A]
inimos +
007 Item Unit ) o
time s -
VSource \
ISource A
VGate ) ©.000975 —
IGate A
VDrain 4
D
VBulk \
1Bulk A
=
<
‘®  0.008958 —
[=}
a
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In the small-signal mode (in the context of Minimos-NT often referred to as AC mode), the
equation system is linearized at a given DC operating point and solved using complex AC
boundary conditions. Additionally, Y- and S-matrices as well as quadrupole parameters
can be evaluated. To show some features a CV-Curve for high and low frequency will be
simulated, the density gradient model will be used and finally interface traps will be taken
in account by introducing Shockley-Read-Hall recombination.

Device Simulation
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PART 3. SMALL-SIGNAL MODE 3.1 CV-Curve

e DeviceSimulation2016/008 CV, HF, DD — GTS Framework D .. 0 G
(e~ ) [ Relond J (2= ‘J Setup ] DetailsTControlTD‘::ceD;'T cu.vesm \ : Q(‘j 3.1. CV-Curve
m—— f'::::e | Solveqontiong R I
B pevicesim... || [ teration scheme: 00 7] O oirect sobver: 4~ core(s) | || 3.1.1./Setup AC Analysis
Minimos @B AC Analysis |
ME':W = ke [ 10 j In this example, the CV-curve of the nMOS
& oos Transient Analysis ‘ created in step one will be calculated. For
Qe ] this, create a new Minimos-NT ToolFolder
_ Device paramters (-Device loaded from homela 9 201 imos. devb2) using the “Next tool” button of the structure
intiaize witlERIY Wike quant el step IR« mu ationsiid o) generated in the first step and set the

show: (/] contacts (V] semiconductors (] oxides (] interfaces

parameters according to the figure. Start
the simulation. With 100 GHz this simulation
will generate the high-frequency curve. Copy
this tool folder and change the frequency to
1 MHz to calculate a low-frequency curve.
Run this simulation as well.

[ Source Il

¥ Simulator: Local
S g

[

S| = simulator: Server
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PART 3. SMALL-SIGNAL MODE

3.1 CV-Curve

DeviceSimulation - Global TCAD _%;utions Framework

oo () Y eow
C[—.}_[I ® File v Reload | | save | | &7 | [ Setup T Details I Control I Device @ I Curves ® | +
< 4
— r [ - »
Current attribute, remarks Y&~ [a]
Project & | > ﬁ Path : PathDefaults
DeviceSim... forceDirectAcSolver = true > (@ Extern
| > (@Eas
Minimos &I N, & Quantities
~Solve.forceDirectAcSolver L
[ oos > (& IterateConfig : IterateConfigDefaults
- Type: ipdBOOLEAN v [ Iterate : IterateDefaults
Minimos & » & Blocks
[ 009 > [& Scheme : SchemeDefaults.DG
M i ctlinearCircuit = true
Minimos (16 » [ ConstantNode
EH oo > @ Fixtode

Legend
p

® grey: default, not written to IPD file

# black: will be written to IPD file

# bold row: set to non-default

# bold right-hand side: value
changed

@ orange italic; IPD function

# greenish: linked to niceview

# green: linked to niceview, active

¥
14
0
2
W
b3
i
X
L
0
Z
9
'
=
-
0
0
a]
<
Q
=
N
<
)
0
<
U}

*> (@ InitialGuess
» (@ ThermalConstantNode
» (& ThermalFi
» (@ Thermalinitial

ss

v (& solve : SolveDefaults

[ mixed = false

transient = false

[ time = step(0.0 "s", 5e-12 "s", 2.5e-13 "s") = 0.0 "ps"

E] ac = true

frequency = stepSingle(100000000000.0 "1/s") = 1.0E11 "Hz"

i
[7] calcadmittanceMatrix = true
[7) completeAdmittanceMatrix = true
dmittanceOutput = false
gMatrix = false

[ ground =
[ 7=300.0""k"
[ breaksteppin
[ evalSteppingL
[0 skipFirststep = false
> ﬁ SpecialModels
» ([ steppingControl

= false
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3.1.2. Density Gradient, Detailed
Settings

As we want to compare the results of the
simulation with and without the density
gradient model, copy both of the previously
generated tool folders. Open the new tool
folders and change the iteration scheme in
the “Setup” page from "DD" to "DG". So we
end up with four tool folders to compare the
results of high and low frequency CV curve
with and without using the density gradient
model.

To achieve better convergence for the DG
simulation in the AC domain, choose a direct
solver by setting

~Solve. forceDirectAcSolver = true as
shown in the figure.




PART 3. SMALL-SIGNAL MODE 3.1 CV-Curve

5o () DeviceSimulation - Global TCAD gutions Framework o) ()0
3 3.1.3. Results
C[—.}_[I ® File v Reload | | save | @i [ Setup I Details T Control I Device @ T Curves ® | +
— Files (data sources) I I I I = = K
Project B || | (oo o The CV curves can be plotted using the
B oevice S olo/minimos outev  © E | 4 “Curves” page. The output of the simulation
Minimos @& 009/minimos_out.crv ® X . . .
— 00@/minimos_out.cv  © ® 1750 i for high and low frequency, with and without
Minimos @ density gradient model can be combined
ki = Lo using the “File » Open” dialog in the
Minimos &
fi “« ”
— T — Curves” page.
IS . -15 —
Minimos & isg::zz ? ey
o CSource 1 =
o011 VGate \ S
i
g |2 If
< VDre_:in A\ 3
® Drain A 1.25e-15 a
L iDrain 1
CDrain 1
[0)] VBulk \Y
z 1Bulk A
9 (V) same factors (*) for all files
'5 (] same X/ selection for all files
= L 1.80e-15 |
8 Plot Range & Scale
p
Q @ Linear (U Logarithmic
S V] Autoscale
- Xi 2.0 . 2.0
~ | I 1 | |
é i 8.0e16 .. 1.9e15 2 L Gmam 5 2
]
U} [ Options J Graph | Table
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PART 3. SMALL-SIGNAL MODE

3.2 Interface Traps

DeviceSimulation2016/011 [Copy of T12] Interface Traps— GTS Framework

J Setup I Details T Control T Device E]T Curves +
<
»

(OXR

o6 )
| |
@ [FiIeV][ReIoad][}E]
(> Mode
Project v Device
DeviceSim...
Minimos (B
E o2

|| @ Simulator: Local
S g

S| = simulator: Server

Stop

Solver Options

AC Analysis

Transient Analysis

Iteration scheme: | DD | (] Direct solver:

4|~

-
core(s)

/] Enable  Frequency: Value: 1000.0 | Hz

S

{ (] Enable ]
Device parameters ( ice loaded from /h d g j 201 6/012/mi devbz)
”
(] Initialize with input file Write quantities: |First step E Grid: | simulationGrid
show: (/] contacts (V] semiconductors (] oxi interfaces
)

Semiconductor Source L S |[v

"
>
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3.2. Interface Traps

3.2.1./Setup SRH Recombination

Set the frequency and voltage values and
introduce SRH interface traps in a new
Minimos-NT ToolFolder:

Create a new Minimos-NT ToolFolder
by using the “Next Tool” button of the
original structure, created in this
tutorial

Make the interface menu visible in the
“Device parameters” section to activate
interface traps. Choose the SRH model

Enable AC analysis with a constant
frequency of 1 kHz

Activate capacitance output for all
contacts (Gate, Source, Drain, Bulk)

Change the rest according to the figure




PART 3. SMALL-SIGNAL MODE 3.2 Interface Traps

oo () DeviceSimulation - Global TCAD _gutions Framework (OREOREI] ‘

@ [ File v ] [ Reload ] [ Save ] [ >E] ] | [Setup TDetailsT Control m I

Current attribute, remarks > (& Bulk : ~MaterialDefaults.IdealConductor
(7 v (& Semiconductor_Oxide : ~MaterialDefaults.Si_Si02

| © Change the trap concentration Ny by
DeviceSim... Nt = 1.0E11 "cm~-2" i [ class = "si_si02"
LN [} materials = "si,Silicon"

‘ editing the corresponding variable to
Minimos (&I 3 . .

~Devi i i [ materials2 = "Si02,0xide, Nitride, Si3N4" a“u n —2

B oy Device.Phys.Semiconductor_Oxide.Inter [ interracacha A 1 . OE 11 cm
Type: ipdREALQUANTITY > (@ InterfaceCharge
Vit gy ® Run the simulation in the “Control”

[T interfaceTrap = "SRH" age
v [} InterfaceTrap p g

> (& Al
¥ (5 SRH

- Take note of the other editable
Sy ol attributes, for example the trap .

| ﬂ [ readinNt = false I]
‘ [ randseed = 15 energy level E.
| [ dosType = "Single"
[ readinEt = false
[ Etsigma = 0.1 "ev" ‘

3.2.2. Trap Concentration

Project @ |

O N s 15

Legend

- [ Etmin = -0.49999999999999994 "eV"
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# grey: default, not written to IPD file [ useEe = true
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9
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PART 3. SMALL-SIGNAL MODE

3.2 Interface Traps

5o () DeviceSimulation - Global TCAD _S;”utions Framework N 357
@ ® || [ Filew | [ Reload | [ save | @ [ Setup I Details T Control T Device & ]’ Curves ® | +
« 4
- Files (data sources) K K
r T T T T
i 2.00e-15— —
Project B [minimos_out.crv ®® ]
DeviceSim... |
=2 [ & CSource [s*AfV]
Minimos —— CGate [s¥AMV]
012 ftem | Unit [* o] —— CDrain [s*AN)]
Gate A\ 1
frequency 1/s 1 1.75e-15\— -
VSource \ 1 =
ISource A 1 5
iSource 1 1 )
CSource SHANV 1 E
VGate Y 1 ®
1Gate A 1 S
iGate 1 1 - 4
& g Vel }
0 VDrain \" 1 =
g IDrain A 1 o
u iDrain 1 1 »
CDrain SNV 1 Il |& lf
[ veuk v 1 3
é 1Bulk A 1 -
L iBulk 1 1 g 12515 N
cBulk SNV 1 Py
Ln @
. B
E (V) same factors (*) for all files b
3 (L] same XY selection for all files
i 1.00e-15— —
8 Plot Range & Scale
-
Q @ Linear (U Logarithmic
g
E V] Autoscale )
X: 2.0 . 2.0 7.50e-16 — —
:(‘ | 1 1 |
o [ 7.5e-16) .. 2.0e15 2 B 2 5 2
Q Gate [V]
| -
o [l Options J Graph | Table
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3.2.3. Results

Change to the “Curves” page and inspect the
different capacitances, depending on the
Gate voltage.

As a symmetric nMOS is simulated,
the Drain and Source capacitances
are the same.

Compared to a simulation without
interface trap modeling, there is a
significant increase of the
capacitance for Gate voltages around
0V. In this region the Fermi energy is
in the range of the interface trap
energy, and therefore those states
can contribute to the charge.




Conclus

In this tutorial, various device simulation capabilities of Minimos-NT have been presented.
By example of steady state analysis, the possibility of initialyzing simulations with pre-
viously gained results and the usage of quantum tunneling through the oxide has been
illustrated. Furthermore, transient simulation studies, consideration of self heating effects,
as well as small signal analysis have been performed. The extraction of CV-curves has
been explained, including the application of the Density Gradient and Shockley-Read-Hall

models.

Further Reac

o

We welcome you to have a look at further GTS tutorials and examples, which
you can open in GTS Framework. Next to the basic ones included with
the release, you can download more sophisticated tutorials and examples
from MyGTS at https://globaltcad.com/mygts. Extracting the archives

to your projects folder makes the tutorials visible in the projects list (highlighted yellow).
Previews are provided at http://www.globaltcad.com/en/solutions.html.

For additional information, please refer to http://globaltcad.com/ or feel free to contact
us at info@globaltcad. com.

Device Simulation
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ToolFol:

The project DeviceSimulation contains the following ToolFolders (TF):

TF
TOl
TO2
TO3
T04
TO5
TO6
TO7
TO8
TO9
T10
T1ll
T12

Tool
Structure
Minimos
Minimos
Minimos
Minimos
Minimos
Minimos
Minimos
Minimos
Minimos
Minimos
Minimos

Device Simulation

=
St

Description

Simple 2D NMOS Transistor
Transfer characteristic
Simulate II, input from T02
Oxide tunneling

Switching NMOS

Switching NMOS with Rdrain
Self-Heating

CV, HE, DD

CV, LF, DD

CV, HF, DG

CV, LF, DG

Interface Traps
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Introdu

Using This Ti

GTS tutorials generally consist of a written description (this text) and a GTS project
(simulation data) which you can open in GTS Framework (yellow items in project list). As
shown below, we recommend to create a working copy from the project, and proceed step

by step, guided by this text. If not yet familiar, please refer to the GettingStarted tutorial.

Only a few tutorials are included with the release; the others are available via MyGTS
at https://globaltcad.com/mygts. When logged in, please download the respective file
and extract it to the gts projects folder on your PC. After restarting GTS Framework, the
tutorial project will appear in the Projects list.

Qﬁ This is an intermediate (level 2) tutorial.

This tutorial was created using GTS Framework Release 2016.09. Other releases might
need adjustments or have slightly different user interfaces.

Mixed-Mode Part | \ )’ 1

Working in a copy.of a tutorial project, you can
open the yellow Txx ToolFolders at any time. They
contain the data of the described simulations,
which you can use for reference or as starting
points for your own simulations.


https://globaltcad.com/mygts
http://www.globalTCADsolutions.com

INTRODUCTION

Full path (project folder):

/home/docubuntu/gts/Projects/GettingStarted (copy)

4

Cancel 0K

Mixed-Mode Part |

50 () Global TCAD Solutions Framework <2=> & &
[ TOOLS I PROJECTS SYSTEM
_ Projects 1
[ & New project J | ®iopen | show: |_] local tutorials & examples
ID  Project name Description Rating Owner Last modified
il
= MixedModel Tutorial: Mixed-mode simulation capabilities of Minimos-NT. = () 2015-02-08 15:26:36 ,‘
— gStarted Tutorial: Basic handling of the GTS framework — () 2015-02-08 15:26:39
= - DeviceEditor Tutorial: Exemplary device editing capabilities of GTS Structure, — () 2015-02-08 15:26:37
[® — DeviceSimulation Tutorial: Exemplary device simulation capabilities of Minimos-NT. = () 2015-02-08 15:26:38
5 Take a look at advanced tutorials and more examples! A
, We probably have a tutorial or example close to your field of application, Duwnload#
showing you directly how GTS Framework can help for your work.
o0 (g Open GettingStarted Y o X
3 = GettingStarted is a tutorial. What do you want to do?
* Create working co| ust look
L J { L ¢ Save new project Y @ X
Create your own working copy You will not be a ] N
and work through the tutorial. to save any chan glactinamey
GettingStarted (copy)
Project location: |
/home/docubuntu/gts/Projects Browse... ‘

L

Copy

If you have not already done so, go to the
Framework Home and locate the project
associated with this tutorial in the Projects
list, and create your working copy from it:

1. Check “tutorials & examples”

2. Click on the respective tutorial project:
Mixed-Mode Part I

3. Choose “Create working copy”
4. Check the project name, click “OK”

The project is created and opened, so that
you see the Project Home. — Ready to start!

