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Course QOutline

* Sentaurus TCAD Overview

* Sentaurus Workbench

* Sentaurus Process 1D & 2D

* Tecplot SV

* Sentaurus Structure Editor — Building Meshes

* Sentaurus Device |-V simulation

* Inspect
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Course QOutline

°* 90nm nMOSFET Exercise

* C-V Device Simulation

* Breakdown Device Simulation
°* pPMOSFET Device Simulation
° Ligament introduction

* SolvNet Resources

= SolvNet Introduction
= 2D Strained Silicon 45nm CMOS Reference Flow Demo
= 3D nMOSFET Demo
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Synopsys TCAD Overview

SYNOPSYS
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TCAD Application Areas

Opto

LED, LASER
Image sensor
*Photodetector
*Solar cell

RF

*High-speed device
Compound semiconductor

Emitter

o Base Aly 3Gagy ,As

Collector

MICRO-DEVICES

© 2007 Synopsys, Inc. (5)

o+

CMOS

*Deep submicron transistor
*Sophisticated models
*Atomistic modeling

Memory

Power

Complex structure & process
*Mixed mode simulation

SYNOPSYS
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Sentaurus Product Family

Sentaurus Workbench = Flexible Framework Environment
= Advanced Visualization

Sentaurus Library d
= 2D/3D Process Simulation

Sentaurus Process = Calibration Library
H = Structure Editor Interface

Sentaurus
Structure

Editor H = 2D/3D Device Simulation
Sentaurus Device = Structure Editor and Mesher

= Application Specific Options
Technology Development

Calibration ﬂ S TEM = Process Compact Models
entaurus = Based on Calibrated Flow

. PCM Studio = Links Process Variation and
Manufacturing Control Device Performance

Integrated TCAD Flow from Development to Manufacturing

Synorsys
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Framework

* Provides a GUI-based simulation
environment

* Organizes simulation projects, runs
and results

* Allows large Design of Experiment
(DOE) and statistical analysis

°* Manages job scheduling & network
computing

° Enables interactive visualization
and analysis of simulation results

© 2007 Synopsys, Inc. (7)

> Select a DBTool

SENTAURUS PROCESS SIMULATION AND STRUCTURE GENERATION

Itoul |sprocess] |

lcategory |process A

Iacronym ]fps -
Iaﬂer |[Iisl START tesim cshell sde nofiset3d] j

Itool_binary | $app_data(bin_dinysprocess A

ldelay | -

lprocess-check | =

lprocess—unfold | -

'prncess—generate | hi

lpmcess- split- save_cmdl -|

lprocess—split-load_cmd | Oup oce emote
lvisual_category |process commands "N o2 |llog A
pref fdmp
licon |$app_data(i00n parameter <= ||grid
SiCparam doping
Isetup |{ 0s_In_rel @coj |config commands
; boundary boundary
Icmd_nne |'n@node@_fps ) |y plot
5 oy [orid tor
lepllogue I{ extract_vars "§ doping
Isyntaxcheck-command | piot
acplot
split-save_cmd “struct dfise=n@y |°P
I I 9 modegain
lsplit- load_cmd | init dfise=n@prd |10 v
- - All Known Filetypes Selected Filetypes
Icleanup | n@node@_@ir
Ivisualizer | - set tool output
lmanua| |$app_data(man- | Exit |
Iexec_mode |interactive ; # (INETECTTE T BateT) >
Isyntexcheck-option |-s j q - - [ (\ﬁuV
- B ]
linteractive—option |"—u" bl KERRRRARRRRARR
’batch-option I"-u -b" A

oK |

Cancel |

——
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TCAD Product Architecture

Sentaurus Device Editor Sentaurus Device

Sentarus Workbench

{=Crstrained
1{===unstrained

Drain Current (A/um)

Sentaurus Process PCM Studio

“LensMght  CLens Widh'  CMisalpiment  Cplical Powsr®  “Sel Vollage®  “Resdout Voltaps®
o 1

-
J.s F2ee17 1450400 Jﬂ Tl-0f [-1.728401
Ste1T
X husenn  Josnen
= - S— ==

S

1100400 833400 2130000 33640016 1430400 227001 7170001

a0

SN

1 rau16 [ s3s-01 5 62640
“Misaligament  “Colical Power  ~séh Vi -£uwwmmr “Slope*

“Lins Hight' ‘.[ﬂs'ﬁ\‘\ﬁlh"
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Process Simulation

°* Models wafer fabrication steps —=
= Implantation, diffusion, oxidation & _ L ETE EEE
lithography models are calibrated and OER e T
highly predictive | g | |

= Etching and deposition are typically

modeled geometrically TCAD process flow editor

90 nm nMOS

* Starts from flow description and o
layout

00: substrate

90nm nFET

Synorsys
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Structure Editor

< DEVISE

File Edit “iew Draw Mesh Device Help

EERIERNE Y EREEEEE]

= 3D Emulation

Bee@Oktac «00 & 7

|| siticon

=(isegeo:create—cuboid
(11> (position H1 ¥1 Z1)
(1l)> (position HZ ¥2 E2)
(11> "Gaas" "Layer_ 5"

1)=)]

0l
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> " From layout and geometrical
photo, etch, & deposition to
generate 3D structure.

2D and 3D iterative editor

= |ntuitive user interface

= Interactive scripting
/ * record GUI actions

» type/paste script command
* easy to debug

SYNOPSYS

Predictable Success



Device Simulation

0.1

°* Models the electrical, optical,
mechanical & magnetic behavior of ]
semiconductor devices 0 -

= Simulation is typically performed 005 -
on structures created by process ’

-0.1 0 0.1

simulation _ _ Simulated cur)r(ent density and
= Modes of simulation flow lines in 100nm device
- Static, time-dependent, largeand o

small signal frequency dependent ]

and noise modeling

* Highly accurate CAD models can be
extracted from device simulation

results .

T T T T T T T T T T T
0 05 1
aaaaaaaaa

Simulated electrical
characteristics

Synorsys
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PCM Studio

= i i )

e £ o o o
FHES BB e 1 Do ATTR] &P ¢4 @
Pemen  Somme |0 [ Pos [ | o

== T
o

/ PCM acts as a link between the Yield Management \ :
System (YMS) and TCAD | =
= PCM from TCAD

= In-process Metrology and Device Characteristics from
Manufacturing

* Graphical & Statistical analysis
* Visualization of experimental data
* Visualization of process-device relations N

Algorithmic analysis

= Reverse analysis
= Feed-forward analysis
k = Process Window analysis

? ] E

E
) | | | —— |
ol = & m

e

IO O
I ENEREE R
BN

HE

£

EAT]

- L
e -

— | | |

ses szl sl omlz o] ave o
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TCAD Consulting and Engineering

* Dedicated team of highly proficient engineers with

long professional experience

* Close collaboration with the Synopsys software
engineers

* Close collaboration with customers in consulting and

engineering projects
* Service project examples

Calibration
Process analysis and optimization

Difficult simulation types, such as 3D, full-chip,
SEU/SER, ESD

Customer specific technology templates
Customer specific training and know-how transfer
Model development and integration

Software integration: TCAD FabLink

Dedicated engineering projects

© 2007 Synopsys, Inc. (13)

As Concentration (cm-3)

1E21 4 <

1E20

1E18

1E17

& 10 keV: FLOOPS

& 5 keV: FLOOPS

@& 2 keV: FLOOPS
=—— 10 keV: SIMS
—— 5 keV: SIMS
— 2 keV: SIMS

SYNOPSYS
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Synopsys TCAD

Used by 19 out of 20 top semiconductor
companies worldwide

Technical and market leadership across all
technologies: DSM, Power, Memory,
Compound and Optoelectronics

Strong R&D program with research &
academia

Dedicated support organization focusing
on customer success

Complementary Consulting and
Engineering Service Offerings

Synorsys
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Sentaurus Work Bench (SWB)

SYNOPSYS
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Sentaurus Workbench

J

(a GUI tool to assemble process flow and layout data,
then translate to the input file of SProcess)

SProcess

S <cuure caror R S

I

v v
Tecplot SV Inspect
(2D, 3D) (1D, XY plot)

© 2007 Synopsys, Inc. (16) Synﬂpsyso
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Sentaurus Workbench

S C/STDBftest - SWB@thomasy-d630 vZ-2007.03

Project Edit Scheduler View Scenario Tool Parameter Experiments Modes Variables Optimization Calibration Extensions Help

=10l x|

O E o &

x

Y
]

|

Project Director
& Example Library

[~

i, K"»| Scenalio:lall

|z e 28 8| E e e H #

e & % 5 3D A B

Frojects “ 1| Project ] S cheduler ] t

B C/STDB Menu Bar

| B— 7 tmp Family Tree {iariable \-"alue;l

| I:l training_material

| |_ lest _ E@g

EI-rI:| o /S entaurusdtcad 2200 - AII
E—(_] Bipolar FENTATISE Sukll SuiEE]
B CMOS - - :
|:| GettingS tarted — lgate HalolDoze | HaloE nergy Pualyllop Wdd s L geff
B Heterc? 1 nis 1el13 15 Feld 15 0os 1.580e-01
4 nog 1e13 15 Fel19 15 0os B.798e-02
.—I:l k emony .
B[] Opto 3 006 1e13 15 Fel19 1.5 0os 3.796e-02
B[] Pawer L | 0.04 1213 15 Fel19 1.5 0.05 1.763e-02

Tool Flow

Parameters Bar

Simulation Nodes

1|

Edit mode

© 2007 Synopsys, Inc. (17)

IIE queued @ pending [running IE - - |- virtual (pruned -

Color Chart — indicating the status of each node

'l

-
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Overview

* Sentaurus Workbench is the primary graphical front end that
Integrates Synopsys simulation programs into one environment.

* Simulations are comprehensively organized into projects.

* Sentaurus Workbench automatically manages the information
flow, which includes preprocessing of user input files,
parameterizing projects, setting up and executing tool instances,
and visualizing results.

* Sentaurus Workbench allows users to define parameters and
variables in order to run comprehensive parametric analyses.
The resulting data can be used with statistical and spreadsheet
software.

© 2007 Synopsys, Inc. (18) Syn[] Psys®
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Starting SWB

* Before starting Sentaurus Workbench, a database directory to
store simulations must be created.

* Users must set the STDB environment variable to point to that
directory.

b uintided - SWEE nx wX-2005. 10 - = X
Eroject Eot Scheduler Yiew Sgenaric Jool Pgrameter Experigents [Nodes Vafables ptmization Cajbration Exansions Help

: x| Scenario: sl 4 e B BE-a -0 % @ & & & L F
Projeets LW Pmijget | Scheduler
] fremotefuzerilMedeDE .
] E=ample_Library Family Tree Wariable Yalues | |
7 Applicationg
] GemingStaried
1 TechTamplalas Mo Tools Mo Vamkables

| E={ ) Tooks
B np

| |

IEdl mode - modifed nore lquewed [ready pending runeing [dore [N (RO | i ﬁ-J
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Creating a Project

* To create a project:

= Project > New

= This creates a temporary project with a name similar to
g_Inx_2879 0.tmp in the tmp folder that can be viewed in the
Projects window

° To set up a tool flow:

= Right-click the No Tools node under the Family Tree
= The Add Tool dialog box is displayed

a4 Add Tool x
DE Toal: |sprocess| |*| Tools... |
Toal Mame: |spr|:u::ess

Command-line Options: |
o Use LIGAMEMNT
LIGAMEMT Crr d-line Qptions: |

Cancel

QK Apply
L | ooy |

Synorsys
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Editing Tool Command File and
Preferences

* Click on the tool icon
* Right click -> Edit Input -> Commands
* To change preferences, Edit Input -> Preferences

4 Edit sde preferences X

—aelect Execution kode

~ otart in interactive mode
4 Startin batch mode

—aelect Input Files

& Take "grid" file from the user
w Take "grid" file from the preceeding tool

% Take "boundary" file from the user

~ Take "boundary” file from the preceeding tool

Zancel |

3

J

Synorsys
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Running Projects

°* To run a project:

= Project > Run or Ctrl+R (alternatively, click the Run icon in
the toolbar).

= In the Run Project dialog box, click Run to execute the entire
project

Ld Run Project /remote/usersli/hude/DBE/tmp/s .

Modes all |

# Queue local-default j

e Use Qlueues == |

Execution Time |

‘ Bun | Qancell

|

Synorsys
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Viewing Output Results

* A given node has a number of input and output files associated
with it. These can be viewed by right-clicking a node and
selecting Visualize. All text and log files can be viewed using
SEdit by selecting them.

* All output data files in the case of Dios, Sentaurus Process,
Mdraw, Sentaurus Device, and Sentaurus Device EMW can be
viewed using Tecplot SV, or a plot of .plx and .plt files in Dios and
Sentaurus Device can be viewed using Inspect.

° In addition, the information written to standard output, while a
simulation is running, can be viewed by selecting the View
Output option.

Synorsys
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Changing Tree Display Attributes

none |queued |ready [pending [running [done [N [RORMER | virtual [pruned [afphan

* Every simulation node in a project has a color associated with it
that indicates its status. The color chart in the lower-right corner
of the main window of Sentaurus Workbench shows what each
color indicates.

* The format in which the Sentaurus Workbench project tree is
displayed is very flexible and user controllable. Users can display
solely the tool flow, or can number the various simulation nodes,
or can display parameters (splits), variables, extracted values,
and other details. To use this feature:

* From the View menu, select or clear the various options, or View
> Tree Options for more features.

Synorsys
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SWB Preprocessing

v'd Project Log /fremote/usersl/hude/DB/tmp/SWB_nmos x

® AS eaCh node |S run’ SWB Jremotesusers1/hude/DB/tmpSWE_nmos/glog.t-t

prlnts a message gueue “local:default" - 40 39 41 42 43 44 45 46 47 48 50 49 51 52 53 54 55 56 57

S8 60 59 61 62 10 11 12 12 14 21 22 23 24 25 26 O

: 5»>>> cleaning the index fils from previous simulations

® Before executlng a .. .. . Jfremotefusersl/hude/DB/tmp/SWB_rmos/, gindex
Frerreryry Initializing back-end schedulers. ..

¥333» 35> Loaded Schedulers are . local

SI m u |at| O n n Od e y SWB local% initialize "local® schedﬁler data

»»33» List of Active Schedulers : local

M H €44

preprOCGSSGS the Input fIIeS. Frerrerrrr job "10" status changed from 'gueved' to “ready’

33333353 0s_rm Sremotes/usersl hude /DB tap fSWB_ms}nlD_sfrps . Jjob
local®% submit job 10 for local execution

1 1 »rrrrrerer» job 10" status ch d £ ‘ready’ to 'pending’
* Upon preprocessing the files, | [ 2 cmore toniprod min/syah —vernose it 16 e 10 "esmose/tup/svm
—
I 1 Brar2re2e> job '10° status changed £ ‘pending’ to ' ing'

SWB creates Input files of 00.34.49 Jul 10 2005 job 10 <sprocessy starfed on host ‘hude-d740-lnx': "/re |
mote/tocadprod/binfsprocess -u nll fps, cmd” i

Frr2rre»ry job "11° status ch d £ ' d' to ‘ready’
the form o33 docem. Feemtasasersi e i/ emny oo mase 1 Fps. ob
local®% submit job 11 for local execution

»rrp2rp2r» Job "1l statu h d £ 'ready’ to ! d1 !
pp<node_number>_<tool_na | 5 i 4 et g o w0, e
¥r22rrirry 08 _rm Sremote/userasl Sode DB tmp SSWE rnmos/nlZ fps. job
me> Cmd locals submit job 12 for local execution

- - »>333»>2233» job ‘12° status changed from ‘ready’ to '‘pending’

¥r33xx333> Job "13° status changed from ‘queusd’ to ‘ready’
rrerrrrrir os_tm fremotefusersl /hude /DB tmp fSWB_rmos/nld_fps. job

Tara1l® cubhmit Aah 127 Favr Taral awamatd an

| Close |

L -
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Cleaning up Projects

* To clean up a project:

= Project > Clean Up.
= In the Clean Up Options dialog box, select the items to be removed.

= Click OK.
Y Ciean b Oplions i s wmgG
—Preprocessor Data ——— simulation Data —FProject Data
W Freprocessed files | W Output files W Clean up the tree
W Set variables W Extracted variables | W Renumber the tree
W Free the undo stack
W Log files
_| Project queues
W Froject summary
[l Cancel

-
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Adding Parameters

* In SWB, parameters can be defined and multiple values can be
assigned to them to create splits in experiments.
* To create each parameter:

= Right-click the gray box immediately below the Sentaurus Process
icon in the main window of Sentaurus Workbench and select Add.

= In the Add Parameter dialog box, enter the parameter name and
default value.