A. If you miss the respective project,
please download it via MyGTS (click
“Download”, see previous page).

Alternatively, you can start the tutorial with
an empty project - just create a new project.
(The advantage of the tutorial project is that
you have the results at hand any time.)



et

In this example, we will set up a mixed-mode simulation. In this mode the transfer
characteristics of a distributed transistor and the output voltage of a single transistor
inverter will be simulated. Afterwards the circuit will be extended with another distributed
transistor to simulate the output voltage of a CMOS inverter. Finally one of the distributed
transistors will be replaced by a Spice MOS Level 3 model to investigate the output voltage
again.

It is assumed that you are already familiar with the main concepts of GTS Framework
and the idea of projects and ToolFolders, as explained in the Getting Started tutorial.

The mixed-mode simulation model might not be included in your license. Please contact
your distributor or Global TCAD Solutions directly for more information.

Mixed-Mode Part | 3
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PART 1. SINGLE TRANSISTOR INVERTER

1.1 Set/Up Mixed-Mode

oo ()

Mixed Mode II/001 = CTS—ramewurk

Project =
Mixed Mo...

Tool state =

Open ==

Reload

Save

Export...

Screenshot...

Exit

Close menu

Save as new ToolF,

P— S :
@ = Reload Save S [Temp\ates@TDewce Grids | Geometry | +

F_’- Structure, 001 —
X

Structure [
(=] 001 Create new Device

(OR)
»
|:5 The GTS'Framework is managing your files in this ToolFolder.
UseToolFolders in your workflow to store variants and revisions.
. o o
Please choose a device template:
Folder Type Typ. length 2D/3D
templates |+| |nmos +| | 250um |+] |20 v 1l
o » S - I
NMOS 250um 2D -

Create device from

Alternatively, when runni
ToolFolder.,
To do so, please choose

Clear device ]

( cesral o

&)

| Segment

| Material |

¥
12
u]
2
L
b3
g
14
L
0
z
D
=
J
J
0
0
a)
g
0
~
|
g
i
0
|
U

Mixed-Mode Part |

-
-
-

templates/nmos_0250um_2d_hemt_GaAs.ipd

GTS device template nmos_0250um_2d.ipd
NMOS 250um 2D
templates/inmos_0250um_2d.ipd

GTS device template nmos_0250um_2d_gateStack_ortho.ipd
NMOS 250um 2D
templates/inmos_0250um_2d gateStack_ortho.ipd

OK Cancel

1.1. Set Up Mixed-Mode

1.1.1./Structure

e In your working copy of the
MixedMode I tutorial project, click
“Add tool” to add a Structure
ToolFolder

1.1.2. Create Distributed Device

o Create a 2D NMOS device with
0.250 pm channel length using ortho
grid (nmos_0250um_2d_ortho.ipd)

® Use the button “Create device” to
generate the device




PART 1. SINGLE TRANSISTOR INVERTER 1.1 Set|{Up Mixed-Mode

a0 (o) Mixed Mode [1/001 NMOS 250nm & GTS Framework & &) &
[ = §
r\ || [ File> || Reload | | sawe > | jTemp\ates [ Device Tm Geometry m
o] N :
- Template
Project =] ‘ 0nm | 250 oo P
Mixed Mo... Type: NMOS
Typ.L: 250um
Structure I Dims.: 2D
[ o001
fhome;.../nmos_0250um_2d_| sa () Choose next tool B

Choose device templ
Choose the tool to use next:
Variables
— i~

MName | value ﬂ
—_— -
gatelength 250 nm |
oxideThickness 5.00 nm| Structure | Minimes WSP WSHE Geant Wision

sourcewelllen... 1.0/3.0
drainwelllLength  1.0/3.0
sourceSpacerlL.. 1.0/3.0
dramSp:cerLs.“ 1.0/3.0 The results in this ToolFolder will be copied to the new ToolFolder,
bulkThickness 300 to be used as input for the new tool.

contactThickne... EU‘M Create new ToolFolder

numPointsX 60 .

numPointsy 30 [_] Copy settings from other Minimas ToolFolder

Classical device and circuit simulator (GTS/IUE)

() Update existing Minimos ToolFolder

(_ Duplicate this ToolFglder

| oK Cancel

Create device Reset

Segments
| Segment | Material | e
@ Source Conductor [& i
W Gate Conductor -1.50e+17
Drain Conductor -1.028+18
® Oxide 5i02 crm”-3
@ Semiconduc... Si [

¥
x
u]
=
W
2
¥
L
0]
r4
=
=
u]
]
u]
[i)]
Q
i
Q
=
-
<
]
0
-
L]
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1.1.3. Create Minimos-NT ToolFolder

® Use the “Next tool” button to create a
new Minimos-NT ToolFolder

As the projects will get larger, always
use meaningful names for the
ToolFolders.

Always confirm save requests with ‘
“Yes” in this tutorial.




PART 1. SINGLE TRANSISTOR INVERTER

1.1 Set/Up Mixed-Mode

aa () Mixed Mode I1/002 [Mext From UUI]QIME}}ASUnm — GTS Framewark Le) (o) 3
@ 5] [ File > | [ Reload | | save | | & | jSetup T Details [ control | +
‘ "
Te— r
(E Elode Solver options
Project =
Select simulationagade: i 4
I | I Iteration scheme: | DD |=
;
Structure  EE || | | AC analysis
|
= om . ] enable
w Device
~
Mirif LB Transient analysis
002
(] enable J J
Switch mode

¥
12
u]
2
L
b3
g
14
L
0
z
D
=
J
J
0
0
a)
g
0
~
|
g
i
0
|
U

Switching to mixed mode is irreversible within the ToolFolder.

In case you want to still use this ToolFolder for single mode,
make sure you have duplicated it before you click OK!

Do you want to switch to mixed mode now?

& @‘Jbuntu.'gtsfPrujectsfMixed Mode 1I/002/minimos. ¢

step "] Grid: | simulationGrid |']

s (] semiconductors [ | oxides [ interfaces

(/] output Wil L

00| v

| —— — | Gate
f Voltage || Constant va... | ¥ : b
= Stop | g I | Value: 0.0 V (/] output Vil L,
Models
=0 Simulator: Server Thermal Contact
-
— st pe
| T= 300.0 K Rth= 0.0 Kem™2/MW Ew= -0.55 eV } R= 0.0 Chm
| —— -~ \
-
Submit Cancel x
<\ J¥

|

Mixed-Mode Part |

1.1.4. Switch to Mixed-Mode

o Set the work function difference of the
Gate contact to the commonly used
E,, = —0.55eV

® Press the button “Mixed mode” placed
in the group “Mode” in the control
panel of the “Setup” page

This changes the simulation setup to
mixed-mode. Additionally the simulation
scheme will be changed to “MixedDD”
automatically.

The change into a mixed-mode
simulation cannot be reverted in the
graphical user interface. In case of
doubt duplicate the tool folder before
switching to mixed-mode.




PART 1. SINGLE TRANSISTOR INVERTER 1.2 Create Circuit

e MixedMode/002 [Mext from 001] NMOS 250nm — GTS Framework ] OO . .
= (e~ Craiet ) (5] (3] = el 1.2. Create Circuit
ﬁ ® ile eloa ave = | {Setup 1’ Schematic I Details I Control m 1
— undo Redo i Circuit 1
e | R 1.2.1./Add Distributed Device

MixedMode

(] External port names e |
Structure EHE [¥] Internal port names lﬂj

= o ( [ Akerative display scheme After switching to mixed-mode the
Z‘M = | == pevice Library “Schematic” page opens. First we add the
[D [ & “ @ L] distributed device and change its image:
[ & H || &L | o Left-click on “~Device” in the
[ % H i “ _— “ o J “Distributed Devices” section of the
@E I i control panel
‘- ' BT S iegmn  Buk o Place it in the work area with a

FOLUTIONSE FRAMEWORK

= Distributed Devi . .
—— Device (~Device) left-Cth as ShOWIl mn the ﬁgure
L Rename N . .
@D Main Circuit Copy o Right-click on the device
( ! Write quantity to output » . .
‘ wirror S ©® Choose “Change image” in the drop
G ct distributed device image SNB) | Rotate >
- o Select ditributed device imag wok T — down menu
| se predefined image Use custom image . ——
=1® e darbieddevcensse ICoe : - ”
— _L Use predefined image Use custom image d ) ® Press luse deV]-Ce ScreenShOt
T SRR 1 ® Make sure the ports are placed

Resesteifz0 17 | correctly and confirm with “OK”

s+ OO MMJD@Hﬂ
el o oM

;
Y 4+ -~ - _ A
Use device screenshot

Y = St
R

[ ok _cancel | ‘:’C‘@ |

Sgint: Drag the ports to fit your imag

Cancel

Mixed-Mode Part | 7 L




PART 1. SINGLE TRANSISTOR INVERTER 1.2 Create Circuit

ob () MixedMode/002 [Mext from 001] N\_MO;!SUnm— GTS Framework & & &

@ ® [ File } [ Reload J { save | [ > } {Setup I Schematic I Details I control | +

Undo | Redo " Circuit i . . .
Project @ | m=m pisplay @ Right-click on the Device

N
MixedMode |
V] External port names  ———————

1.2.2. Rotate Device

Structure @8 || | & nternal port names |_Autezoom | ©® Choose “Rotate” in the drop down
[ oo | ] Akamative display scheme | menu and select “counterclockwise”
Minimos (E2]ES)

= Device Library

002

=

[ -@ “ @ H L J Components (?ybe rotated with a ’

right-click before placing them with a
[ - H — “ @ H @ J left-click as well.

= Main Circuit Device (~Device)

Rename

Copy

Change image

Write quantity to output »
Mirror >
Edit properties =
Delete

f 4 ]
J

Device (~Device)

=7 Sub-Circuit Types

180 degrees

¥
14
B
[
3
g
14
L
0
2
D
=
=)
J
0
0
a)
g
0
=
ol
g
o
0
=
U
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PART 1. SINGLE TRANSISTOR INVERTER

1.2 Create Circuit

MixedMode/002 [Mext from 001] PLMO_S'jSOnm— GTS Framework

[ File » } [ Reload J [mj [ SE] J

{Setup 1’ Schematic I Details I Control +
‘

G

&l

50 (@)
& -
—
Project =

MixedMode

[ER

Structure =&

Minimos
002

(=2]Es

¥
14
0
2
[
3
g
14
L
0
4
D
=
=)
J
0
0
a)
g
0
=
|
g
i
0
-
U

Undo Redo
(Lundo |

=" Display

(/] External port names oy
(& inernal por: names | AUo200m |
[] Alternative display scheme

= Device Library

=

| & L
L& [+ TO)9]
R EIEI S

Gele =]

(= Distributed Devices

=
¥ Main Circuit
( Device (~Device) E
=7 Sub-Circuit Types

&

Mixed-Mode Part |

&/

Select type of voltage source:
voltage source T]

»
Circuit

Select type of voltage source & ®

Cancel oK ‘

1.2.3. Add Gate Voltage Source

Now we have to add a voltage source for the
Gate voltage:

o Left-click on the symbol for a voltage
source in the control panel

@ Select “voltage source” and press “OK”

® Place the voltage source as shown in
the figure

® Connect the voltage source with the
Gate by left-clicking on the
corresponding ports
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1.2 Create Circuit

o (@)

MixedMode/002 NMOS 250nm - Single I{anﬂ}r inverter — GTS Framework

[ File » } [ Reload J [mj [ SE] J

{Setup 1’ Schematic I Details I Control +
«

s
G

MixedMode

P—
& -
—

Project =

Structure =&

[ER

Minimes =6
002

¥
14
0
2
[
3
g
14
L
0
4
D
=
=)
J
0
0
a)
g
0
=
|
g
i
0
-
U

Undo Redo
(Lundo |

=" Display

(/] External port names oy
(& inernal por: names | AUo200m |
[] Alternative display scheme

= Device Library

(4] &L
(e = 00
= =)<

Gele =]

(= Distributed Devices

=

=

)

¥ Main Circuit

Device (~Device) L E

1

=7 Sub-Circuit Types

N
Circuit

Mixed-Mode Part |
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1.2.4. Add Nodes And Wires

o Left-click on the GND symbol in the
control panel

® Place the GND nodes as shown in the
figure

® Connect the circuit as shown in the
figure

Press “space” if you want to place

another instance previously
placed component.
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1.2 Create Circuit

ob ()

Project B o= Display

MixedMode

Structure =&

Minimes =6

002

GLOBAL TCAD SOLUTIONS FRAMEWORFKF

Mixed-Mode Part |

MixedMode/002 NMOS 250nm - Single I{anﬂ}r inverter — GTS Framewark (CIREIRES]
@ = [ File = } [ Reload | | save | [ =& {Setup 1’ Schematic I Details I control | +
| "
o Undo Redo i Circuit i
V] External port names e |
[¥/] Internal port names lﬂj
= 001 | [] Alternative display scheme vdd (global_node)
; 1 Rename global node
(= Device Library Mirror »
Y Rotate >
[ - [ é H 1 J Delete
L& [ TOld |
e e
| i
3C | @B | swb [ I
(% Distributed Devices dd
N
=
¥ Main Circuit
-
( Device (~Device) E
. 1 nd
= Sub-Circuit Types
T Input [ORe]
Enter new name;
vdd ) |
‘ o] ‘

1.2.5. Add Drain Voltage Source

Now we have to add a voltage source for the
Drain voltage:

® Place another voltage source and
¢ Add a global node
©® Connect them as shown in the figure

© Rename the new global node “Vdd” via
the corresponding option of its drop
down menu
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1.2 Create Circuit

5
G
3

aa () MixedMode/002 NMOS 250nm - Single I{ans_i'}r inverter — GTS Framework
@ = [ File = } [ Reload | | save | | & | {Setup 1’ Schematic I Details I control | +
— Undo Redo i Circuit I
Project B o= Display
MixedMode [ |
V] External port names  ———————
Structure HE [¥/] Internal port names MJ
[ oo1 | ] Alternative display scheme
Minimas B | =2 pevice Library
002 L )
=& ®| L]
Lo [ |09
¥
14
E2ESES S
2 [ ‘
: @ | = n
g
|
L (= Distributed Devices
) r
z [~
af
|| ™= Main Circuit
3 |Ng
| p— Y =
Device (~Device)
=1 3
oy
a}| @2 Sub-Circuit Types
< |
0
~
|
g
i
0
-
U
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1.2.6. Complete The Circuit

A resistor and the voltage supply for the
NMOS has to be done to finish the first
circuit:

® Place a resistor, rotate it with a
right-click and place it as shown in the
firgure

® Add a global node and name it “Vdd”

© Connect the components as shown in
the figure
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1.2 Create Circuit
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MixedMode/002 NMOS 250nm - Single I{:an@r inverter — GTS Framework (REEY]
[ File = } [ Reload J { Save J [ S } {Setup I Schematic I Details I control | +
« "
» »
Undo Redo Circuit
=" Display
|
V] External port names  ———————
[¥/] Internal port names MJ
[] Alternative display scheme dd dd
= Device Library dd
Y 2
=% | #] L)
resistor (resistor)
ENES Yy
Copy
Write quantity to output b
—n— 2 q i [
RMEIEIET
| ” Rotate ﬂ

Gele =]

(= Distributed Devices

=

f 4 ]

¥ Main Circuit

ad

Il N
w e e

Main Settings

Device (~Device)

f 4 ]

=7 Sub-Circuit Types

R
r —

Constantva... | Wvalue; 1000000.0  Ohm
L}

Details
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¥ [} Rresistor : ~Devices.R
[ class

[ spiceclass
spicelevel = 0

tree to see a

R

>

Click on an attribute in the

description.

mle el e

IFD Tree Legend

) ()

| .
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1.2.7. Edit Resistor Properties

© Right-click on the resistor and choose
“Edit properties” in the drop down
menu

o Set its value to 1.0E6 Ohm and confirm
with “OK”




PART 1. SINGLE TRANSISTOR INVERTER 1.3 Simulate Transfer Characteristics

aa () MixedMode/002 NMOS 250nm - Single I{anﬂ;rinverter—ﬂ'rs Framework [ () (&) \>_<,— -
i) Csnad] (o] (3650 [ 1.3. Simulate Transfer
@ ® ile w eloa J { Save J l SE] J | {Setup 1’ Schematic I Details I Control | + 1
== [inde ) _nedo " Circutt | Characteristics
Project ® | o= Display
-
RSl V] External port names N |
structure @ || | £ ieeralport names A4tezoom | 1.3.1. Edit Drain Voltage Source
=1 001 ‘ [] Alternative display scheme dd
MITIZES LB (= Device Library .
002 ( : Now we want to set up the Drain voltage
[D [ -@ H @ H 1 J source properties:
. BEI Y o Right-click on the left voltage source
12 .
g [ Y H - H - “ - J and choose “Rename” in the drop down
1 i
S 3C | B || sw I I menu
N | J
W Dietributed bevices " ® Rename the voltage source “Vd” and
(o confirm with “OK”
D
S| = wain circut 7 v otage souree? ® Again right-click on the new voltage
) X et D@ com source and choose “Edit properties” in
Main Settings Write quantity to output »
(v I > the drop down menu
Rotate >
p
(coneiart = INRREIE @ ‘ Delete o Enter a constant voltage value of 3.3 V
' and confirm with “OK”
Details
v ES:;;;ZE--‘-:TE:;SMNe“ li Click on an attribute in the T ‘ 1

e tree to see a description.
[ spiceclass = "v

[ spiceLevel = 0

[ spiceModelType = "™
> & Graph 1

[P = "vdd = "vdd"

1M = ~gnd = "gnd"

[ shape = "Const"

[to=0.0"s"

¥ | | IPD Tree Legend:

ﬁ Cancel
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PART 1. SINGLE TRANSISTOR INVERTER

1.3 Simulate Transfer Characteristics

MixedMode/002 NMOS 250nm - Single I{ansﬂ}r inverter — GTS Framework

[ File = } [ Reload J { save | l SE] J {Setup 1’ Schematic I Details I control | +

50 (@)
P—
& -
Project =

MixedMode

Structure =&

[ER

Minimes =6
002

mONS FRAMEWORK

0 () ﬁ Edit propérties Vg
Main Settings

Undo Redo i Circuit

=" Display
r

(/] External port names oy |
(& inernal por: names | AUo200m |

‘ [] Alternative display scheme

= Device Library

(4] ¢ ]
DI
REEr|

Gelei=] |

(= Distributed Devices
-

=

=

dd

L

Qi ] 1 0.0 ... 331V Step: 01| v
|

D spicelevel =
[ spiceModelType = "

» (& Graph Il
71 P = ~n1 = "~Subcircuits.cir,
[FiM = ~gnd = "gnd"

. :
k Click on an attribute in the
tree to see a description.

aw

OK Cancel

IPD Tre= Lagend:

Mixed-Mode Part |

Vg (voltage_source)

Rename

Copy

Write guantity to output »
Mirrar >
Rotate

Delete
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1.3.2. Edit Gate Voltage Source

Now we want to set up the Gate voltage
source properties:

® Rename the Gate voltage source “Vg”
and open its properties menu in the
same way as for the Drain voltage
source

o Select “step” instead of “Constant
value” in the “Main Settings”

o Enter the values for the stepping as
shown in the figure and confirm with
IIOKII




PART 1. SINGLE TRANSISTOR INVERTER 1.3 Simulate Transfer Characteristics

oo (@ MixedMode/002 NMOS 250nm - Sin le transistor inverter — GTS Framework () (=) \>_<,— P
= S S — e 1.3.3. Set Up Output Quantities
@ ® [ File > | [ Reload | | Save | | 3] | | {Setup 1’ Schematic I Details I control | + |
— Undo || Redo i Cil ji i . r .
Project B | = Display freutt The circuit is done but before running the

MixedMode

ernal port names . ' i i
| B o 31mula‘1t’1on we ShO}l]d deﬁne the output
[ oo1 | ] Alternative display scheme dd dd quant]-tles Of the SlmUIatlon:
e T | @ o=vcs Lirary a o Right-click on the distributed device to
[D [ & “ @ L] - open its drop down menu
BEa e ® Choose: “Write quantity to output”,
[ % J[ — “ — “ - J z “Drain”, “I” to select the Drain current
E’E C@ = f b i as an output quantity
‘- / ® Choose: “Write quantity to output”,
(= Distributed Devices dd q a e b /. .
— : GzDayice] Drain”, “V” to select the Drain voltage
copy as an output quantity
ange image

¥ Main Circuit
-
Device (~Device)

=7 Sub-Circuit Types
=

Select port AL U ) (I
Mirrar
Rotate

® Choose: “Write quantity to output”,
“Gate”, “V” to select the Gate voltage
as an output quantity

e

Source >
Gate >

¥
12
u]
2
L
b3
g
14
L
0
z
D
=
J
J
0
0
a)
g
0
~
|
g
i
0
|
U
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PART 1. SINGLE TRANSISTOR INVERTER 1.3 Simulate Transfer Characteristics

oo (o) MixedMode/002 NMOS 250nm - Single transistor inverter — GTS Framework ) (&) 9
B - 1.3.4. Result: Transfer
@ ® File = J Relcad | | Save | | il {Setup [ Schematic [ Details I Control I Device @ I Curves @ | + Ch t . t_
‘ ‘ r risti
— Files (data sources) T T T aracteristics
Project [ - ]
minimos_out.crv . .
e ! Now we can run the simulation:
Structure =& |
2 oo Attribute Junit | 0. 000002 - e Switch to the “Control” page and press
Vo v
Minimos & [ DevicelDrain A | the uRunu button
002 DeviceVDrain v
DeviceVGate v
© Wait until the simulation has finished
- and switch to the “Curves” page
= g.ooooczl - ) . ” . .
® Assign “DeviceVGate” to the X-axis via
IE I its drop down menu

® Assign “DevicelDrain” to the Y-axis by
checking the corresponding check-box

Calculate Attribute
-

Function Functional Q. G601 | =

(] same factors (*) for all files

(] same x/v selection for all files

Plot Range & Scale
r m— DevicelDrain [A]

¥
12
u]
2
L
b3
g
14
L
0
Z
0
=
J
=
0
1)
Q
g
0
=
o
g
0
0
=
(U]

Logarithmic: ] x [ ]¥ &2
ol |
/] Autoscale | | | | |
x | 0,00 .. .00 ® L 3 9 &
DeviceVGate [V]
v: | 0,00 .. 350206

\ Graph | Table
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PART 1. SINGLE TRANSISTOR INVERTER 1.3 Simulate Transfer Characteristics

oo (o) MixedMode/002 NMOS 250nm - Single t@:ﬂ;orinverter—c'rs Framework (%9)

= 1.3.5. Result: Output Voltage
ﬁ = [m m} { Save J B | {Setup [ Schematic [ Details I Control I Device & I Curves ® m L p g
p:ec't p— ' ‘ ‘ © Assign “DeviceVGate” to the X-axis via

. {minimasiout.crv @ & ]

l its drop down menu

Structure =& |

= 001 Attribute e |+ _flo 3l - ® Assign “DeviceVDrain” to the Y-axis by
Vo N 1

Minimos 06 " ] . . .

3 DevicavDrain 1o checking the corresponding check-box
DeviceVGate v X

DevicevDrain [¥]

Calculate Attribute

( Function .Funct\unal 1

(] same factors (*) for all files

(] same x/v selection for all files

Plot Range & Scale
— [eviceWDrain [V]

Logarithmic: ] x [ ]¥ &2
o
/] Autoscale | | | | |
x | 0,00 .. .00 ® L 3 9 &
DeviceVGate [V]
v: | 0,00 . 250

¥
14
u]
2
L
b3
g
14
L
0
Z
D
=
|
=
0
0
Q
g
(&)
=
o
g
0
0
=
(U]

Graph | Table
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Part 2

CMOS with Distributed Devices

Now we will create a distributed PMOS transistor and modify the existing circuit to
simulate the output voltage of a CMOS inverter.

19

) AN
Mixed-Mode Part | g/oba/XTEAD solutions
~
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PART 2. CMOS WITH DISTRIBUTED DEVICES 2.1 Add Distributed PMOS

ad () MixedMode/003 PMOS - 250nm — GTS Framework ) &) & - -
| o [|— S
] File = Reload Save 2] jTemp\ates [ Device T Grids | Geometry | + 2. 1 - Add D’Str’buted PMOS
wXin : |
- 5 Template
Project "
]IVImedMode Type: PMOS ‘ 0 nm | 2510 (i S0 A 2-1 " 1 " Create PMOS
Structure =& -;":SL QZZOUFH
(2 oo ® Switch back to the project home in the
Minimos ~ EE < homey.../pmoes_0250um_2d_ortho.ipd
002 l Choose device template J Gl tOOIS CO]'umn
;5“““’- g | e , e Use “Add tool” to add a Structure
Bk MName | value
¥ gatelength 250 nm r TOO]'FO]'der
v oxideThickness 5.00 nm
1l . L0 * . .
0 P Pe e - g ® Create a 2D PMOS device with
{ | Censacene. 10/30+gate | | Il 0.250 um channel length using ortho
5 bulkThickness 300 nm .
b contacthiekne..._30.0 mm grid (pmos_0250um_2d_ortho.ipd)
numPointsy 30
2 o Use the button “Create device” to
1.02e+18 .
E 1250 pm wcl generate the device
] 2.22e415
'S L 3.27e+15
r Create device Reset 207es15
a] -1.40e+18
< Segments -9.49e2+16
5] ; 5. d3e+17
| Segment | Material |
: @ Source Conductor [& oo oo+18
< » Gate Conductor ~2.85e+189
o Drain Conductor -2.00e+20
0 ® Oxide 5i02 crm”-3
| ® Semiconduc... Si [r
L]
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PART 2. CMOS WITH DISTRIBUTED DEVICES 2.1 Add Distributed PMOS

a0 (g MixedMode—G‘E Framework P o)) L.
- — 2.1.2. Create Minimos-NT ToolFolder
& Local project: frdededr ( ave projec ose projec|
@._, MixedMode e ][ —
Profect B | il v Description In the following the circuit has to be
M modified, but as we want to keep the
Structure EHE . .
ES oo1 previous results we duplicate the mmnt
Minimos [E=ES) TOOlFOldeI‘
002 . . . .
structure @@ || TeolFolders ' © Again switch to the project home in the
[ 003 [ &3 Add tool J l 1 Add script J show: (/] Structure [¥] Minimos (Y] vSP  [J] Vision tools Column

7 b Tool w’wnts ﬂ W=
[E 001 Structure @ NMOS 250nm o = () 2013-09-21 12:13:59
002 Minimos 4% NMOS 250nm - Single transistor inverter = EQ [:] 2013-09-21 02:59:54
B3 003 Structure @ PMOS 250nm W W= (2) 2013-09-21 03:08:57

® Use the “Next tool” button to duplicate
the Minimos-NT ToolFolder

58 @ wsellexthwl @@@

Choose the tool to use next:

Minimos VSP Geant WVision

Multi-dimensional device creator and editor (GTS)

The results in this ToolFolder will be copied to the new ToolFolder,
to be used as input for the new tool.

O Create new ToolFolder
__| Copy settings from other Structure ToolFolder

¥
14
B
[
3
g
14
L
0
2
D
=
=)
J
0
0
a)
g
0
=
ol
g
o
0
=
U

() Update existing Structure ToolFolder

‘@ Duplicate this ToolFolder
Cancel
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PART 2. CMOS WITH DISTRIBUTED DEVICES 2.1 Add Distributed PMOS

[=®) MixedMode/004 CMOS inverter - GTS Framework = Do
|

@ ] - Reload Save [ ‘ | (Setup T Schematic T Details T Control I Device T Curves + 2.1.3. Load D’Str’bUted Dev’ce

Minimos, 004 — CMOS inverter
Project =

: : . i - E—— We have to add the previously created
The amework is managing your files in this ToolFolder. I
J UE in your workflow to store variants and revisions. PMOS _
Structure =&

oo New >> open input or setup file J ® Use the file menu in the control panel

Tool state =

MixedMode

g”:;: (® Choose file from other ToolFolder (copy settings or use input/output data) | Of the new Minimos-NT ToolFolder to
Q chi tly-used file (f local disk)
structure. @@ ||| 0o bt il — , ] open the structure file of the PMOS as
Save [Z] o001 Sstruet.. NMOS 250nm Setup file; [T T —— ]
E 003 002 Minimos NMOS 250nm - Single transistor inverter . =N [xEUREHERI ninimos den Shown ln the ﬁgure

Save as new Too
Minimos (=164

E 004 Export...