L d Add Parameter x

Farameter: IType |
Default Yalue: InMDS

(], cancel
- =

Synorsys
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Adding Parameters

* Next, insert the

fremotedusers1/hude/DBAMp/SWE_nmos_examplefgpp.log

parameters into the input | - ~
fl fth t | nd: par:si:]f ‘apiazeaa_lig. cmd” :ént.n 'Eﬂg_%ig. cmd '
- rocess lig.cmd, 4: ¢ ce Bnodel@ wi 'Qr |
lie o € 100k :Erm:esa Hg.nm 11: fﬂpl&:e B<lgate /2. 0+0 452 with '0. 49"
sprocess_lig.omd, 73: replace @<0.S5+*Llgate/-0.04:8 with '-Z2, 25°
I _h 1 rocess_lig.cmd, 73: replace @<0. 5+lgate+0. 03:@ with '0.12"
" nght CIICk the tOOI Icon :Erncssa lig.nm BS: rsglau:a E(Haln[lgsefd.ﬂ}@ with '2500000000000. 0
. rocess lig.cmd, 85: replace BHaloEnergy® with '15°
and select Edit Input > | |sfieceeslig. cud 67: replace e<Halolasesd. 056 vith 2500000000000, 0"

Sprocess

Commands. sprocess

lig.emd, 87: replace BHaloEnergy® with '15°
lig.cmd, 89: replace B<HaloDose/ 4. 038 with '2500000000000. 0

sprocess_lig. cmd, B9: replace BHaloEnergy® with '15°
sprocess_lig. cmd, 91: replace B<HaloDose/qd. 058 u:!.thl '2500000000000, 0°
* Insert the parameter as | |proceestis cnd. 81, ceplace ielobnergye math 150
@Type@ where focosssliq. cnd, 153. replace 80 S+1gatesD.39>8 vith ‘0.4
appropriate. P focsseTLiy. ond, 187, beet K me

sprocess_lig.cmd, 159: #set Tgox “x'
sprocess lig emd, 161: #set Tox '='
® TO preprocess the nd: parsing 'sprocess’' ligament conmand
ligament: replace Btool® with 'sprocess’

ro eCt n9: run ' Sremote/teadprod/binSligament -simulator sprocess -flow pp9 lig cmd -1
p J . ayout sprocess_lig. 1yt -contact sprocess_lig con  -layoutemd pp? lig. lef sproces
5 lig. cmd n9°
» TARDET sprocess

= Project > Preprocess or| | oone

% updating the SWE wariables from ligament

Ctrl+P, and view the G edde ema R e
values.

‘ Cloze |

- -
© 2007 Synopsys, Inc. (28) Syn[] PSYSQ
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Adding New Experiments (Rows)

* To create multiple experiments:

= Experiments > Add New Experiment.
= Enter the values for parameters

* Or right-click the parameter name and select Add Values

"~ T R X

Scenario: | all M Scenario: all =
Parameter: lgate M

Type: nkACS [

Igate: 0.18 || Min. value: 0.16 -

HaloDose:  |1e13 hd Step: 1

HaloEnergy: |15 B Mumber of Walues: |1 —

FolyDop: Bel19 - # Lin - Log

Vd: 1.3 [~ Farmat; | |

Vils: 15 -

L k. apply | Qancell JL Q. | Apply | cancel |J
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Using Scenarios

Scenarios are sets of experiments (rows)

Creation of different scenarios is particularly helpful when many
parameters are used

Experiments can be classified into separate scenarios to
represent different physical situations.

You can display different scenarios in the main window of
Sentaurus Workbench by scrolling through the Scenario menu
(black border) in the toolbar

e/usersl/hude/DB/tmp/SWB_nmos_example - SWB@InxvX-2005.10

Broject Edit Scheduler Miew Scenario Tool Parameter Experiments Nodes Variables Optimization Calibration  Extensions  Help

D o @ # & B @ «| sl Ao we i B0 % @ Q 4 ®FHPEHE
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Pruning the Tree

* Often, when many parameters are used in a project, certain
combinations of parameters are not required to be simulated.

* In such cases, the project tree can be pruned by terminating such
experiments.

* For example, assume that in the scenario Newl the experiments
for Igate=0.18, HaloDose=1e13, HaloEnergy=25, and Vds=0.05
are not required to be simulated.

* Therefore, the project can be pruned at node 41 as follows:

= Select node 41.
= Node > Prune.
= Nodes 41 and 53 are pruned and appear gray.

Synorsys
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Variables vs. Parameters

If a certain parameter is going to change only for certain
experiments, a variable could be used instead.

To add a variable:

= Variables > Add.
= Enter Vsub in the Variable field with a default value of 0.0.

This sets the substrate bias to 0.0 as before. The same could
have been performed by defining a parameter called Vsub.

Now assume you want to set the substrate bias to -1.0 V only for
experiment 3, (node 41), retaining 0.0 V for all other experiments.

Edit tool command file for node 41.:
= { Name="substrate" Voltage=@Vsub@ }

Right-click node 41 ([n41]) and select Set Variable Value. In the
dialog box, select Vsub and set the value to -1.0 V.

Now, preprocess the project. After it is completed, view
pp4l_des.cmd. @Vsub@ is replaced by -1.0 V.

Synorsys
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Exporting Scenarios and Experiments

* Scenarios, that is, sets of parameters and
variables visible in the SWB main window, can

be exported to a file either for use with a .| Export View ad
spreadsheet application or an external editor. o R pare
= View > Export. Column Delimiter:
- In the Export View dialog box, select Tab for the | # Cofma - Tab
Column Delimiter. - Space . Semicolon
+ Click OK w
= |In the Save As dialog box, select Tab delimited ok | —
(*.tdf) for Files of type and provide a file name = =

(for example) test.tdf. This exports the scenario
to a file.

Synorsys
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Importing Experiments

L Import Experiments

— aCEnario
Add to Scenario: [test ||

* Experiments > Import from

a File and select the file I REEEE

test.tdf. Type: # Column: |0 3~ Value: |nMO3 -

o lgate: # Column: {1 3 < Walue: |0.13 :J

¢ TO Creaite a Sccejnarlo |8 an HaloDosze: 4 Column: |2 % s Walue: [1e13 :

external text editor an IEI&L:LEuamu_Q Column- (7 2. . value [15 -

import it into SWB, create a

table, and save it in ~ Fomat

COmma-d6|Imlted or tab' Celimiter: - Comma 4 Tah -, Space ., Semicalon -, Other I_

delimited format.

Skip FirstII:I < Lines. Head|13 < Experiments.

| Treat Consecutive Delimiters As One

— Preview of fremote/users1/hude/DBAmpAe st tof

% BaloEnersy PolyDop  Ydd ds |j
0,13 leld 15 Bl 1.5 0,00 [—
b . L5 0,18 lels 1a Beld 1.5 1.&h
12 1= b | e 100 1 &R NGk r
Standard [Standard |Standard |(Standard Standard |S
1 [Type lgate HaloDose HaloEnergy PolyDop W
2 mMOs 0.14 5.00E+12 13 5.00E+19 1 oK | Bravious Cancel |
3 mMOS 0.12 6.00E+12 14 6.00E+19 lL — - = J

Synorsys
Predictable Success



Attaching Project Directories

* In addition to displaying the projects within the $STDB directory,
projects located elsewhere can be attached to the displayed list:

= From the Edit menu, select Attach Root
= Select the required project directory

* This procedure can be repeated to attach up to five project
directories.

* To remove a project directory:

= Select the required project directory.
= Edit > Detach Root.

* Only attached roots can be detached. The projects in the $STDB
environment cannot be detached, but they can be deleted
permanently.

Synorsys
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Copying Sentaurus Workbench
Projects

* To run a project, copy the project from the Examples Library:

= Open the Examples Library > Getting Started, and select the project
SWB_nmos.

= Right-click and select Copy.
= Select the tmp folder, right-click, and select Paste to place the project in tmp.
= Open the tmp folder and double-click the project SWB_nmos.

A J1emobe/usetsl Buds DEImp SWIL_nmox - SWEE lnx wX 200510, — o s _
Broject Edt Scheduler Yiew Sgenado Jool Paametor Experiments Nodes Vagables Opimizston Cajiteaton Exfesslons  Help |
D H O © R &2 B By « | Scenano|m L B i 0 % Q | QR |
Projech 3 Project | Schaouier
Br
B—_] AdvAzpic i Web
) Exampi o L&ra 7
g mC
B~ tvp T:I:jv»
Par, S-> ! 7 Vad Vo
; PR I5  1S) 21} 6018 2Ty - 3y 1S T ‘:‘:_
3 g re1dl : : :::;loos
2 Y- 0.0 7 mop2s g -"hza 6013 2 - M) ‘Sl"‘g 18 b
S 0 : " . 26 - | ryer 1 « [SIEOESE -
Simulation nodes-x @ gl (R s "‘x‘ s m7 .Na 0419 2% — | nX5) 0 * oy 15
: P25 18] — |00 8918 00k — | (n3s} 15 () °‘°:.
9 n7 el : . 1"::0“.
10 rd) 003 ' myas my ,.-p\zqhn.r-m . mnus:”q‘s: ; =
n ot 1032 . _| . [PAR 008 [oEY) - 0254 0224
= it 10121 NMETS 2oy - (IR20) 618 032 - | 039113 U e = =
|
| | !
o ront queues iwesy penang runeing (oo I I | -~ e N
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Archiving Projects

Sentaurus Workbench projects can be archived, that is, they can
be copied and compressed for later use.

To archive a project: Project > Export (tar).

All the files in the project directory are copied and compressed.

To import archived projects: Project > Import (tar).