Outpuit file(s):

4 | simulationGrid v

® Rename this device “PMOS 250nm”

004 Minim... CMOS inverter [ exides [] interfaces

'@:Q

< Exit
LAJ
L
g
1%
L
)
4
0 1
5 [ ‘Copy+0pen Open ]
-
Ej Choose a file from somewhere else
|| ©pen file in addition
a) [ SEpYEA AR ] [ Lk ] to current file(s)
g Close menu
Q
= Bulk
J localhost u D
g = ) Models
i
0
-~
U

Choose a name for this device or leave it empty for a default name.

Chaj name at a later stage is currently not supported.
PMOS_250nm |

Cancel m
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PART 2. CMOS WITH DISTRIBUTED DEVICES 2.1 Add Distributed PMOS

So ottt s rsranmec T T wow
[ File } [ Reload } [ Save ] [ SE] } jsatup T Schematic I Details I Control ]’ Device T Curves +
d b 1 q

8

(= Mode Solver options ]

Project o bevice , - The setup of the new device can be done as

B v = L Iteration scheme: | MixedDD B
ixedMode

E~De“e L : usual:
Structure  EE # ~Subcircuits. CircuitDefinition.Device I £1S el s
= oo ~eHos_zsonm. [ Ul j ® Select the PMOS device in the “Device”

2.1.4. Configure Distributed Device

g”’:;: el [Transient analysis J SeCtiOIl Of the COHtI‘Ol panel

[ ] enable
Structure W V= ; J o Set the work function difference of the
[EE] Device parameters (~PMOS_250nm loaded from /home/docubuntu/gts/Projects/MixedMode/003/struc Gate COntaCt Of the PMOS tranSIStor to
glr::: (B3] [ Initialize with input file Write quantities: [F"“ step H Grid: [simularmnsnd H EW = 0.55 eV

show: (] contacts (Y] semiconductors [ | oxides [| interfaces

5
I dels

Models

~PMOS_250nm

L

=0 Simulator: Local
=

= Simulator: Server

=

|\uca|hust ‘VJ D
[ ]

Submit | Cancel
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PART 2. CMOS WITH DISTRIBUTED DEVICES

2.2 Edit Circuit

ad () i edModefOMCMOSinverter——GTS Framework L2, &
|| e [
r, ® || [ Fle> | [ Reload | | save | [ =& | Setup | Schematic [ Details I Control I Device & 1’ Curves ® | +
" 4
207 ; ;
Undo Redo Circuit
project B || == pisplay

MixedMode i

External port names |~
v i Autozoom

[¥/] Internal port names

Structure =&

[ 001 [ alternative display scheme
minimos B || = pevice Library
002 ) : ) o O O o
Sourc: it ain Bulk
Structure =& [ —* [ -@ “ ‘é H J_ J i | EPMG6§_2§’6nm I‘
dd
E 003 ———— ] PMOS_250nm (~PMOS_250nm)
L& | Oty |
Minimos (=164 Rename
Copy
004 [ % H —— “ e H —— J Change image
p— e Write quantity to output
. @ sub I Mirror H‘
Rotate
Edit properties
Delete
(= Distributed Devices
E ~Device
[ 1 ¥ - Ydd
s (g) Select distributed device image RO NE)
Use predefined image Use custom image
- ‘
Choose custom file
s w60 =
|
V — | = ‘u'L -~ Port assignment | I
Use device screenshat |
P — G = | Gate -
== @ El S = |Source k2
D = |Drain ) -
‘ B = |Bulk e
oK Cancel i
Cancel OK
Mixed-Mode Part | et 24

2.2. Edit Circuit

2.2.1.Add Distributed Device

Switch to the “Schematic” page

Left-click on “~PMOS 250nm” in the
“Distributed Devices” section of the
control panel

o Place it in the work area with a
left-click as shown in the figure

o Right-click on the device

©® Choose “Change image” in the drop
down menu and select the schematic
symbol of a PMOS

©® Check the port assignment and confirm
with “OK”

We will used the schematic transistor
image this time, but one could use
the device screenshot again as well.




PART 2. CMOS WITH DISTRIBUTED DEVICES 2.2 Edit Circuit

aa () MixedMode/004 CMOS irwe{te_r'; GTS Framework

@ ] [ File J [ Reload J | save | [ 2&d J {Setup 1’ Schematic I Details I Control I Device & 1’ Curves ® | +
‘

Undo | Redo " Circuit i .
Project @ | m=m pisplay ® Add a GND node for the load resistor
r

MixedMode

(<
3
=

2.2.2. Complete Circuit

et ) | @ ettt e | and
2 001 | U Alternative display scheme 4d ® Move and connect the components as

Minimes  EE

= Device Library
002 r
Structure =& [ —*

. FIEI
== | = eda]
= ==

Geel=] |

(= Distributed Devices
-

shown in the figure

The output quantities are the same as
before so we don’t have to change or
add any.

ﬁ ~Device
dd
nd
o (=1 1
T Main Circuit
r M
Device (~Device)
Vg (voltage_source)
vd (voltage_source) nd nd

PMOS_250nm (~PMOS_250nm)
resistor (resistor)

2
L
b3
g
14
L
0
z
D
=
J
J
0
0
a)
g
0
~
|
g
i
0
|
U

(=) Sub-Circuit Types
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PART 2. CMOS WITH DISTRIBUTED DEVICES

2.3 Simulate Output Voltage

MixedMode/004 CMOS inverter = GTS Frame

work

Device @ | Curves ® | +

50 (@)
& -
Project =

MixedMode

File = } Reload | | save | gl {Setup 1’ Schematic [ Details I control

| "
Files (data sources) i T T T i
[minimusiuut.crv @ ® ]

Structure =&

[ER

Minimes  EE

002

Structure =&

E 003

Minimos (=164

004

2
L
b3
g
14
L
0
z
D
=
J
J
0
0
a)
g
0
~
|
g
i
0
|
U

Attribute

w0
DevicelDrain
DeviceVDrain

DeviceV/Gate

Calculate Attribute

Function Functional

(] same factors (*) for all files

[ same ¥/ selection for all files

Plot Range & Scale

-

Logarithmic: [ % []¥ D
V] Autoscale

x| 0.00 4,00
v: | 0.00 3,50

DeviceVDrain [¥]

,_.
T

—— DeviceWDrain [V]

Q 1 2

DeviceVGate [V]

Graph | Table

Mixed-Mode Part |

2.3. Simulate Output Voltage

2.3.1./Result: Output Voltage

o Now we can run the simulation:

Switch to the “Control” page and press
the “Run” button

Wait until the simulation has finished
and switch to the “Curves” page

Assign “DeviceVGate” to the X-axis via
its drop down menu

Assign “DeviceVDrain” to the Y-axis by
checking the corresponding check-box

26 0




Part 3

CMOS with Mixed Transistors

In this chapter we will replace one of the distributed devices with a Spice MOS Level 3
model. Again we will simulate the output voltage of the CMOS inverter.

. - -
Mixed-Mode Part | globa/XTEAD solutions 27
~”



http://www.globalTCADsolutions.com

PART 3. CMOS WITH MIXED TRANSISTORS 3.1 Edit Circuit

50 () MixedMode — GTS Framework 0o ® R R R
@ 5] Local project: A — { cave praect ] [ ——— 3- 1 L] Ed’t CerUIt
— MixedMode
::dmnd? (= Details =7 Description 3.1.1. Create Minimos_NT ToolFo,der
Structure =&
[ 001

Again the circuit has to be modified, but we

Minimes  EE

want to keep the previous results:
002
Structure @ || ToolFolders , e Switch back to the project home in the
[EE] [ EJaddtool | | @Add script | show: (/] structure (] Minimos (J] vsP (/] Vision

tools column

Minimos & b Tool w’wnts ﬂ B Y

B 004 G2 ool Structure # NMOS 250nm W = (&) 20130921 12:13:59 ® Use the “Next tool” button to duplicate
002  Minimos 4% NMOS 250nm - Single transistor inverter = [ =2 (.J 2013-09-21 02:58:54 the lateSt Minimos_NT TOO]FOldeI'
B3 003 Structure @ PMOS 250nm W W (2) 2013-09-21 03:08:57
004 Minimos % CMOS inverter = {@ () 2013-09-24 03:27:01

= N EEL

Choose the tool to use next:

V5P WSHE

structurs  |NIEREE Geart Wision

ssical device and eircuit simulator (GTS/ILE)

The results in this ToolFelder will be copied to the new ToolFolder,
to be used as input for the new tool.

() Create new ToolFolder
Copy settings from other Minimos ToolFolder

l
b3
g
14
L
4
F4
9
=
=
=
0
)
a
g
0
=
|
g
u
0
-
U

() Update existing Minimos ToolFolder

‘@ Duplicate this ToolFolder

m Cancel
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PART 3. CMOS WITH MIXED TRANSISTORS 3.1 Edit Circuit

ad () MixedMode/005 CMOS inverter, compact and distributed MOSFETs — GTS Framework

v A X -
p—— . — Ty 3.1.2. Add Compact Device
r‘:’ (] l File = J { Reload J | save J | =& J [Setup 1’ Schematic [ Details I Control I Device @ 1’ Curves @ | + p
=2 ; N
— Undo Redo Cil ji . .
Project B | = Display freutt We want to replace the distributed PMOS
MixedMode | 1 .
V] External port names  ———————— Wlth a CompaCt mOde].
Structure HE [¥/] Internal port names MJ »
=] oo1 I8 s Gy e i ® Switch to the “Schematic” page
Minimos  EE @ Device Libra . .
= 002 — ! o Select the PMOS with a left-click and
Structure  EHE l":" [ -@ ‘é H L J press "Del”
[ 003
B B+ . .

Minmos B8 [ H “ Q H ® J ® Add a compact PMOS to the circuit by
o Y =i left-clicking on the correspondin
Minimos (=16 —— g
o 3C | @ || s I I symbol of the device library in the

B 2 control panel

L (= Distributed Devices 2

4 | o o Select the model “PMosSpice3” and

o | & -rros-zsonm confirm with “OK”

3 dd

3 nd ©® Place and connect the new component

|| @ Main Circuit .

Q ' as shown in the figure

Device (~Device) 4

E Vg (voltage_source)

= vd (voltage_source)

o resistor (resistor) "

é gnd (ground) &) @ Select type of pmos e

0 Select type of pmos:

d (=) Sub-Circuit Types FMusép\ceS 5

Cancel
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PART 3. CMOS WITH MIXED TRANSISTORS 3.1 Edit Circuit

ad () MixedMode /005 CMOS inverter, compact and distributed MOSFETs — GTS Framework ) & &
P— ; S
® || [ Fle> | [ Reload | | save | [ =& | [Setup 1’ Schematic [ Details I Control I Device & 1’ Curves ® | +
nXin) N ;
— Undo Redo Circuit
Project ERI Display
— e -
[£5] MixedMode
= V] External port names e |
Structure ®E || | internal port names |_AUtez00M |
dd
[ 001 [ Alternative display schems
Mifiies e %) Device Library
- —_——
002
Structure =& [ —* [ -@ “ ‘é H J_ J
E=1 003 PMosSpice3 (PMosSpice3)
sl ReN S0 :
Minimos 6 [ sname
_ Copy
004 [ V H _“_ “ —rrne “ —— J | Write quantity to output >
Mirror
Minimos (=16 ——
- 3 Rotate > H
005 2 @ iy Edit properties
Delete
T Distributed Devices
— -
[ ~Device | Edipiope el VeSS e
|55 ~PMOS_250nm

~ Main Settings

= Main Circuit Constantva... | WValue: 1.0E-6| m -
—_— s
Device (~Device) w
Vg (voltage_source) 8
vd (voltage_source) | Constant va... v value: 1L.OE6| m w
resistor (resistor) J
gnd (ground) / o

Details

<
¥
L
0]
r4
=
=
u]
]
u]
[i)]
Q
i
Q
=
-
<
]
0
-
L]

w ) Sub-Circuit Types

E,L PPMosSpice3: ~Devices.PMosS F]
ce3PMos"

Click on an attribute in the
tree to see a description.

71D = “nz="~Subcircuits. Circuyl
[71 G = “n1 = "~Subcircuits. Cireuyl
18 = ~vdd ="vdd"

1B = ~vdd = "vdd"

o(Dprime) — "~q¥ iv —

> IPD Tres Legand:

E Cancel

L5 Dorime = fllr

Al

Mixed-Mode Part |

3.1.3. Configure Compact Device

The Spice MOS level 3 model offers various
parameters to determine its characteristics.

® Right-click on the new PMOS an select
“Edit properties” in its drop down menu
and take a look at the parameters. We
don’t have to change anything now, so
just close the menu afterwards.

The section “Details” of this menu shows all
parameters of this device. The most
important parameters are also editable via
the “Main Settings” section.

L defines the length and w the width
of the device.

Notice that for a proper internal
setup of the Spice model it is of
relevance if a parameter is explicitly
given by the user or not. So every
parameter except the width w and the
length | has a . ..Given parameter.
Those .. .Given parameters have to
be set to true if the corresponding
parameter has been changed.




PART 3. CMOS WITH MIXED TRANSISTORS

3.2 Simulate Output Voltage

ad () MixedMode,/005 CMOS inverter, compack andhdist— uted MOSFETs — Framework LaliCal \’_‘;
P— ; R
@ ] File w | | Reload | | Save | @il {Setup 1’ Schematic [ Details I Control | Device ® | Curves @ | +
X "
»
— Files (data sources) T T T
Project =
[minimusiuut.crv @ ® ]
MixedMode
| —— DeviceWDrain [V]
Structure =&
= o1 Attribute [unt  |* flo a d
Vo v L[
Minimos (& DevicelDrain A 1 [ ]
002 DeviceVDrain \ /]
DeviceVGate v X
Structure =&
[ 003
Minimos 6 =
004 = i 1
g
Minimos  [Bd ] |
= i
005 g I
=1

9
14
L
0
z
D
=
J
J
0
0
a)
g
0
~
|
g
i
0
|
U

Calculate Attribute

Function Functional

(] same factors (*) for all files

[ same ¥/ selection for all files

Plot Range & Scale

Logarithmic: [ % []¥ D
V] Autoscale

x| 0.00 4,00
v: | 0.00 3,50

,_.
T

1 2
DeviceVGate [V]

Graph | Table
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3.2. Simulate Output Voltage

3.2.1./Result: Output Voltage

Again we don’t have to change the output
parameters, so we can run the simulation:

@ Switch to the “Control” page and press
the “Run” button

© Wait until the simulation has finished
and switch to the “Curves” page

o Assign “DeviceVGate” to the X-axis via
its drop down menu

® Assign “DeviceVDrain” to the Y-axis by
checking the corresponding check-box




Conclus

In this tutorial, basic mixed-mode simulation capabilities of Minimos-NT have been pre-
sented. Distributed and compact devices have been used to simuate the output voltage of
a single transistor inverter and a CMOS inverter.