In addition, projects can also be saved using Project > Save
Clean As, which cleans up the project before it is saved in an
uncompressed format.

Synorsys
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Online Manuals and Training Material
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Sentaurus TCAD Training

lodule Description

Tool Overview  An averview of the tools in the Sentaurus TCAD tool suite is presented

Module Time: 30 minutes

Sentaurus
Workbench

Sentaurus Warkbench is the primary graphical front end that integrates Sentaurus
simulation programs into one environment. It is used to design, organize, and run
simulations.

Module Time: 1 hour and 45 minutes

Sentaurus Process is 3 complete and highly flexible multidimensional process
modeling environment. It constitutes a solid base for process simulation

Sentaurus
Frocess

Module Time: 5 hours and 20 minutes

Ligamentis a generic interface for TCAD process simulation. The Ligament
environment is designed to set up and perform TCAD simulations at a high level of
abstraction.

SYNOPSYS

Predictable Success

© 2007 Synopsys, Inc. (38)

Module Time: 1 hour and 40 minutes

[& [ [ [ [ [ vy computer Y




Sentaurus Process (SProcess)

SYNOPSYS
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Outline

* Sentaurus TCAD coordinate systems

* Script file setup sequence

°* 1D example

* 2D example

* Implement external variable on Sentaurus Workbench

© 2007 Synopsys, Inc. (40) Syn[] PSVSQ
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Sentaurus TCAD Coordinate Systems
(default setting)

SProcess Tecplot, SDE, SDevice
D <
S E o o E
© 2 o 2
5 2 — 0
X X
© 0.2 C.U
l X l >
0 0.2 04 0 05
Y-axis (um) X-axis (um)
[1,-1,0] = [1,-1,0] =

Silicon miller indices
SYNOPSYS
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Script File Setup Sequence

* Setup initial mesh

* Define initial simulation domain

* |nitialize simulation & define substrate condition
* Setup process flow

= Oxidation / Deposition / Etching / Implantation / Annealing
= Rebuild mesh at appropriate steps

* Define electrodes
* Save full structure
* Extract parameters

Synorsys
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Ligament commands

SYNOPSYS
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Limitation of
basic Ligament Flow Editor command

The below table is comparison of supported features.

Support feature Non-support feature
by basic command by basic command

Anneal (Oxidation, Diffusion) *Trapezoidal and Polygon etch
*Anisotropic and Isotropic Etch “Fill

*Anisotropic and Isotropic Depo *Mesh strategy

*Epi Extraction of parameter
*Pattern(mask) *Changing models

sImplant

Complicated feature is not supported by basic command.

Synorsys
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= Insert command

* These special commands can be specified by insert command.

* These operation is used to insert original commands of Sentaurus
Process directly.

Basic rule
* There are characters, $, ", [, ] and \.

_)
\ is necessary to be placed just before these characters like below:
Examp'~ -
Original commanre— Modified commane—
refinebox name=emitter:\: refinebox name=emitter: \\:
min= {0 0} max= {1 O}ikj min= {0 0} max= {1 O}iXké
xrefine= {0.1} yrefine= {0.1} xrefine= {0.1} yrefine= {0.1}

—Error! —OKI!

© 2007 Synopsys, Inc. (45) Syn[] PSVSQ
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Basic command rule of
Sentaurus Process (1/2)

* Long commands can be separated into several lines by ending each
line with a backslash \.

Exambple:
etch Silicon type=polygon \
polygon= { 0.0 0.5 1.0 0.6
1.0 2.4 0.0 2.5

\
\

}

* If there is combination, = {value}. The command should be:
Ex arm:)|=é§pace]{value}

refinebox name=emitter min={0 0} max={1 0} xrefine={0.1} yrefine={0.1}

—Error!
refinebox name=emitter min= {0 0} max= {1 0} xrefine= {0.1} yrefine= {0.1}

0K soace ) _socce I socc DL svece

© 2007 Synopsys, Inc. (46) s nU PS SO
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Basic command rule of
Sentaurus Process (2/2)

* If there is combination, value<unit>. Ex) 50<nm>
User should not insert space between value and <unit>

Example

Diffuse temperature=1000 <C> time=30 <min>

—Error!
Diffuse temperature=100Q<C> time=30<min>
oK1

* Sentaurus Process supports “TCL script” command. Please refer to a
reference book or web if you want to know the detail.

Synorsys
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Taper etching
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Taper etching

Etch command supports basic

feature

> Isotropic

> Anisotropic.
Taper etching.

— Simulator-specific command is

necessary.

Performs a trapezoidal etching.
— Define the thickness and angle

parameters.

An examples is:

1.n3_ips.tdr0-0

-0.B

Taper

Anisotropic

© 2007 Synopsys, Inc. (49)
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EX: taper etching

1. Copy the project
“/PostBasic/question/sprocess/base”

under STDB folder.
2. Change copied project’s name to
“taper etch”. Variables & Macros  Flow ] Unfalded Flaw |
3. Open the project and start Ligament B F|.;.-.,. | o
Layout Editor. | e fg’ #header t "
--------- ENNVIFONMERN Ite
4. Delete the first etctrcommandifor | B et opert
POly - N S, PP #endheader
- e, deposit taterial
: ......... s deposit material
T B . W_p_a.ﬂ'ifﬂ layer
L] — =4t gtch O terial
>E' Bfch Del et%gterial
.......... & save hasename

Synorsys
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Ex: taper etching (cont.)

5. Insert “insert” command Variables & Macros  Flow | Unfolded Flow |

|
_ _ . I Marmes Arg
6. Specify etch of simulator-specific | |[3.= Fiow l l
. I ..........
command like below. i B eroromment e
. . . R &) substrate dapant
/. Finish Ligament Flow Editorand run! | . ¢ comment text
. - IR PR #endheader
the project. N R 5 denosit material
: ......... s, deposit material
I ......... 1} _ElltEl'r'l layer
L----.}g;;gpm} dios
......... gt etch tnaterial
.......... & save hasename

etch material=PolySilicon type=trapezoidal thickness=0.55 angle=85

8. If you have time, please try other
angles.

Synorsys
Predictable Success



Ex: taper etching ~the result~

1:n2_fps.idr D-0 2: n2_fps.tdrD-0

170° | 89°

0.5 0.5

T N R — I — T N — I —
0.5 1 1.5 0.5 1 1.5

SYNOPSYS
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Appendix ~polygon etch~

* Complex figure
— Use polygon etch to specify coordinates.

The example is:

etch Silicon type=polygon \
polygon= { 0.0 O.

ORRRR
COR RO
N DNDN OO
N E WO U
PP

SYNOPSYS
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Definition of mesh
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Mesh Overview (1/2) &

°* Mesh is important ;
Accuracy are dependent on the
mesh

* Surplus dens-mesh.
— Long calculation time.

° To improve calculation time,
dense mesh is placed at :

> strict profile
> strict geometry

© 2007 Synopsys, Inc. (55)

-0.5 -0.5
0 )
]
0.5 3] o5 3]
. 0.6 '_q . 12 ¢ 14 0.6 l’-—% ; 12 14
Differenc¢e of acecuracy'by mesh
sh for strict profile
= | —
o
0.5
9'
E ttttttt (EJeIAcuve) [rnn-3]
i
*einnnnnann e R LY Sammmmmin ' :1:3E .

Combination improves the perfo
SYNoPsys'
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Mesh Overview (2/2)

°* The mesh command is inserted before the implantation or
oxidation... process step
— This is effective to reduce calculation time.

* User have to decide mesh strategy.
* There are three types of mesh:

> line :
Initial mesh defined at first.

> mgoals :
Additional mesh for the interface at etching and deposition

> refinebox :
Additional mesh for change of strict profile and geometry by
oxidation.

Synorsys
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Mesh Type ~line~

* This is used only for initial mesh (grid) size.

* Mesh size is changed after “mgoals™ and “refinebox”.

' \ {\6
\O

© 2007 Synopsys, Inc. (57)
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Mesh type ~mgoals~ (1/2)

2: rocessirelinebox_each_slepind_02 ips.ddr 0-0
Jq EEEEEEEEEEEEEEEEEEEDR
0.5

fing

o

_each_siepind_00 ips.idr 0-0

°* mgoals means “Mesh and
Geometry OperAtions using
the Level Set method”.

* deposition and etching
— the geometry is changed

—Automatically works
along the interface

CESsiTe

0.2 o

each_siepind 02 ipsddr 0-0

irelineboy
EEEEEEN

15

L
L ]
L ]
L
LJ
LJ
L
L
L
LJ
LJ
L]
L
]
L ]
LJ
L
L}
L
L
L
LJ
L]
L
L
LJ
LJ
L)
L

* The right example shows

after deposition and etching.

© 2007 Synopsys, Inc. (58)
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Mesh type ~mgoals~ (2/2)

* User need to specify the parameter.