As a follow-up, we recommend to continue with the Mixed-Mode II tutorial, cov-
ering transient analysis of a COMS inverter and an entire SRAM cell.

Further Reac

We welcome you to have a look at further GTS tutorials and examples, which

’ you can open in GTS Framework. Next to the basic ones included with

q the release, you can download more sophisticated tutorials and examples

from MyGTS at https://globaltcad.com/mygts. Extracting the archives

to your projects folder makes the tutorials visible in the projects list (highlighted yellow).
Previews are provided at http://www.globaltcad.com/en/solutions.html.

For additional information, please refer to http://globaltcad.com/ or feel free to contact
us at info@globaltcad. com.

Mixed-Mode Part | 32
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Appendi

ToolFolder List

The project MixedlModeI contains the following ToolFolders (TF):

TF Tool
TO1l | Structure
T02 | Minimos
TO3 | Structure
T04 | Minimos
TO5 | Minimos

Mixed-Mode Part |

Description

NMOS 250nm
NMOS 250nm - Single transistor inverter

PMOS 250nm

CMOS inverter

CMOS inverter, compact and distributed MOSFETSs

AN
g/oba/XTEAD solutions —_
o
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Introdu

This tutorial demonstrates the design-of-experiments (DOE) and parameter-fitting capa-
bilities (optimizer) of GTS Framework, which are aggregated in the Scripting tool. Its
functionality is provided by the GTS JobServer.

In the second example, it illustrates the usage of the post-processing tool to show the
influence of a device parameter to specific figures of merit of a MOSFET, such as Viy, Ion,
Iorr, and the sub-threshold slope.

Using This Ti

GTS tutorials generally consist of a written description (this text) and a GTS project
(simulation data) which you can open in GTS Framework (yellow items in project list). As
shown below, we recommend to create a working copy from the project, and proceed step

by step, guided by this text. If not yet familiar, please refer to the GettingStarted tutorial.

Only a few tutorials are included with the release; the others are available via MyGTS
at https://globaltcad.com/mygts. When logged in, please download the respective file
and extract it to the gts projects folder on your PC. After restarting GTS Framework, the
tutorial project will appear in the Projects list.

’-»‘@‘ This is an intermediate (level 2) tutorial.

This tutorial was created using GTS Framework Release 2014.09. Other releases might
need adjustments or have slightly different user interfaces.

DOE, Optimizer, Post-Processing \ 1

Working in a copy of a tutorial project, you can
open the yellow Txx ToolFolders at any time. They
contain the data of the described simulations,
which you can use forreference or as starting
points for your own simulations.
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38 () Global TCAD Solutions Framework <2> ~ &
‘ TOOLS I PROJECTS ] SYSTEM
Projects 1 -
| EINewproject | | @jopen | show: [ local tutorials & examples
ID  Project name Description Rating  Owner Last modified
=i}
= 2 MixedModel Tutorial: Mixed-mode simulation capabilities of Minimos-NT. = () 2015-02-0815:26:36
= - gStarted Tutorial: Basic handling of the GTS framework - () 2015-02-08 15:26:39
—  DeviceEditor Tutorial: Exemplary device editing capabilities of GTS Structure. - (. 2015-02-08 15:26:37
[® — DeviceSimulation Tutorial: Exemplary device simulation capabilities of Minimos-NT. — () 2015-02-08 15:26:38
- Take a look at advanced tutorials and more examples! A
> We probably have a tutorial or example close to your field of application, Download’
showing you directly how GTS Framework can help for your work.
Open GettingStarted Y @ X
3 = GettingStarted is a tutorial. What do you want to do?
Create working co| ust look
glaopy: J L J = Save new project )
Create your own working copy You will not be a ] )
and work through the tutorial to save any chan Project name:
GettingStarted (copy)
Project location:
/home/docubuntu/gts/Projects “Browse...
Full path (project folder):
/home/docubuntu/gts/Projects/GettingStarted (copy)
Cancel 0K
- N ) X
v

Copy

If you have not already done so, go to the
Framework Home and locate the project
associated with this tutorial in the Projects
list, and create your working copy from it:

1. Check “tutorials & examples”

2. Click on the respective tutorial project:
DOE, Optimizer, Post-Processing

3. Choose “Create working copy”
4. Check the project name, click “OK”

The project is created and opened, so that
you see the Project Home. — Ready to start!

A. If you miss the respective project,
please download it via MyGTS (click
“Download”, see previous page).

Alternatively, you can start the tutorial with
an empty project - just create a new project.
(The advantage of the tutorial project is that
you have the results at hand any time.)



DOE and Optimization are implemented in the Scripting tool, which runs on the GTS
Jobserver. Thus, the first chapter shows how to easily start a GTS Jobserver from the
graphical user interface.

The second chapter will show how to design a very basic experiment for varying a structure
parameter like the threshold dopant, which results in a shifted CV curve.

The third chapter will use the optimizer for parameter fitting. Exemplarily, two structure
parameters will be used to fit to a measured CV curve.

DOE, Optimizer, Post-Process
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PART 1. DOE & OPTIMIZATION 1.1 Personal Job Server

[E®) Scripting — GTaFfa)iework QoW

] 1.1. Personal Job Server

|—[ TOOLS I PROJECTS I SYSTEM

)
D J WelcomelfaiCTS FrameliiEiEEs , ‘IH GTS Framework allows to run a Personal
- An intuitive TCAD working environment,
managing projects, files, and simulation jobs. Jobserver directly on your machine, Wthh
can be used by you exclusively to queue and
;TS Framewo;f (l:;nprises the following tools, which you can use in your projects: Licenses Manuals run COmpIeX Slmulatlon JObS, SuCh as JObS
ructure
A m1:flti-dimensional tool for creating and editing device structures in a graphical user v that include a SpeCiﬁC DOE or use the
interface.

Includes parametrized device templates which can be extended by the user. . .
- optimizer.

Minimos-NT

A general-purpose semiconductor device and circuit simulator providing steady-state, 77

transient, and small-signal analysis of 2D and 3D device structures.

Developed in collaboration with Vienna University of Technology.

Vsp

A general-purpose device simulator with quantum-mechanical solver for arbitrary v
nano-structures, operating on the Schrodinger-Poisson equation system.
Developed in collaboration with Vienna University of Technology.

0 1.1.1. The Jobserver Tool

VSHE (Experimental)

A deterministic solver for the Boltzmann Transport Equation (BTE) using the spherical 7
harmonics expansion (SHE) method. Based on ViennaSHE developed at Vienna University of
Technology.

1. At the Framework Home, click
“Jobserver” to open the Jobserver tool

Geant (3rd Party)
A toolkit for simulation of passage of particles through matter. =
Developed by CERN - see http://geantd.cern.ch/

Vision
A multi-dimensional device visualization and graph plotting tool, for instantly displaying 4
simulation re ithi

Jobserver
_ GTS Net, built around the GTS Job Senver, provides the infrastructure for scheduling and
running jobs on distributed resources.

Fjr M W F & F

¥
X
0
2
]
b3
g
¥
L
4]
Z
9
=
=]
Jd
0
U]
a]
g
Q
=
-
g
Q
0
-
U]
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release-gts-2014-09_GCCLinux x64_S release-gts-2014-09.

1.1.2. Jobserver

jobserver @ jobserver @ The Jobserver Manager shows a list of
B <l 1 M <iEE Jobservers you can start or stop. Per default,
(Jobservers Jobservers there is only the Personal Local Jobserver in
Personal Local Jobserver start |~ 0 Personal Local Jobserver stop |~ the hst Wthh iS used ].n thlS example
= stopped r 1 host in 1 hostpool ’ '
& 0 tasks pending, 8 cores free .
1. On the Personal Local Jobserver, click
Jobserver on SGE submit E Jobserver on SGE - Sta_[‘t
stopped i stopped
= 2. After a short time, you should see that
— — .
Jobserver on LSF [ submit | A - Jobserver on LSF ‘v, the JObserver has Started' as Shown mn
g Sorped & stopped the right-hand side part of the image

< Add Jobserver ¢ Add Jobserver

If you have a gri:i' enéine (SGE, LSF),
a respective Jobserver item is shown
in the list, and we recommend to use
the Grid-Jobserver - click Submit on

the respective }is;i_&em.

J

The GT
simulat

IEh¢

¥
13
0
2
W
3
g
14
L
0
Z
9
5
|
)
0
0
a]
g
0
=
-
<
u}
0
<
U]
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oo ()

Jobserver [EX
| release-gt...

¥
13
0
2
W
3
g
14
L
0
Z
9
=
=]
<
0
0
a]
<
0
=
-
<
u}
0
-
U]
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Scripting — GT%Fra ework (OND)
TOOLS * PROJECTS I SYSTEM ]
1 »
Projects
@] New project ] | ®open | show: [ local (V] tutorials & examples
ID _ Project name Description Ratina  Owner Last modified
) " Create new project [OROFS) 3
= - () 2015-02-0815:26:36
= - Create empty project "from scratch” () 2015-02-08 15:26:39
&= - O create working copy of tutorial: (choose this to work through a tutorial) (=) 2015-02-08 15:26:37
C isti ject:
B o | © Copyedstingprojec (L) 2015-02-0815:26:38
Project name Description Rating Last modified
A
lownload
v
Select where to put the new project: o’aE Save new project o)
GTS Framework server (visible to public if created in free acci Project name:
@ Localdisk (possible with local installation) Scripting I
4 Project location:
[Idatalckernstocklgtsll’roiects ] [ Browse... ]
Full path (project folder):
fdatafckerr kigts/Projects/Scripting
C: |
:
s

1.2. DOE: Parameter Stepping

This section shows the usage of the Script
tool for designing experiments. For a simple
example, we will study the effect of varying
one structure parameter (the threshold
dopant) on the CV curves.

1.2.1. Project

We recommend to use a working copy of the
respective tutorial project, as explained in
the introduction. If you have already done
so, just switch to the Project Home and skip
this step. Otherwise, please create a
working copy (for details, please see the
GettingStarted tutorial).

Alternatively, you can create a new Project,
and name it as you like, f.i. “Scripting”.
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Project
[& scripting

Jobserver

[ | release-gt...

Local project:

‘@‘ Scripting

% Description

I e

[ Save project ] [ M Close pm]snt—]

¥ Details
Project type:  Local, user
Folder: /data/ckernstock/gts/Project: ing
Modified: 2015-02-13 12:55:15 )
Size: 1448

}oolFolders

] Add tool ] [ ] Add script ] [ Import Tool ]

Within each project, the framewol

Each tool you use stores its data i
For each tool, you can create as m|
Or, you can always work in the

To start, click the Add toof button

A

DOE, Optimizer, Post-Processing

1.2.2. Structure

First, let’s use Structure to create a device
from one of the GTS-supplied templates:

1. Click Add tool
2. Select Structure and click OK
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Scripting/001 —ggjkmework

@ = - _Reload Save > u [Templates@loe'vice Grids Geometry] + l

50 O
L
Template
Project
Scripting
Jobserver EE
[0 release-gt...
Structure  EEX V] Keep Info
= oo1 filepath
Choose
Variables
v,
) Name
[
Z
Q Create
) L~
< Segments
= Segment
<

oo (@ Choose device template

Please choose a template:

Folder

- I

| structure

NMOS 85nm
structure/nmos_65nm_2d_soi.ipd

.
A~
Hﬂ‘

GTS device template nmos_65nm_2d_soi.ipd

2D

|

DOE, Optimizer, Post-Processing

1.2.3. Template

Create an 65nm NMOS FET from a template:
1. Open the File menu,
© Choose New
® Click Create device from template

2. Use the filters to search (NMOS, 65nm,
2D), and select the template
nmos_65nm_2d_simple and click OK

3. Back in the Templates page view, click
Create device
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so (@) 1 Scripting/001 — GTS FFamework (ONORD)
PR \
@ ® || [ Filew || Reload | | save 3 J Templates & I Device | Grids | Geometry | +
< <
58] ; :
Template
Project ®
roje um I—l.O um I—O.S um 0.5 um 1.0 ut
Scripting Type: NMOS 0
Typ.L.: 85nm | | rum
Jobserver EHX Dims.: 2D
[ | release-gt... 1 [
N ®) Choose next tool
Structure EE V] Keep Info —
= om fdataf...refnmos_65nm_2d_si Choose the tool ‘2‘99 next:
( Choose device templ‘
Variables
é NETE [value *: Structure | Minimos | VSP VSHE Geant
0 gateLength 65.0nm | ¥ Classical device and circuit simulator (GTS/IUE)
oxideThickness  1.40 nm
E oxideThicknes... 1 The results in this ToolFolder will be copied to the new ToolFolder, i
>3 oxideThicknes... 10.0nm | to be used as input for the new tool. ﬂ
< sourcewellLen... 1.0 .
v drainwellLength 1.0 * gai (®) Create new ToolFolder
(N sourceSpacer... 1.0 * gat¢ [_] Copy settings from other Minimos ToolFolder
drainSpacerle... 1.0 * gat¢
g E’SEEI_%‘I’:::::‘S ;:g;gr?‘“ () Update existing Minimos ToolFolder
0 contactThickn... 150 nm = | ) 2.20e+21
S contactThickn... 20.0 nm (O Duplicate this ToolFolder 1210420
3 devicewidth 200 nm '
trenchwidth deviceWic Cancel 6.62e+18
< 1
0 Create device | | Re 3.63e+17
0 R 1.99+16
3 Segments 1.09e+15
-1.67e+16
Q Si it Material
= | Segmen | Material \r -3.04e+17
® Source Conductor A
:tj ® Drain Conductor 3.94e+18
o Oxide si02 =2.0 um -1.01e+20
0 ® OxideSource... Si02 mA-3
] ® OxideDrainSi... Si02 ¥
U]
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1.2.4. Next Tool: Minimos-NT

To set up the simulation, we create a

Minimos-NT ToolFolder:
1. Click the Next tool button,

2. Select Minimos and click OK (or
double-click Minimos)

3. Select Create new ToolFolder, click OK
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5o (@ Scripting/002 [Next from QOll} GTS Framework (OND)] \x;\
r@ ® [ File v Reload | | Save | | = | | setup | Details | control | +
H 4
» »
h— (> Mod
ode Solver Options
Project ® ~ Device ( ur .
Scripting f lteration scheme: DD ¥| (] Direct solver: 4 v core(s)
Jobserver EHXE 1 AC Analysis 2
34 ~
- release-gt... ‘@ Enable  Frequency: |Constantwva.. ¥| Value: 1.0E9 Hz
Structure EHX
[E Transient Analysis
Minimos  E& (] Enable } J
002

3 @

¥
13
0
2
W
3
g
14
L
0
Z
9
=
=]
<
0
0
a]
<
Q
=
-
<
u}
0
-
U]

Device parameters {~Device loaded from /data/ckernstock/gts/Projects/Scripting/002/minimos.devbz}

[ Initialize with input file Write quantities: | First step \v]  Grid: |simulationGrid Iv)

show: (V] contacts (V] semiconductors || oxides (] interfaces

A

Drain
Véltage v Constant va... || Value: WV

(V] output A

(] output AC cu
AC analysis: U= 0.0 V+] 0.0 V Cp= 0.0F Lp= O00H [ capacitance
(__w J Models

Gate
|voltage ¥ ol 2o 20 ]V Step: ¥ output vl
(] output AC cu
AC analysis: U= 0.0 V+j 0.0V o= o0 = 4 (V] capacitance
% Models
Thermal Contact
LT -
] set: Type: E,; L From device
| g 2
T 300.0 K Ry= 0.0 Kem Al R= 0.0 0 E,= -0.56 eV h
L . = v
EIN S
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1.2.5. Setup CV Curve

. Enable AC Analysis
Set the frequency to 1 GHz
. Step the gate voltage from -2 V to +2 V

. Enable writing the capacitance

GoRwoN e

Set the work function difference to
-0.56 V

6. Click Run or Submit.

If you click Run the simulation will
start immediately on your machine.
If you click Submit the simulation
will be started via the Jobserver
which may save resources on your
local machine and allows to close the
framework while the simulation is
running.
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[5Xe) Scripting/002 [Next from 001] = GTS Framework oo
PE—
® [ File v ] [ Reload | [ save | | B [Setup ] Details I Control I Device I Curves lZJI + ]
! t 1 4
h— Files {data sources) T T T T T T T T i
Project ®| [ )| 2.0e-15( |
minimos_out.crv e ®
Scripting [ = ] |
——— CGate [s*AN]
Jobserver EHE ‘—
] release-gt... Attribute | Unit | * |of
1.8e-151— =
Gate v 1%
Structure  HE frequency 1/s 1
VSource v 1
001
= ISource A 1
Minimos & VDrain v 1
IDrain A 1
= 002 VGate v 1 1.6e-13 7]
IGate A L
¥ WBulk v 1
¥ 1Bulk A 1 g
u] wwell v 1 &
< a3 &
s = 1.4e-15 A
R
. e —T Ty ll
3
g
14
L
0 Calculate Attribute 1.26-15
é [ Function Functional |
= .
) (V] same factors (*) for all files
5 (V] same ¥ selection for all files 1.0e-15|— —
)
a) Plot Range & Scale
< |l N
R) Logarithmic: [ % [JY =)
=
8.0e-16 — -
4 (V) Autoscale L 1 1 | 1 1 L |
g X 2.00 .. 2.00 =2.0 -1.5 -1.0 0 0.5 1.0 1.5 2.0
0 Gate [V]
o ] 8.00e-16 .. 2.00e-15
U} Graph | Table
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1.2.6. Result: CV Curve

In the control panel of the curves page,
select CGate to show the resulting CV curve.
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5o (Q Scripting — GTS Fragiework N | DO . .
e — . - 1.2.7. Adding a Step/DOE Script

@ ® Lsocal .pl'oti?(:t: [ e [ Save project ] [ Close project ]

cripting

Project o Detaile p—— Now, we go back to the Project Home

Scripid ( Project type:  Local, user Ty, S— 1 ( ] . .

Jobserver B Folder: /datajckernstock/gts/Projects/Scripting 1 * C]']'Ck Add Scnpt

[ releasegt... || | Modified: 2015-0213 12:57:21 .

structure. @@ || | Sz 850.7 kB J l 2. Select fstep and click OK.

= oo

ToolFolders

Minimos B

= 002 [ & Add tool ] @] Add script ] [ Import Tool ] show: (V) Structure (Y] Minimos (Y] vsP (V] vision

71D Tool Wnts f

001 Structure ¥ \T
[E3 002 Minimos ¥ [Next from 001]

2

=0y [ =2 3] Last modified
RO () 20150213 12:56:47
O =0 () 2015021313038 |

Choose the script you want to create:

LAMEWORK

R

Step / DOE

[comen ) (o]

z

TCAD

GLOBAL

DOE, Optimizer, Post-Processing 12 | rerr———————"
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56) Scripting/003 — GTS Framework o |
PE— E I
@D ® || [ Filew || Reload | | save | | 3&7 | JSetup I Details I Scripting |+
‘4 <
— @D Design of Experiment f — N i
Project = A
0 ! 1 28
- ; &
(8] Scripting ’.,0—.!—.0—'.:'/' [ | | Structure: 001
fstepld Tasks |Files |Host | Tool | Status
[ release-gt... 1 = [a]
-
Structure  EE
= om
Minimos B
002
Script (=] [ Change Design of Experiment 1 )
= 003
|| @ simulator: Server
W i
s — =
< || S—" Y
| ‘
g ( Submit Cancel
9
=
=]
<
0
U]
a]
<
Q
=
|
<
u}
u]
- b
0} v
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1.2.8. Script: Adding Tools

In the Script tool, the table allows to specify
the experiment you want to do, i.e. the tools
that will be called and the respective
parameter sets.

The table header shows all ToolFolders that
are used in the experiment, i.e. each column
represents one tool. (It is pre-populated with
a special Output tool for extracting and
calculating results from crv file data.) The
Tasks column is special, it will show the
status of the tasks. Use the + button in the
table header to add tools, or the trash icon in
the tool header to remove it.

Our experiment (threshold dopant variation,
CV curves) involves two Toolfolders (001
Structure and 002 Minimos):

1. Click +
2. Choose Structure 001

3. Click + again, choose Minimos 002
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e Scripting/003 — GTS Framework Do w|
P— —

l—. |_File w | | Reload | | save | | 3&] | J Setup I Details I Scripting | + |

.- : - i ;
¥ Design of Experiment ﬁ-'-
Project ® I 3 *
| [
Scripting p l | : — )
Jobserver B | | 001 Structure <= =[5 @ 002 Minimos < =3 @ Output ¢ Tasks
fstepld Tasks |Files |Host | Tool
| release-gt... 1 1 1.2 =@ [a]
r

Structure EHX N ) Choose fstep Parameter ONORE)
= 001 » [ RefineBasesd : ~RefineDefaults A

. L » (LJ Metainfo
|n|mos B ; » & Template
002 ¥ (5 variables

i i 1 G h = 6.5E-8"m"
g Change Design of Experiment | L) gateL.angtl
Scipt 8 [ J | oxideThickness = 1.4E-9 "m"
E ooz | [ oxideThicknessVariation = 1
% Simulator: Server [ oxideThicknessSpacer = 1.0E-8 "m"
[ sourceWellLength = 1.0 * gatel ength = 6.5E-8 "m" ﬂ i

D sourceSpacerLength = 1.0 * gatelengih = 6.5E-8 "m"
|| drainSpacerLength = 1.0 * gatel ength = 6.5E-8 "m"
[ | frontContactLength = 1.0 * gatelength = 6.5E-8 "m"
[] bulkThickness = 2.0E-6 "m"

['] contactThickness2 = 1.5E-7 "m"

[7] cont bulkThickness = 2e-06 "m" «

|| deviceWidth = 2.0E-7 "m"

[ trenchWidth = deviceWidth /2.0 = 1.0E-7 "m"

[ trenchDepth = 3.0E-7 "m"

[ trenchHeight = 3.0E-8 "m"

[ trenchTilt = 0

|| sourceActiveAdd = 2.0E-8 "m"

[7] drainActiveAdd = 2.0E-8 "m"

[ dopingSD = 2.0E20 "cm~-3"

[7] drainwellLength = 1.0 * gatelength = 6.5E-8 "m"
| N
i

Subrmit Cancel

CAD SOLUTIONS FRAMEW

Edit: dopingvth (ipdREALQUANTITY) (ONORE)

oo (G

|| dopingSDdepth = 3.0E-8 "m"
dopingSDsigmayY = 2.0E-9 "m"
dopingLDD = 2.0E21 "cm~-3"

_[ Expression/Value I Attribute type ]

Reset to default: [No default] .
2 |_| dopingLDDdepth = 1.0E-8 "m"
O Set value: 4.0E18 cm”-3 B oplngLDlgmaY =20 ‘
[ h 0
B o | || doping igmaY = 2.0E-9 "'m"
(® Set expression: |fstep M| 4 ["] dopingVthdepth = 1.0E-9 "m"
|| dopingWell = 1.0E18 "cm~-3"
< [ 0.0/... 1.2E19 ] cm”~-3 Step: 4.0E18 cmD ) || dopingWelldepth = 1.5E-6 "m"
[ dopingWellsigmaY = 2.0E-9 "m" 3 I
[ doninnPalvGate = 1.0F21 "cm~-3" M
Cancel OK
(Lcanchl JofE ok |

Cancel OK |

DOE, Optimizer, Post-Processing - 14

1.2.9. Script: Parameters

Per default, each tool uses the parameter set
specified in the respective ToolFolder. Here
in the Script tool, you can specify
parameters to be overwritten by the Script.

To choose a parameter, click the + button
below the tool icon in the table header.

We want to vary dopingVth:

1. Click + below 001 Structure to add a
paramter for this tool

2. For the parameter to vary, select
~Variables.dopingVth

3. Click OK

4. In the next dialog, choose fstep from 0
to 1.2E19 cm™ with a step size of
4E18 cm?

Note the second row in the table header
below the tool icons: It shows the chosen
parameters. To edit a parameter, click the
yellow Edit icon. Use the trash icon if you
do not want to use a parameter any longer.

For more complex experiments, you would
probably add additional parameters for a
tool by clicking + again.
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Eye) Scripting/003 — GTS Framework Yo
@ ® [ File v ] [ Reload J [ Save | [ o] J [Setup I Details I Scripting I Script_out @ | +
i 4
. 1 W
— =D or: Server Task 0
Project

Personal Local Jobser... v
11—

Submit

Scripting
Jobserver EHX

[0 release-gt...

|
Cancel

Structure  EE

= o (% Scripting Tasks
-
Minimos B
T.. |Host | cmd (S
002 g o WK
o = 1 auto... gtsstruct... fin.. [J
Seileh =l 2 auto... mmnt min... fin.. [J
= 003 3 auto... fin.. O
a —— Linm gL
¥ Results ! a
V] Transfer all | Show results
crv
File [Seee | oae|
002/minimos_out_fsl.crv .. (V][a
002/minimos_out_fs2.crv ... (V]
002/minimos_out_fs3.crv u.. (V]
002/minimos_out_fsd.crv  u... @I,
o ealY

Update list Delete job

% Edit Script
-

Edit the script file in a text editor.

Edit script

GLOBAL TCAD SOLUTIONS FF AMEW

Simulator log {current StdOut/StdErr}
pu

VOTEFT Feb 13 13715:24 CET 2015
| Transferring files from gTsClient to gTslohServer

1'1/1 script.ipd [
Transferring files from gTsClient to gTslobServer

E
] done

1/2 structure_out.devbz [-

done

2/2 structure.ipds [-
Transferring files from gTsClient to gTslobServer
1/2 minimos.devhz [-

done

2/2 minimos.ipdm [-

done

: Starting for job 3, job name: Script job

: Task 1 pending for execution.

: Task 2 waiting for completion of task 1.
: Task 3 pending for execution.

: Task 4 waiting for completion of task 3.
: Task 5 pending for execution.

: Task 6 waiting for completion of task 5.
: Task 7 pending for execution.

: Task 8 waiting for completion of task 7.
asks created, waiting for tasks to get executed...
: Task 1 ended, state = finished{0).

: 7 unfinished task(s) remaining...

: Task 5 ended, state = finished(0).

: 6 unfinished task(s) remaining...

: Task 3 ended, state = finished(0).

: 5 unfinished task(s) remaining...

ask 7 ended, state = finished(0).

: 4 unfinished task(s) remaining...

: Task 2 ended, state = finished(0).

: 3 unfinished task(s) remaining...

: Task 8 ended, state = finished(0).

: 2 unfinished task(s) remaining...

: Task 4 ended, state = finished(0).

: 1 unfinished task(s) remaining...

: Task 6 ended, state = finished(0).

: 211 tasks finished, job completed.

: Shutting down.

End of output log.

: Multi-task job, preparing for distributed execution.

done

DOE, Optimizer, Post-Processing
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1.2.10. Run Script

In the Scripting page, we can now run the
Experiment:

1. Click Submit to run queue the
simulation on the Jobserver

You should now be able to watch the log of
the running job and its tasks in the working
area at the right.

2. After/while running, set fiter to “crv”
3. Enable Transfer all
4. Click Show results

You can press the Show results

button while the simulation is still .

running. In this case, results will be
visible as far as they are available.
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oo () Scripting/003 — GTS _g?amewom
@ ® File » Reload | | save | @ [ Setup I Details ] Scripting I Script_out ] Curves 002 E]l + ]
‘

o I — \\.‘ 2.0e15[ | ’ ' ' ' ' ' ' " When the job has finished, the Curves page

i 002/minimos_out fsl.crv © & -
scripting G g \t shows the resulting CV curves. At the top,
Jobserver EHE 002/minimos_out_fs3.crv @ ® J

B reloase-qt \ 002/minimos_out_fsd.ov® @ /’ the control panel shows the results of each
i —— i 1.8e-15-
Structure EHHE :

tool invocation. Clicking on the green eye
= oo allows to show/hide the curves of the
Minimos ~ EX frequency 1/s 5 . 1 .
002 VSource i respective simulation.

ISource
Script B VDrain
IDrain
= o3 VGate
IGate
VBulk
1Bulk
el
el

CGate SHAN

Calculate Attributeé]
RS

Function

(V] same factors (*) fol

«
G
x

1.2.11. DOE Result: CV Curves

Attribute | Unit | *
TQare v

0|

A

1.6e-15 —

In the table, right-click CGate and choose to
vary the colors over all files (for details see
the GettingStarted tutorial).

1.4e-15

CGate [s*&/V]

PPl PCPC

Display Settings...
Apply to this attribute » 15
Apply to all files >
Vary over all files
Set as X axis

We now see the CV curves for varying
threshold doping concentration.