> The parameters (mesh size) of “mgoals” are important for
calculation of diffusion profile near the interface.

* It works on the interface of Si, Poly-Si and SiO, by default.

* The below statement “grid remesh” forces an “mgoals” remeshing

sten,
grid remesh

* “grid remesh” is recommended after an oxidation step because
“mgoals” does not work oxidation step automatically.

Synorsys
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Mesh type ~refinebox~ (1/2)

* refinebox works at the
specified local area
(“mgoals” works only the
Interface. )

* Explicitly specify the
coordinate of area.

* Generally strict profile is
appropriate area for
refinebox, see the right
figure.

© 2007 Synopsys, Inc. (60)

9 cess

relinebox

_each_slepind_02_ipsddr.1 0-0

on and annealing

[l

sprocessirelinebexn?_lps.idr

cessirelineboring_ps.ddr -0

Jﬂmﬂm!

r’ \‘, ! <— | \\'
A e g T
R o P - P N
Add refinebox o Tetineno.
There is the difference of profile!
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Mesh type ~refinebox~ (2/2)

[ Strlct boundary by OXIdatlon B sprocess/LO0 06 1es12inB_lps.idh 0-0 &: sprocess/LO00s 1esl2in 13 1ps idr 0-0
IS also appropriate area for
refinebox.
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Mesh command : mgoals ~usage~ (1/2)

mgoals min.normal.size=5<nm> max.lateral.size=2.0<um> \
normal.growth.ratio=2.0

pdbSet Grid Mgoals UselLines 1

Command option

* min.normal.size : The smallest normal (to the interface) mesh element
size on either side of an interface. The default value is 1nm.

* normal.growth.ratio : Used to increase the normal size of the element,
moving away from the interface. The default is 2.0.

* max.lateral.size : The maximum lateral (parallel to the interface)
spacing between elements. This Is, however, also used to define an
upper bound on the normal size. The default value is 1um.

Large Device .
— Larger value of “‘min.normal.size” and “max.lateral.size” than default
might be good. The calculation time might be improved.

Synorsys
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Mesh command : mgoals ~usage~ (1/2)

mgoals min.normal.size=5<nm> max.lateral.size=2.0<um> \
normal.growth.ratio=2.0

pdbSet Grid Mgoals Uselines 1

* pdbSet Grid Mgoals UselLines 1:
It is recommended to use the UseLines mesher because this produces
better element quality and better mesh reproducibility that reduces
numeric error due to interpolation.

Synorsys
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Mesh command: mgoals ~parameter~

1. n@_fps.tar 0-0

o

; !‘! wjnaJr.sﬁf_—’
e
1in.normal QMQ rowth.ratip "

0.02 =

L

0.03 =

-

004 " ” max.—'la{eraJTSﬂ'ze;

Synorsys
Predictable Success



Ex: mgoals parameters (1/2)

°* Purpose : confirm the parameters for

Variables & Macros  Flow ] Unfolded Flaw |

“mgoals”_ Mames | Arg |
B =
P e PP #head
1S:Opy the PrOJeCt _ T H enﬁﬁnﬁ:nent title
/PostBasic/question/sprocess/base” under | i E% substrate dopant
......... i text
srobs folder. i - .gegzgt;_nhienader E
2 .Change copied project’s name to “mgoals”. i""‘_—;,ﬂ;{g;,; A
: T R N e =, deposit terial
3.0pen the project and start Ligament Flow i .......... = piﬁifri E?fr”a
Editor L] b gt etch taterial
) Lo e £ etch material
. | ER—
4.Insert the “insert” command after ! =) save L
#endheader command. i
__________________________ ]
5.Specify mgoals command like below:
mgoals min.normal.size=@MNS@ normal.growth.ratio=@NGR@
pdbSet Grid Mgoals UselLines 1
SYNOPSYS
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EX: mgoals parameters (2/2)

6. Save and close Ligament Flow Editor.
Then, try two items.

» Vary min.normal.size’s value : 0.001/0.002/0.005/0.01
with normal.growth.ratio=1.41
Use parameter “MNS” in swb environment .

» Vary normal.growth.ratio’s value : 1.1/1.41/1.73/2.0
with min.normal.size=0.001
Use parameter “NGR” in swb environment .

Synorsys
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Ex: mgoals ~the results~

(min.normal.size)

16 _ipsdcr 0-0 2:n7 _Apsddr Q-0

0 113 04 [l I

-005 -0.05
] ]

1] 1]
— s = =] ——
| =l = = |
045 0.05
ks : RS o0 hy : o o0?
% [um] ® [um] .
3 nd_lpsddr 0-0 4: n9_Ips.idr0-0

0 I} | o ¥

005 005
]

1] 1]
= o
| =" 1=
045 06 0.05
b : YIRS B\ ; 4 R B
% [um]
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Ex: mgoals ~the results~
(normal.growth.ratio)

1:n3_fps.tar 0-0

2: N4 _fps.idr Q-0

ORCLCRLILE

WV VYL

UUUUU

3:n5_fps.tdr 0-0

UUUUU

© 2007 Synopsys, Inc. (68)
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Mesh command : refinebox ~usage-~

Minimum x/y Maximum x/y

Box name coordinate coordinate

refinebox name=box min= { 1 1 } max= { 3 3 } \
xrefine= { 0.25 } yrefine= { 0.25 }

Mesh size
direction

Mesh size
x direction

grid remesh

e \ means that the command continues in next line.

* "grid remesh" is negessary just after “refine2 -

01]
<

Caution!
Take care of coordinate
system. Y is horizontal
direction in Sprocess-

specific commands. ¢

Ll L
4
Synorsys
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Ex: refinebox (1/3)

* Purpose : confirm the effects of o) e‘bdl
refinebox command. W
1.Copy the project s S
“/PostBasic/question/sprocess/refinebox”
under STDB folder. Variables & Macros  Flow ] Unfolded Flow |
. . , Mames Arg
2.Change copied project’s name to = Flow | |
111 . 2 p p#header
refinebox” H environment title
. . . e hstrat d 1
3.0pen this project and start Ligament Flow | D s et
Edt .......... p p#endheader
itor. .| L Ea deposit material
. | o, deposit material
4 . Insert #if tommand before the mmptamt-—----- - 01 pattern layer
. ' T etch terial
command. After that, if and end commands | ---;,E;r;n~\ e
N I if \
are added. T
Then, specify @refine@in #if parameter | Ty spscies
of if command’s argument. | b save hasename

Synorsys
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Ex: refinebox (2/3)

{. Insert the insert command between

#if command and #endif command.

8. Specify refinebox command like

below:

refinebox name=RB.Top \\
min= {0 0} max= {0.75 3}
xrefine= {0.07} yrefine=

refinebox name=RB.Con \\

xrefine= {0.05} yrefine=
refinebox name=RB.Con \\

xrefine= {0.02} yrefine=

grid remesh

\\
{0.5}

min= {0 0.7} max= {0.5 1.2} \\

{0.05} \\

min= {0 0.8} max= {0.4 1.0} \\

{0.02} \\

9. Save and close Ligament Flow Editor.

© 2007 Synopsys, Inc. (71)

R — - — ]

Wariables & Macros  Flow ] Unfolded Flow |

Marmes | Ay |

B = Flow

.......... PR #header

--------- H environment title

---------- & substrate dopant

......... o+ comment tet

---------- PP #endheader

......... ma OEposit material

......... s deposit material

......... il pattern layer

......... gt etch material

......... gt etch material

---------- £ gl
- 9{1;_} ——msﬁﬂ‘ dios

.......... s EHEndit

......... s implant species

---------- 0 anneal time

b i SANE basename

SYNoPSys'

Predictable Success



Ex: refinebox (3/3)

10.“Parameter — Add” in the Sentaurus Workbench main window.
The Add Parameter dialog box is displayed.

11.Enter refine in the Parameter field and “0” as the Default

Value.
12.Click OK.
The “refine” parameter is added to the Sent Preiest | scheauter |
prOJeCt Family Tree
13.Add value “1” to the refine parameter. i
An Experiment with “0” is without refinebox s;r;;“f
An Experimant with “1” is with refinbox. : [ refng

Synorsys
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Ex: refinebox ~The results~

1:nG_fps.tdr 0-0

B T B e i Vs SN

-0.5

\

|

\

0.5

+o
0. .’-ﬁ.OEnﬁ 1.2

1.4

2: N7 _fps.ter-n
NS

-0.5

0

0.5 -3

)
+
0.6 l:._q_OEHg 1.2 14
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Ex: refinebox

~ comparison of 1D profile at y=1.0 ~

—

2 X-Shice 1

Doping Concentratioh [/cm

—
o=

3

=

Cj_n
w

108

1[}1]’

10'®

10'°

10

1" |

—=— Without refinetox
—=— With refinebox

C

0.2 .4

_Depth [um]
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Mesh command: refinebox ~Advance~

* Mesh size can be gradient by x/yrefine option

0 -
7] ]
N ]
2 - §>
] o
i N N ™ e e e
4_
L L L L
0 Z 4 B 8 10
refinebox name=left refinebox name=mid refinebox name=right
min= {1 1} max= {3 3} min= {1 5} max= {3 7} [|[min= {1 7} max= {3 10}
xrefine= {0.25} xrefine= {0.25 0.1} xrefine= {0.25 0.1 0.05}
yrefine= {0.25} yrefine= {0.25 0.1} yrefine= {0.25 0.1 0.05}

SYNOPSYS
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Extraction
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Extraction

* Sentaurus Process supports the extraction, layer
thickness, Xj and so on.