Line width
Line color

2
W
3
g
14
0
Z
9
=
=]
<
0
0
a]
<
0
=
-
<
u}
0
-
U]

Sort by this attribute Symbols
‘ (V) same XY selection Add calculated attribute... | symbol color 1
Select all
Plot Range & Scale Histogram Mode L
et el
Logarithmic: (Jx (] Histogram Settn:!gs‘..
SR Smith Mode
-16 =
() Autoscale I I I | | I I I I
% 2.00] .. >.00 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 15 2.0
Gate [V]
] 8.00e-16 .. 2.00e-15
Graph | Table
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EEN®) Scripting — GTS Framlework (OND) \xj - -
" 1.3. Optimizer: Parameter
@ B Local.proi?ct: [ fedederde | save project ] [ [ Close project ] . N
L Scripting F’tt’ng
Project & ¥ Details % Description
; s
SciRig Project type:  Local, user
:N B8 || Folder: datajckernstock/gts/Projects/Scripting Usually measurements are used to calibrate
release-gt... Modified: 2015-02-13 13:20:24 . .
ructre 5 || See — a TCAD model. This section demonstrates
2 oo this use case in a simplified example. It will
. IFold 1
Mnmos @ | ToolFolders y ] , - \ ) modify two structure parameters — threshold
002 &1 Add tool &1 Add script | | Import T¢ &/ SelectScript D& show: V) structure (Y] Minimos (Y] vsp (Y] Vision (Y] Other d d d hick f .
Script B8 = i Tool wts Choose the Wznt to create: ﬁ B=0 m opant ana oxiae t 1CKNess — to t a glven
B 003 [E 001 Structure % I m =0 () 2015-02-1312:56:47 ; CV curve.
E 002 Minimos % [Next from 001] =0 =0 () 2015-02-13 13:03:58
A = s ® — W W=D (L) 2015021313:16:27
g Optimizer g ..
X g 1.3.1. Adding an"Optimizer
. o)
Z .. . .
g To Create an Optimizer Script, switch back
3 to Project page. Then:
0
2 1. Click Add script
<( . . .
9 2. Choose optimizer and click OK
-
g
]
D .
| oA
U]
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[5®) Scripting/004 — GTS Framework v & X .
e — : I e I 1.3.2. Script: Tools
@ ® [ File v ] [ Reload J [ Save J [ 2] ] Jsetup I Details ] Scripting | +
» —_— »
—— =1l Optimizer Parameters ‘ a * For the parameter ﬁtt].ng, two TOOlfO]-derS
Scripting _Paramter _nom __ min___ max | I j are involved:
Jobserver EHX Minimos: 002 e & e
M || @ simulator: server ore—zw Teonstraint (4 @ |Tasks lFIIes |Host ITonI |Status ® Structure 001
g -oC0 ~ A .
Structure EHX S ) (@) B
v oM
i o1 © Minimos 002.
[ ]
Minimos ~ EX R .
& 002 Submit cancel | (o ] Add these ToolFolders to the Script, as we
serpt @ || _r— did in step 1.2.9.
= 003
Script (=]63)
=l o0s [ I

N
14
L
)
Z
Q
=
=
<
0
0
8]
g
8]
=
.|
<
]
Q
-
0
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'obw

Scripting/004 — GTS Framework

[ File v | [ Reload | [ save | [ &7 |

«
S
x

(% Optimizer Parameters
-

PE—
@ = J Setup T Details T Scripting | +
Al <
» =

Project 53] | *
Scripting Paramter nom min maxf s i |
i "a0E18 | 2.0E18 | S.0E18 | __ i
Jobserver @6 dopingvth 4.0E18 2.0E18 8.0E18 | Optimizer
ideThicki 1.4E9  7.0E-10 2.8E-9 score (4 @ |constrain
[ release-gt... il EE NS | ‘T
Structure EX 1 2 3
&3 oo1 @ Simulator: Server
-
Minimos ~ EX ( *J
002 : :
Script B % —
& 003 Subrnit Carieel
Script {e23] '
n

= 004 0

K

¥

L

4]

Z

9

=

=

-

0

U]

a]

g

Q

~

-

u<3 56 () Edit: dopingVth (ipdREALQUANTITY) Yo S0

0

- _[ Expressionfvalue I Attribute type ] J ExpressianNaIueH Attribute type ] v

U]

Reset to default: [No default] A Reset to default: [No default] B !
O set value: 0.0 1/m~3 O set value: 0.0 m ‘

(®) Set expression: | Generic expression 2

optimize("doping¥th") * 1000000.0 "1/m~3"

cancel | [ ok |

(®) Set expression: |Generic expression v ‘

| optimize("oxideThickness") * 1.0 "m"

Cancel 0K
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1.3.3. Script: Parameters

For the Structure 001 ToolFolder, we add
two parameters. To do so, click the + icon
below the Structure 001 tool (as we did in
step 1.2.9). Alternatively you can add both
parameters at the same time via multiselect
(using the Ctrl key). Choose the parameters:

1. ~Variables.dopingVth ()
A - Accept default values from dialog

2. ~Variables.oxideThickness
B - Accept default values from dialog
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oo () Scripting/004 —QTS_E}emework [ (OO \x;
@ =® [ File v ] [ Reload J l Save J [ 2] J JSetup I Details I Scripting I Script_out & | + |
‘4 «
» = — . »
@D Optimizer Parameters P-- 9 |
Project (< | | 3 *
Scripting Paramter _nom min max o I:J * 1 y |
Jobserver ©@ dopingyth 4.0E18 | 2.0E18 | B.0E18 | | | 001 Structure < = @ |002 Minimos % =3 @ N Optimizer
M reloase-gt oxideThickness 1.4E-9 | 7.0E-10 || 2.8E-9 fstepld | dopingvth (£ @ |oxldeThIckness 4 @ score (4 @ |constraln:~
Ly
Structure  EE 1
B on =D Simulator: Server
- .
ey Yo
Minimos & |22 Personal Local Jobserver Tj
E Expressinw Attribute type ]
002 J A
pos [ — ! I Regeffto default: [No default]
Script - z
] B r
=l 003 @ ancel_ L—J Set value: 0.0 1
¥ y
Script (=]63) 4 \
= n (® Set expression: | crvCmp v
004

Reference Data

File |"../measurementData.crv" E]
w-ands for l Reference Values ]
Interpolation Gaig (y-anis) GeED

Simulation Data
File ["002/minimos_out" + ~Extern.fstep + ".crv" | G-

x-axis for Compared interpolated
Interpolation ‘Gate Values (y-axis) CEt8

Interpolation Type

Type | linear ) ']

Options
Scale [1.0817

| [ More opti

<

s
14
L
0
Z
9
=
=]
<
0
0
a]
<
0
=
-
<
u}
0
-
U]
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1.3.4. Edit Score Function

The optimizer minimizes a given score
function by varying the input parameter.
Thus this function has to be specified:

1. Click the Edit icon next to score
2. Set parameters as shown in the dialog

® The file measurementData.crv is
delivered in the base directory of
the tutorial.

Use the ... button to search for the

files. The ~Extern.fstep will be

inserted automatically and will be ’
replaced by the fstep file postfix

while running the optimization.
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06 () Scripting/004 — GTS Framework [OXSES)
] [ File v ] [ Reload | | Save | | &7 | JSetup I Details I Scripting I Script_out @ | +
< <
@D Optimizer Parameters e |
Project [ | 3 *
Scripting Paramter nom min ma:ru': = I:J § |
Jobserver B dopingVth 4.0E18  2.0E18  B.0E18 | i | 001 Structure & =B W (002 Minimos & *iiy W Optimizer
M reloase-gt... oxideThickness 1.4E-9 | 7.0E-10  2.8E-0 fstepld |dopingvth [f W |oxldeThIckness [ score [lf W |constraln:
1 4.000el8 1.400e-09 1.136e01 0.000 A
Structure @ 2 4.000e18 1.400e-09 1.136e01 0.000 7\
&= =% Simulator: Server 3 4.003el8 1.400e-09 1.135e01 0.000
001 r 4 4.000el8 1.401e-09 1.127e01 0.000
- S 4.698el8 2.800e-09 5.795e01 0.000
Minimos & @2 Personal Local Jobserver 6 4.349el8 2.800e-09 5.789e01 0.000
7 4.175el8 2.800e-09 5.786e01 0.000
e e e e e e ea 8 4.087el8 2.172e-09 3.811e01 0.000
script o8 =i 9 4.044e18 1.7862-09 1.977e01  0.000
~ Submit cateal ] (o 10 4.022e18 1.5932-09 8.546 0.000
E 003 11 4.022el8 1.593e-08 8.546 0.000
1 Y 12 4.025el8 1.593e-09 8.543 0.000
Script =] 13 4.022e18 1.594e-09 8.603 0.000
E 004 fl 14 8.000el8 1.499e-09 1.229e-01 0.000 "
15 8.000el8 1.499e-08 1.22%9e-01 0.000
Ky 16 8.003el8 1.499e-09 1.221e-01 0.000
& 17 8.000el8 1.500e-09 3.605e-02 0.000
18 8.000el8 1.558e-09 4.598 0.000
0 19 8.000el8 1.528e-09 2.280 0.000
b4 20 8.000el8 1.513e-09 1.090 0.000
0 21 8.000el8 1.506e-09 4.862e-01 0.000
- 22 8.000el8 1.502e-08 1.823e-01 0.000
= 23 8.000el8 1.500e-09 2.991e-02 0.000
24 8.000el8 1.500e-09 2.991e-02 0.000
< 25 8.003el8 1.500e-09 3.107e-02 0.000
0 26 8.000el8 1.500e-09 3.858e-02 0.000
0 27 7.435el8 1.502e-09 8.307e-01 0.000
Q 28 7.717el8 1.501e-09 4.185e-01 0.000
< 29 7.929%el18 1.501e-08 1.078e-01 0.000
0 30 7.993el8 1.500e-09 3.109e-02 0.000
=~ 31 7.996el8 1.500e-09 3.004e-02 0.000
J4 32 7.998el8 1.500e-09 2.986e-02 0.000
< 33 7.998el8 1.500e-09 2.986e-02 0.000
) 34 7.99%e18 1.500e-09 2.991e-02 0.000
0 35 7.998el8 1.500e-09 3.072e-02 0.000
Jd 36 8.000el8 1.498e-09 1.947e-01 0.000 v
U] =X 5>

DOE, Optimizer, Post-Processing

21

1.3.5. Submit

Now, let’s submit the experiment to the
Jobserver:

1. Click Submit
Watch the results shown in the columns.
You can continue the tutorial or other

work in GTS Framework while the
Jobserver performs its work.

You can close/open GTS Framework
while the job is running.
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[E®) Scripting/004 — GTS j}amework QoW
P S 1.3.6. Score
@ =® File v Reload J [ Save J BE [ Setup I Details I Scripting I Script_out I + ]
4 4
» »
— Files {data sources)

T T T T T T T : :
project @ | [ 1ev02 | . On the Script out page, the achieved score
- [script_nut.crv ® ® ] ! E E . -

— N —wem] {fj  Isshown.
Jobserver EHXE L \ I T
1e401 _
[ | release-gt... Attribute |Unit | * |o| E E
idst 1 1 F ]
Structure EHX ISco:e 1 1 X r ]
Constraint 1 1
& o dopingvth 1 1 1e+00 3 .
Minimos @ oxideThickness 1 1 F E
& o002 r 1
Script [=[E3] e Es E
= 003 g r ]
Script (=2]3] 2 le-02 1 =
&= 004 e 3 3l
Q L 1
14 ‘ r 1
- 1e-03 1 -
Calculate Attribute E E
0 — E E
é { Function Functional F g
P : = ’ le-04 =
) (V) same factors (*) for all files ‘ E 3
5 (V] Same XY selection for all files [ N ]
0 le-051 <
Plot Range le E 3
2 ' * - | £ 1
R) Logarithmic: [ % [ ¥ () L ]
=
1e-06 — -
4 V] Autoscale ‘ | | | | | | |
% X 0.00 .. 60.0 0 10 20 30 40 50 60
Q idstr [1]
] ] 1.00e-06 .. 100
U} Graph | Table
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[5®) Scripting/004 — GTS Framework o |
b
e — _ 1.3.7. Result
® [ File v ] [ Reload | [ Save ] (>8] | [Setup I Details I Scripting I Script_out I Curves 002 @I + ]
CE t 4
» »
— % Simulator: Server ﬁ
Task 0O .
project @ | [ || == To retrieve all result files from the Jobserver,
@ j | Simulator log {current StdOut/StdErr}
ot Personal Local Jobserver v A1 r .
2| Scriptin
(&8 scriting pfobr SEE T35K 135 peniiig Tor execution. T select Transfer all and click Show results.
Jobserver EE [ ] ‘ : Task 136 waiting fu[‘ completion of task 135.
! : Tasks created, waiting for tasks to get executed...
. release-gt... m e | ¢ Sent to Optimizer: 3.9368225036069975E-6 0.0 68
ance : (evaluate ((dopingVth 7.999988914693291e+18) (oxideThickness 1.499999955114762e-03)) (]
Structure EHE : Task 137 pending for execution.
Task 138 waiting for completion of task 137.
[ 001 % Scripting Tasks : Tasks created, waiting for tasks to get executed...
r : Sent to Optimizer: 3.7565181435794487E-6 0.0 69
Minimos =63 : (evaluate ((dopingVth 7.999999945068409e+18) (oxideThickness 1.499999955158318e-03)) ((j
Ta..|Host | cmd | : Task 139 pending for execution.
& o002 0 @[ : Task 140 waiting for completion of task 139.
- 1 autost 0 : Tasks created, waiting for tasks to get executed...
Seript =l D G @) [ : Sent to Optimizer: 3.6838127237515604E-6 0.0 70
E 003 3 autostm 0 : (gradient ({dopingVth 7.999999945068409e+18) (oxideThickness 1.499999955158318e-09)) ((i|
S o a1 ¢ Task 141 pending for execution.
Script =2 : Task 142 waiting for completion of task 141.
CHp : Tasks created, waiting for tasks to get executed...
= o0a Results ﬂ Sent to Optimizer: 3.6838127237515604E-6 0.0 71 (l
: (gradient ((dopingVth 8.000000245068409e+18) (0xideThickness 1.4999899955158318e-09))((
| SE: Task 143 pending for execution.
& @ Transfer all | Show results Task 144 waiting for completion of task 143.
L : Tasks created, waiting for tasks to get executed...
) l out ] : (gradient ((dopingVth 7.999999945068409e+18) (oxideThickness 1.499998956208318e-09)) ((
Z = = : Task 145 pending for execution.
File |St i ] : Task 146 waiting for completion of task 145.
Q 002im © fs30idevh @ : Tasks created, waiting for tasks to get executed...
~ mos_out_fs39.devbz  up... ] : Sent to Optimizer: 3.641755201405882E-6 0.0 72
u) 002/minimos_out_fs40.crv up... V) : Sent to Optimizer: 3.6185369303770687E-6 0.0 73
o 002/minimos_out_fs40.devbz  up... [V ‘ ¢ (result 1 ((dopingVth 7.999999945068409e+18) (oxideThickness 1.499999955158318e-09)))
0 002/minimos_out_fs4l.crv up... v Task 147 pending for execution.
AR R = Task 148 waiting for completion of task 147.
0 —
Update list Delete job : Tasks created, waiting for tasks to get executed...
Q : Final result found: 3.6838127237515604E-6 0.0 74
g : Job finished.
Q : Shutting down.
~ Edit Script
f End of output log.
3 ]
g Edit the script file in a text editor. E
) v
Q Edit script BN L
Jd g = -~
0 |
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oo ()

&

—

[ File w | [ Reload | | save | @

Scripting/004 — GTS jﬂamework

«
G
x

[ Setup I Details I Scripting I Script_out & I Curves 002 X [ +
‘

Project =
Scripting

Jobserver EHX
[ | release-gt...