* This feature Is useful to check these values.

* Some useful command is introduced from next slide.

Synorsys
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Extracting oxide thickness

* Sprocess can extract the interface coordinates.
* User can extract material (layer) thickness.
°* An example is :

set x1 [interface Oxide /Silicon y=2]
set x2 [interface Gas /Oxide y=2]

puts "DOE: Tox_A [format %.1f [expr ($x1 -$x2)*1000]1]"

= “interface” is the command for extraction of interface coordinate.

= “puts "DOE..” is for displaying the result on swb.

= “Tox_A” is variable name for output.

= “format %.1f” is output format of the fractional part of decimal fractions.

= “expr ($x1 -$x2)*1000” is for calculation the difference of each
coordinate and convert unit from ym to angstrom.

Synorsys
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Ex: extracting oxide thickness (1/2)

°* Purpose : extract oxide
thickness

1.Copy the project
“/PostBasic/question/sproce
ss/base” under STDB
folder.

2.Change copied project’s
name to “extract tox”

3.0pen this project and start
Ligament Flow Editor.

4 .Insert insertcommand the -
last etch command and
define parameters :

© 2007 Synopsys, Inc. (79)

-0.4

-0.2

0.2

Variables & Macros  Flow ] Unfolded Flaw |

Extracting thicknesihere

1 1 1
1

T T T
12 14 IR 1.8 2

Mames | Ay |

E‘. (Wpnry

b2 N R A EY

--------- H environment title

......... ) substrate dopant

--------- o comment tet

---------- PP #endheader

......... B, deposit tatetial

........ o deposit material

......... il pattern layer

........ gt eich material
. é.i.!i..g,t,r_“h. material

- ':"_'_fEE'T} dins
i save bazename
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Ex: Extracting oxide thickness (2/2)

5. Specify sprocess-specific command in insert command
like below:

set x1 \[interface Oxide /Silicon y=2\]
set x2 \[interface Gas /Oxide y=2\]

puts \"DOE: Tox_angstr \[format %.1f \[expr (\$x1 - \$x2)*10000\]I\]I\"

Caution

\ are needed before some special symbolic character, [, 1],
" and $ because Ligament cannot recognize special
character without \.

6. Finish Ligament Flow Editor and run the project.

© 2007 Synopsys, Inc. (80) Syn[] PSVSQ
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Ex: Extracting oxide thickness

~The result~

* Extracted value is displayed on swb.

Project | scheduler |

Family Tree Yariahle Yalues
SETISP|
SProcess
Tox_angstr
1 == 100.0
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Extracting X]

* Sprocess can extract xj at the specified location with “interpolate

command.
An example for extraction of Xj IS :

select z="NetActive"
set xO0 [interpolate Silicon y=2 value=0]
set x1 [Tindex $x0 0]

set x2 [interface Oxide /Silicon y=2]

puts "DOE: Xj_um [format %.1f [expr ($x1 -$x2)]11"

= select command define extraction parameter for value keyword.
NetActive means “n-concentration — p-concentration”

= y, value: The combination of these parameters determines how the
command operates. y and value are given, the locations along y where
value is crossed are returned.

= Tlindex : Return the first value if returned values are multiple.

Synorsys
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1, n7_fps.tdr 0-0

Ex: extracting Xj (1/2)

* Examine the following
parameters for refinebox

1.Copy the project
“/PostBasic/answer/sproce
ss/refinebox” under STDB

folder Variables & Macros  FIow | Unfolded Flow |
] _ MNames | Arg |
2.Change copied project’s =W
name to “extract xi” = | @ e
......... ¥ comment test
3.0pen this project and start | A
Ligament Layout Editor. | i e e
........ gt etch material
4 .Insert insertcommandthe """ L ki, sich matera
| I =h - i
last etch command and i = - inoen s
. . LR IR = implant species
define parameters : | | wbrenneal _ time
~7 K2R insent 2 dios
- save basenatme
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EXx: extracting Xj (2/2)

5. Specify sprocess command in insert command like below:

select z=\"NetActive\"

set x0 \[interpolate Silicon y=2 value=0\]
set x1 \[Tindex \$x0 0\]

set x2 \[interface Oxide /Silicon y=2\]

puts \"DOE: Xj_um \[format %.3f \[expr (\$x1 -\$x2)\I\I\"

Caution
\ are needed before some special symbolic character, /, /, " and §
because Ligament cannot recognize special character without \.

6. Save and close Ligament Flow Editor and run the project.
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Ex: extracting X] ~the result~

* Extracted value is displayed on swb.

Project | Scheduler |

Family Tree Yariahle Walues
Sprocess
refine Hj_um
1 o 0325
2 o 1 0.316
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Changing diffusion models

SYNOPSYS
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Diffusion Models

°* The ChargedPair diffusion model: (default)
> Used for high dose amount of implantation. (damage is high.)
> Used for short-term anneals.

> Used for advanced CMOS processes as they represent a
balance between accuracy and computational expense.

* The ChargedFermi diffusion model:
> Used for low dose amount of implantation. (damage is low.)
> Used for long-term high-temperature anneals.

> The calculation time is faster than ChargedPair diffusion

model.
The detail of model is introduced in 2D Advanced Sentaurus Process course.
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Change Models

The command to change the diffusion model is :
pdbSet Silicon Dopant DiffModel ChargedFermi

Simulators and available diffusion models

SProcess Dios TSuprem4
1-Stream | ChargedFermi Equilibrium<Default> | NSTREAMS=1
SetDiosEquilibriumModelMode <Default>
3-Streams | ChargedPair<Default> PairDiffusion NSTREAMS=3
SetDiosPairModelMode

Caution!
The default model is different between each simulator.
ChargedFermi model is generally appropriate for power device.
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1D Example

* Copy project “1D_SProcess” from training_library

* Refer to the command file of example “1D_SProcess”
* Check 1D doping profile by INSPECT

* Output file introduction
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2D Example

* Copy project “2D SProcess” from training_library
* Refer to the command file of “2D_SProcess”
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2D Example Process Flow

After POLY re-oxidation After HALO implantation After Nitride (spacer) deposition

= i = =
2 - z 2
0.2 0.2
= 0 —_ . D~
3 3 3
> > >
0.2 7 0.2 -
0.2 -0 o 0.1 0.2 0.3 ! l? 0.1 0.2 0.3 -0.2 -0 o 0.1 0.2 0.3
X [um] X [um] X [um]
After spacer etching After S/D implantation Final structure
= = =
2 ] 2 ] Al (contact) z
-0.Z -0.2 -
— O- — 0- —
£ 3 3
> > >
0.2 0.7 -
-0.2 -0.1 o 0.1 0.2 0.3 -0.2 -1
X [um]
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2D Example Mesh Setting

After POLY re-oxidation After HALO implantation After Nitride (spacer) deposition
= =)
z Z
Halo/LL
/refineb(:
— D_ —
£ g
> >
0.2 4 0.2
0.2 -0l 0 0.1 0.2 0.3 -0.2 -0l o} 0 0.2 03 -2 -0 ] 0 0.2 0.3
X [um] X [um] X [um]
After spacer etching After S/D implantation Final structure
=
2
0.2 4
JoJ0)%¢
—_ —_ — 0
3 3 3
> > >

V] 0.1 0.2 0.3

0.2

-0t

X [um]

X [um]
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Extract Parameters

Ygox (X coordinate of oxide/silicon interface)
Ypol (X coordinate of POLY/oxide interface)
Tox (gate oxide thickness) = Ygox-Ypol

Lgeff (effective channel length) = 2*Xgd

Xj (Source/Drain junction depth)

DopingConcentration(NetActive) [cm*-3)

. 34E+20

3.0E+17

27E+14

. -84E+ 11
.-1.2E+15
-1.4E+18

0 0.1 Q Q.2 0.4 0.6
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Implement External Variables on SWB

* copy 2D_SProcess > clean up > add parameters > modify command
file > clear up & renumber the experiment tree

Add external parameters on workbench

Add Parameter

BT asp

o 27 opere R SYNOPSYS
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Implement External Variables on SWB

* copy 2D_SProcess > clean up > add parameters > modify command
file > clear up & renumber the experiment tree

Link external variables to internal variables

#--- set variable -----------------——--

set lgate 0.18

set ymax [expr $lgate/2+0.4]
set HaloDose 1el3

set HaloEnergy 15

© 2007 Synopsys, Inc. (95)

=

#--- set variable
set lgate

set ymax

set HaloDose

@lgate@

@<Igate/2+0.4>@
@HaloDose@
set HaloEnergy @HaloEnergy@
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Tecplot SV
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Overview

* Tecplot is software for scientific visualization that has been
extended by Synopsys to accommodate the special requirements
of TCAD simulations.

* Synopsys provides an original equipment manufacturer (OEM)
distribution of Tecplot that includes the original Tecplot
distribution by Tecplot, Inc., the Synopsys TCAD add-on, and the
Synopsys tecplot_sv launcher, which starts Tecplot in a special
Synopsys configuration mode.

* The complete package consisting of these three components is
called Tecplot_SV.

Synorsys
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Starting Tecplot SV

° to start Tecplot_SV:

> tecplot sv &

> tecplot sv <filename> &

° in SWB : select Visualize — .tdr Files — Tecplot SV
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Screen Elements

Plol  Data  Slieer

region/material
list

1

Do plarceniratagn
5.6 + M)

GEE+1T

tool buttons e

[6] 0.5 i 1.5
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View Control

 zooming: click on the zoom tool Q and draw a rubber
band, or use the middle mouse button and drag the
pointer downwards/upwards for zoom in/out

* click on “last view” to return to the previous view,
control-f fits the entire structure into the view window

°* move the structure by holding the right mouse button
and dragging the pointer
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Dlsplayed Objects

Select both Silicon and Oxide in the Material list. Hold the Ctrl key to highlight both
items.

* Click the Display Exclusive button to display these two material regions only and to
switch off the display of any other regions.

* To limit the operations to only a specific region, click the Region List/Material List
button to switch to the Region list, which selection by region.

* Click the Mesh On button.

* Click the Contours Off button on the S|debar to switch off anz field that is currentl;
displayed on the structure. e

File  Edif  View Frame Axs Flot  Dala  Slica

[ZE]
| 3w
) fe
Al A
AccEplorConcentration
DonorConcentration
Coping Concantration
ElecinicFigld

ElactrostaticFotantial
LaiceTamperature

o
flz 0015 -
[iid

T T T
043 05 Q.51 0.5z

@E 2@

B ®EE
BEBEE

| |
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Data Sampling

* After a device structure has been loaded in Tecplot, the values of
the physical fields existing on the structure can be seen using the
data probing tool on the sidebar.

War Values ZonefCell Info

Cell Center | Face Neighbnr|

W Cne Line per Yariable

Yariable Yalue
Y1 H -0.015
WE Y 0.0417671
Vi 2 0.041773
W4 ElectrostaticPotential 0.925776
Ya: eDensity 1]
Y hDensity 1]
W7 LatticeTemperature 300
Y3 eCurrentDensity- 1]
Y¥3: eCurrentDensity-* 1]
YW10: eCurrentDensity-2 1]

scroll Up| Scroll Dnl

Zone: 4 :1: Spacers (Mitride)

Close Help |
J

L -
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Generating 1D Cuts

* Before a cut is made, it is necessary to decide
whether the data obtained from the cut should go to
an existing frame or a new frame.

= Frame > Frame Linking. The Set Links for Current Frame
dialog box is displayed
= Select Slice Positions and click Apply Settings to All Frame,
of this Group.
°* One-dimensional cuts can be made along either the x
or y coordinate axes

= For example, to sample data along the x-axis, select the
Orthogonal Cut ‘@‘f (Y for normal direction) function

Synorsys
Predictable Success



Generating Multiple Cuts in One Step

* Multiple cuts in parallel to

each other can be generated o
In one step. __
_ICut at mouse position
* Slicer > Y Normal Cuts et A
First Cut At ooz %!
Last Cut At jod ﬁ

4 Merge Zones in Cut
~ Cut Zone By Zone

Create Cut Cancel
= -
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Working with Frames

* For each successfully loaded data file, Tecplot starts a new
frame and associates the frame with the loaded data. In addition,
Tecplot SV automatically opens up new frames for newly
generated cuts, either 1D or 2D.

* Tecplot permits multiple frames in the same workspace to be
managed in a coordinated manner. These functions and
commands are available from the Frame menu and are
convenient to use. For example:

= To send a frame to the back and bring another to the front:
Frame > Push Current Frame Back.

= To simultaneously show all the frames:
Frame > Arrange Frames and select one of the options.
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Frame Linking

* The frame linking feature of Tecplot SV allows multiple
frames to be linked by one or more of their common
frame attributes.

* Changing an attribute in one frame results in the same
change to all other frames linked with respect to that
attribute.

* To link frames:

= Click the All Frames button on the sidebar. %
= Click the Link button. =2
= To break the link, click Unlink button. M
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Synchronized Cuts

* |In addition to appearance coordination, linking allows
synchronized cuts to be made simultaneously on all linked
structures.

L

-

9/J[oES| ..

[l
[ L i i
L 4l
‘ | H=al BB451971 | =0 BA5591 909 L
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- Sentaurus Structure Editor —

Building Meshes (SDE)
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Overview

* SDE is a structure editor for 2D and 3D device structures.

°* From the graphical user interface, 2D and 3D device models are
created geometrically, using 2D or 3D primitives, such as
rectangles, polygons, cuboids, cylinders, and spheres.

°* Rounded edges are generated by filleting, 3D edge blending, and
chamfering. Complex shapes are generated by simply
Intersecting primitive elements.

* The graphical user interface of SDE features a command-line
window, in which it prints script commands corresponding to the
GUI operations.

° In process emulation mode (PROCEM), SDE translates
processing steps, such as etching and deposition, patterning, fill
and polish, into geometric operations.

* PROCEM supports various options, such as isotropic or
anisotropic etching and deposition, and rounding and blending.

© 2007 Synopsys, Inc. Syn[] PSYS®

Predictable Success




Modules of SDE

* Structure creation via primitives

* Process emulation with PROCEM (3D only)
* Contact definition

* Doping definition

* Mesh definition

SYNOPSYS
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5,10

Starting SDE in GUI Mode

W

* To start SDE, on e i
the command
line, enter:

sde
sde -2D

o 7 vy SYNOPSYS
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Creating Regions

* To create a rectangular region:

= Draw > Create 2D Region > Rectangle, or click the
corresponding toolbar button

= Click and drag a rectangle

* Command line:

(sdegeo:create-rectangle
(position O 0 0)
(position 1 1 0)
"Silicon" "regilion 1"

)
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Creating Polygons

* To create a polygonal region:

= Draw > Create 2D Regions > Polygon, or click the corresponding
toolbar button.

= Click a location in the view window where the first vertex of the
polygon is to be placed.

= Repeat the previous steps for all the other vertices except the last
vertex of the polygon.

= For the final vertex, click the middle mouse button to place it.
(sdegeo:create-polygon

(list (position O O 0O)

(position O 1 0)

(position 1 2 0)

(position 1 0 0) )

"Silicon" "region 2"

)
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Selecting Materials

* All materials used by Sentaurus [siticon
Structure Editor are accessible from
the Material list.

* To set the material to be used for

FolySilicon
Fesist
Si3rM4

new objects: Sllicide
Silican
= Click the Material list and select the SiliconCarbide —
required material, for example, Silicon. SilicanGermaniurm =
Soldergl_40 :
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Exact Coordinates Mode

* [n Sentaurus Structure Editor, geometric objects can
be drawn manually. However, for most applications, it
IS necessary to specify explicitly the coordinates of the
object

°* To do this, it Is necessary to activate the Exact
Coordinates mode.

= Draw > Exact Coordinates.

* When the mode is active, all subsequent command
operations that involve the placement of any object
will display a dialog box in which exact coordinate
values can be entered for the object being edited.
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Selecting the Default Boolean
Expression

* When the Sentaurus Structure Editor GUI is used to
build a device with multiple regions, the later-added
regions may intersect existing regions.

* A predefined scheme is required to resolve the
overlapping region.

* Draw > Overlap Behavior > New Replaces Old, or
click the corresponding toolbar button.

| |37 &

Mew replaces old
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Types of Boolean Expressions

* Merge
(sdegeo:set-default-boolean "AB")

°* New Replaces Old
(sdegeo:set-default-boolean "ABA")

* Old Replaces New
(sdegeo:set-default-boolean "BAB")

°* New Overlaps Old
(sdegeo:set-default-boolean "AB1A")

* Old Overlaps New
(sdegeo:set-default-boolean "AB1B")
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Rounding Edges

* To round corners of regions:

= Click the Selection Level list and select Select Vertex.
= Click the Aperture Select button in the toolbar.

= Click the upper-left corner of the spacer to highlight the
vertex.

= Edit > Edit 2D > Fillet. Enter fillet radius.
= The selected corner is now rounded.