Structure  EE

[E

Minimos B
002

Script B
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1.3.8. Optimizer Result

We can now see the resulting curves of the
optimizer steps, approaching the measured
curve from the file measurementData.crv;
in the screenshot, the calculated curves are
colored green, whereas the measured curve
is colored orange.

To display the final result more clearly, we
can also create a comparison plot of the final
optimized curve against the measured data.

To show the measurementData.crv
on top close the file and reopen it via
File — Open...

For details on how to compare two
curves, please refer to the Getting
Started tutorial.




Part 2

Post-Processing

This section illustrates usage of the post-processing tool to show the influence of a device
parameter (mobility) to specific figures of merit of a MOSFET, such as Vi, Ion, lorr, and

the sub-threshold slope.
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2.1. Vth, lon, Ioff,
Sub-Threshold Slope

2.1.1. Minimos

1. Switch back to the Project Home

2. Locate the Structure 001 ToolFolder,
and click its Next tool

3. Choose Minimos

4. Select Create new Toolfolder
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2.1.2. Transfer Characteristics

Setup a transfer characteristics simulation
with:

1. Drain Voltage = 0.1 V.
2. Gate Voltage = step(0V, 2V, 0.1V)
3. Work function difference = -0.56 V

4. Run or Submit
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2.1.3. Mobility

To be able to easily choose a parameter later
in the Script, we need to touch it in the
current tool, so that it is explicitly present in
the setup (not just an inherited default
value):

® Go to the Details page

® Touch the surface mobility parameter:
Navigate to
~Device.Phys.Semiconductor.Electron.
MobilityDD.MM6.uLISref300
and double-click it, then click OK
without any modification.

Note that the touched item is now black,
which indicates its explicit presence in the
setup.
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2.1.4. Result: IV-curve

o Switch to the Setup page and Submit
the experiment.

©® Modify the view accordingly, as shown
in the figure.

We now see the transfer characteristics.
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2.1.6. MOSFET Characteristics

Add the MOSFET characteristics:

1. In the Post-Processor group, click
Functional

2. In the post-processors list, click Add
3. Choose Mosfet characteristics

A respective set of post-processors is added
to the list.
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2.1.9. Adding the DOE Tool

1. Switch back to the Project Home
2. Click Add script
3. Choose fstep
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2.1.10. Setting up DOE

1. Add ToolFolder: Minimos 005
2. Add ToolFolder: Vision 006

3. Click Add parameter:
4

. ~Device.Phys.Semiconductor.Electron.
MobilityDD.MM6.uLISref300

5. Select fstep(100 cm?/V*s, 300 cm?/V¥*s,
50 cm™2/V*s)
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2.1.11. Output Values

1. Add Output
2. Enter name: Ion

3. Select the appropriate parameters:
file = 006/processing out.crv
Column Name = Ion

o If desired, perform step 3 for Ioff, Vth
and the sub-threshold slopes
accordingly.
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PART 2. POST-PROCESSING

2.1 Vth, lon, loff, Sub-Threshold Slope
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2.1.14. Result: lon/loff

To get the resulting on-current over
off-current plot, right click Ioff, click Set as
X axis and tick Ion. Select a symbol style to
your preference, for instance like shown in
the figure.




PART 2. POST-PROCESSING

2.1 Vth, lon, loff, Sub-Threshold Slope

oo () Scripting/007 — GTS Framework 0o ®
@ ® File v Reload | | save | @ [ Setup I Details ] Scripting I Script_out & I Curves 005 & I Curves 006 @ I Result 005 +
< 4
h— Files {data sources) T T T T T T T T T T T I
Project ® | f 0.0010 |- -
005/minimos_out_fsl.crv @ &
(8] Scripti S
& serip ing 005/minimos_out_fs2.crv @ ®
Jobserver & 005/minimos_out_fs3.crv @ ®
[ release-gt... 00S/minimos_out_fsd.crv @ ®
005/minimos_out_fs5.crv ® &
Structure  EE — 0.0008 [~ —
= om
Minimos &I Attribute | Unit * |o|
Gate v 1 X
002 M e
script  @E A 1L L -
E P v 117 0.0006
003 A 1 g
v 1] 2
Script B A 1] = ﬂ
v 1] s
004 A T 8
- v 1]
Minimos ~ EXE A 1] 0.0004 | |
005
&= Calculate Attribute
Vision (=[] f S
- Function Functional
w06 | Cometan) (@smeieneis
Seript (2]E3] *
crip! (V] same factors (¥ for all files el i
007 (V] same ¥ selection for all files
0]
Q Plot Range & Scale
< | —
) Logarithmic: [ []Y (=)
=~ _— ol n
Sl | O Autoscale ! ! ! ! L ! I ! L ! !
S(J % o.00] .. .00 0 0.2 04 0.6 08 10 12 1.4 16 1.8 2.0
0 . Gate [V]
] | Y 0.00 .. 0.00100
oy | Graph | Table
DOE, Optimizer, Post-Processing 40

2.1.15. Result: Transfer
Characteristics

The detailed results are not retrieved
automatically.

® You can choose to retrieve all results
(or only .crv files) on the Scripting
page.

® You can then show the transfer
characteristics (Idrain over Gate) for
all steps




Conclus

By some basic examples, this tutorial illustrated the use of the DOE / fstep functionality as
well as the optimizer and the post-processing capabilities in GTS Framework. We hope it
was useful, and we invite you to try more, such as exploring DOE with more parameters.

Further Reac

We welcome you to have a look at further GTS tutorials and examples, which

’ you can open in GTS Framework. Next to the basic ones included with

q the release, you can download more sophisticated tutorials and examples

from MyGTS at https://globaltcad.com/mygts. Extracting the archives

to your projects folder makes the tutorials visible in the projects list (highlighted yellow).
Previews are provided at http://www.globaltcad.com/en/solutions.html.

For additional information, please refer to http://globaltcad.com/ or feel free to contact
us at info@globaltcad. com.
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ToolFol: st

The project Scrip contains the following ToolFolders (TF):

TF Tool Description

TO1 | Structure Templa‘te: nmos_65nm_2d_simple.iﬁ

T02 | Minimos | Tutorial: [Next from T01] CV curve

TO3 Script Tutorial: Parameter variation: dopingVth -> CV curve
TO4 Script Tutorial: Parameter fitting: dopingVth + oxide thickness —> CV curve (measured)

T05 | Minimos | [Next from T01] transfer characterics

TO6 Vision [Next from TO5] MOSFET characterics

TO7 Script Parameter Variation: surface mobility - MOSFET characterics: Ion, Ioff, Vth, sub threshold slope

DOE, Optimizer, Post-Processing \ { 42



	GettingStarted I
	Introduction
	Using GTS Tutorials and Application Examples
	GTS Projects
	The Framework Home
	Opening (Tutorial) Projects
	The Project Home, ToolFolders
	The Project Home II
	Tool User Interface


	NMOS Transistor
	New Structure
	Creating a New Device
	Choosing a Template
	Creating Device I
	Creating Device II
	Template Parameters
	Comments, User Manuals

	Device Simulation
	New Device Simulation
	Editing Comments
	Setting Up the Simulation
	Running the Simulation
	Electron Concentration I
	Electron Concentration II
	Electron Concentration III
	Setting Gate Bias
	One-Dimensional Cut I
	One-Dimensional Cut II
	One-Dimensional Cut III

	Transfer Characteristics
	Simulation Setup
	Plot Transfer Characteristics

	Output Characteristics
	Duplicate Toolfolder
	Edit Comment
	Setup Gate Voltage
	Setup Drain Voltage
	Output Characteristics Plot


	Scaled Transistor (90 nm)
	Device Generation
	Creating a New Device
	Choosing a Template
	Editing Template Parameters
	Project Home / Editing Comments

	Transfer Characteristics
	Copying Simulation Settings
	Editing Comments, Run
	Transfer Characteristics Plot
	Display Settings

	Output Characteristics
	Duplicate Toolfolder
	Editing Comments in the Project Home
	Updating a ToolFolder
	Updated ToolFolder
	Output Characteristics Plot


	Comparing Results
	Transfer Characteristics
	Select Simulation to Compare
	Plot Configuration
	Display Settings for Multiple Curves
	Moving the Legend Box


	Conclusion
	ToolFolder List

	GettingStarted II
	Introduction
	Project / Working Copy

	DOE Workflow
	Simulation Setup
	Create Structure
	Device Templates
	Nanowire Structure
	Create Device 1
	20nm 2D Nanowire Structure
	Minimos
	Simulation Setup 1
	Simulation Setup 2
	Run Simulation
	Device Characterics

	Parameter Extraction
	Create Vision
	Select Output File
	Definition Settings
	Settings - Vth
	Settings - Ioff, Ion, SS
	Parameters Extraction

	Design of Experiment Setup (DOE)
	Create DOE Script
	Add Tool 1
	Add Tool 2
	Edit Structure Folder
	Add Output Parameters 1
	Add Output Parameters 2
	Jobserver 1
	Jobserver 2
	Submit Jobs
	Simulation Status
	Simulation Result

	Normalization
	Postprocessing 1
	Postprocessing 2
	Postprocessing 3
	Postprocessing 4
	Results: Normalized IV Curve

	Design of Experiment
	Copy DOE Script
	Edit Script 1
	Edit Script 2
	Edit Script 3
	Check Setup
	Check Setup 2
	Run Simulation
	Check Results
	Create Curve


	Conclusion
	ToolFolder List

	DeviceEditor
	Introduction
	Project / Working Copy

	Editing Device Doping Profiles
	Use Device Template
	New Structure
	Transfer Characteristic

	Vth Implant
	Add Doping
	Edit Doping Parameters
	Edit Gaussian Distribution - Drag Points
	Edit Gaussian Distribution - Menu
	Edit Doping Area - Drag Points I
	Edit Doping Area - Drag Points II
	Edit Doping Area - Menu
	Vertical Cut
	Net Doping Profile
	Copy Simulation Settings
	Open Files to Compare
	Compare Results


	Editing Device Structures
	PolySi Gate
	Structure ToolFolder
	Edit Shapes
	Change Size
	Add Segment
	Add Segment Shape
	Set Segment Material

	Edit Dopants
	Add Dopants

	Edit Grid
	Add Refinement
	Adjust Refinement
	Make Simulation Grid
	Net-Doping Profile, 1D Cut
	Display One-Dimensional Cut
	Copy Settings, Compare Results
	Carrier Density
	Carrier Depletion


	Editing 3D Device Structures
	Extrude Segments
	Duplicate, Switch Mode
	Extrude Segments
	Extrude Doping

	Edit Grid
	Add Refinement in Third Dimension
	Adjust Refinement
	Create Simulation Grid
	Net-Doping Profile
	Device Simulation

	STI-MOS
	Add Trench1
	Finish Trench
	Extend Oxide
	Extend Gate and PolyGate
	Add Substrate
	Extend Bulk
	Edit Grid Using Drag Points
	Edit Grid
	Compare 3D Results


	Comparing Results
	Add GTS Vision Tool
	Open Files to Compare
	Compare Output Curves: 2D, 3D
	Compare Output Curves: 3D Trench


	Conclusion
	ToolFolder List

	DeviceSimulation
	Introduction
	Project / Working Copy

	Steady State Simulation
	Transfer Characteristics
	Device
	Setup Idlin, Idsat
	Results

	Impact Ionization
	Initialize With Input File
	Analyze Performance Gain
	Results

	Oxide Tunneling
	Setup Quantum Tunneling
	Results


	Transient Simulation Mode
	Switching With Contact Resistance
	Setup Transient Simulation
	Add Contact Resistance
	Results

	Self-Heating
	Setup
	Results


	Small-Signal Mode
	CV-Curve
	Setup AC Analysis
	Density Gradient, Detailed Settings
	Results

	Interface Traps
	Setup SRH Recombination
	Trap Concentration
	Results


	Conclusion
	ToolFolder List

	MixedMode
	Introduction
	Project / Working Copy

	Single Transistor Inverter
	Set Up Mixed-Mode
	Structure
	Create Distributed Device
	Create Minimos-NT ToolFolder
	Switch to Mixed-Mode

	Create Circuit
	Add Distributed Device
	Rotate Device
	Add Gate Voltage Source
	Add Nodes And Wires
	Add Drain Voltage Source
	Complete The Circuit
	Edit Resistor Properties

	Simulate Transfer Characteristics
	Edit Drain Voltage Source
	Edit Gate Voltage Source
	Set Up Output Quantities
	Result: Transfer Characteristics
	Result: Output Voltage


	CMOS with Distributed Devices
	Add Distributed PMOS
	Create PMOS
	Create Minimos-NT ToolFolder
	Load Distributed Device
	Configure Distributed Device

	Edit Circuit
	Add Distributed Device
	Complete Circuit

	Simulate Output Voltage
	Result: Output Voltage


	CMOS with Mixed Transistors
	Edit Circuit
	Create Minimos-NT ToolFolder
	Add Compact Device
	Configure Compact Device

	Simulate Output Voltage
	Result: Output Voltage


	Conclusion
	ToolFolder List

	Scripting
	Introduction
	Project / Working Copy

	DOE & Optimization
	Personal Job Server
	The Jobserver Tool
	Jobserver

	DOE: Parameter Stepping
	Project
	Structure
	Template
	Next Tool: Minimos-NT
	Setup CV Curve
	Result: CV Curve
	Adding a Step/DOE Script
	Script: Adding Tools
	Script: Parameters
	Run Script
	DOE Result: CV Curves

	Optimizer: Parameter Fitting
	Adding an Optimizer
	Script: Tools
	Script: Parameters
	Edit Score Function
	Submit
	Score
	Result
	Optimizer Result


	Post-Processing
	Vth, Ion, Ioff, Sub-Threshold Slope
	Minimos
	Transfer Characteristics
	Mobility
	Result: IV-curve
	Next Tool: Vision
	MOSFET Characteristics
	MOSFET Characteristics Settings
	Result
	Adding the DOE Tool
	Setting up DOE
	Output Values
	Submit
	Result: Ion
	Result: Ion/Ioff
	Result: Transfer Characteristics


	Conclusion
	ToolFolder List

	Visit ParsOptics Group
	Buy Software