(sdegeo:fillet-2d
(list (find-vertex-id (position 0 1 0))
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Defining Contacts

* To define a contact:;

= Contacts > Contact Sets.

= Define the properties of the contact. Enter the name of the contact
in the Contact Name field.

= Click Set to add the contact to the Defined Contact Sets list. Multiple
contacts can be defined in one session.

= Click Close.

(sdegeo:define-contact-set “gate" 4

"##")

(color:rgb 1 0 0 )

Ll Contact Sets B lj

Defined Contact Sets

nong Contact Name: [boclytie

ate

SOUrce

dlrain Edge Color: [1.000000 Jo.000000 |1 000000

aulisirate

bodytie

Edge Thickness: [4.000000 Face Pattern: (w2
|_ Activate | Set | Delete Cloze
SYNOPSYS
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Associating Contacts with Edges

* Contacts become effective only after they are associated
with an edge of the device structure:

= Activate a contact by selecting it from the Contact list.

= Set the selection level to Select Edge in the Selection Level
list.

= Click the Aperture Select button.

= Click the edge of the structure where the contact, for example,
source, will be defined. The selected edge is now highlighted.

= Contacts > Set Edge(s). This defines the selected contact at
the highlighted edge. The edge is now characterized by the
color and line styles previously set for the contact.

(sdegeo:set-current-contact-set "gate")

(sdegeo:set—-contact-edges edge-list “gate”)
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Defining a Region as a Contact

* To turn an entire region into a contact:

(sdegeo:set-current-contact-set "gate")

(sdegeo:set-contact-boundary-edges entity-1list)

Select the contact from the Contact list.

Set the selection level to Select Body in the Selection
Level list.

Click the Aperture Select icon on the toolbar.

Click the region where the contact is to be defined, for
example, the poly gate region.

Contacts > Set Region Boundary Edges. This converts
the selected region into a contact. The edges of the
region have changed to the color and style of the
selected contact.

To remove the gate region, select the region and Edit >
Remove > Region
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Defining Constant Doping

* To define a uniform doping profile in a region:
= Device > Constant Profile Placement.
= Type a name in the Placement Name field.

= In the Placement Type group box, select Region, and select the
region.

(sdedr:define-constant-profile "CProfileDef 1%
"BoronActiveConcentration" 1lelb)

(sdedr:define-constant-profile-region "CProfile 1%
"CProfileDef 1" "region 1")
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Constant Profile Placement

= |n the Constant
Profile Definition
group box, type a

name in the Name Placement fiame [paceco e 2
f| e I d . —Flacement Type —visualization
. () Fefi win [ B
= Select species from | —— Shov
. . ® Fegion [ Fi.Siliconepi i]
the Species list. —_—_— [ - ik

= Enter value in the
Concentration field.

—Canstant Prafile Definition

MWarne "D:unst.Epi il
» Click Add Species [Bnrnnﬁmtivel:nncentratinn jl
Placement.
Concentration le+17
= Click Close.
Decay Factor ':'— |:| On |:| Replace

| Change Placement | | Delete Placement
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Defining Analytical Profiles

* The placement of an analytic profile is performed in
two steps:
= Define the baseline. The baseline is used to determine the

lateral extent of the profile and can also serve as the
reference point for the depth of the peak position.

* Mesh > Define Ref/Eval Window > Line.
* In the view window, click the first point of the baseline.
» Click again to define the end point of the baseline.

* In the displayed dialog box, enter the name for the
baseline and click OK

(sdedr:define-refinement-window "Myline" "Line"

(position 0O 0 0) (position 1 0 0)
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Analytical Profile Placement

* Define the shape of the profile itself.

Device > Analytic Profile Placement.

Type the Placement Name field.

Select the baseline from the Ref/Win list.

In the Profile Definition group box, enter the Name field.

Select the Gaussian option from the Profile Type list and
species from the Species list.

In the Concentration group box, fill in Peak Concentration,
Peak Position, Junction and Depth.

In the Lateral Diffusion group box, enter the Factor field.
Click Add Placement.
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Analytical Profile Placement

(sdedr:define—-gaussian-profile
"AProfileDef 1" "BoronActiveConcentration"
"PeakPos" 0

"PeakVal" 1e20

"ValueAtDepth" 1elb

"Depth" 0.1

"Erf" "Factor" 0.8

)
(sdedr:define-analytical-profile-placement
"AProfilePlacement 1"

"AProfileDef 1"

"Myline"

"Both" "NoReplace" "Eval"

)

®
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Defining Mesh Strategies in Regions

* To define a meshing

- . . Placernent Marne "P|3.CEHF.Epi jl
Strategy In a deVICe reglon —Flacement Type —wisualization
* Mesh > Refinement Q rervin |

P I acement. @ Fegion [ R.silicanepi

* The Refinement Placement || 2™ |
dialog box is displayed. It

o) o] Lo

e

Hicle

—Fefinement Definition

Includes two input files: _ -
Marne “HefDef.Epl LI
¢ Reflnement Deflnltlon group # Direction % Direction £ Direction
box includes fields for s St iz o o000 p o250 |
defining the meshing v rent e o oose p ooso |
Strate gy an d — FRefinement Functions
[ Doping Concentration i] [ alue Difference i] |1
° Placement Type group bOX Functian |I2riteria hialue |
d e al S Wlth th e p I ace m e nt . Doping Concentration walue Difference 1.000000

| Change Placement | | Delete Placement

Synorsys
Predictable Success




Doping Refinement Placement

(sdedr:define-refinement-size
"RDef 1"

0.1 0.1 0.1

0.01 0.01 0.01

)
(sdedr:define-refinement-function
"RDef 1"

"DopingConcentration"
"MaxTransDiff" 1

)
(sdedr:define-refinement-region
"RPlacement 1"

"RDef 1"

"region 3"

)
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Defining Refinement Windows

* In SDE, a meshing strategy can be restricted to only
selected areas.

* The areas (refinement windows) need to be defined
first before a meshing strategy can be applied.

* Mesh > Define Ref/Eval Window > Rectangle.

SYNOPSYS
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Refinement windows

(sdedr:define-refinement-window
"Rwinl" "Rectangle"

(position 0 O 0) (position 1 1 0)
)

(sdedr:define-refinement-size
"RDef 1"

0.1 0.1 0.1

0.01 0.01 0.01
)
(sdedr:define-refinement-placement
"RPlacement 1" "RDef 1" "Rwinl"

)
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Defining a Multibox Mesh Strategy

* Some applications faMultibox Place
requi re me_sh i ng st Name.[Freee Cra <]
strategies in whlch_ | R o
meshing line densities e 3 { = = ]
are gradually changed.

* SDE supports another | [ties befriten
type of meshing tome [ Cranne 4
strategy called X v z
multibox refinement wex  foosooos  Mas [ooizsn M
strategy: Mn  foozsos  Min [ooooioo i

* Mesh > Multibox o froooos — fatie[issoog] - Fa
Placement.

‘ Change Flacement | ‘ Delete Flacement
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Meshing the Device Structure

Save Grid to File:

¢ TO Ca” the soifet [ Browser .. |

1 — Meshing Engine Mesh \iewer
mes_hlng @ MESH {3 MOFFSET ® sDE ) tecplot_sv {3 none
engine:

Mesh options:

[ M eS h > Option Description

-dizcontinuous Data ‘Write discontinuous data sets.

B u I Id M eS h -f Fit MaxElernent Size first. MESH creates an initial set of macro-elements according to the user
. -l Do not use profiles. Meither analytical nor external profiles are taken into account. The cat file
-m Generate grics using only the device geometry as the refinement criterion and ignoring doping
-F Mew Delaunization algarithm to finish the mesh {recommended for 30, ignored in 2070,
-Fi Rernove unnecessary points, edges, or faces from boundary description
-5 Froduce more restrictive Delaunay grids. The maxirnum andle allowed for trisngles is pil2 in 20
-1 Ize anly simplex elerments: triangles in 20 and tetrahedrain 30

- Skip Delaunization. Fits only user reqguirements and builds a mesh not suitakble for device simula;

| 1] | [« ]

Other options:

=n
L =
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Basic Flow
with result of process simulation

* The SSE flow is as follows:
1. Read boundary
Contact definition
Ref/Eval Window definition
Read profile

a K W D

Mesh definition
6. Build Mesh

* These operations and commands will be introduced
from next slide.
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Meshing for Device Simulation

* possible flows:

SPorTS4
process
simulation

—

© 2007 Synopsys, Inc. (134)

SDE:

-read boundary

-read doping

-specify new mesh criteria
-call mesh engine

-save structure + doping

SDE.:

-boundary definition
-doping definition

-mesh criteria definition
-call mesh engine

-save structure + doping

—

SD device
simulation

SD device
simulation
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Read boundary

* Read the boundary to be modified.

File | Edit iew Draw Mesh Dewvice
DI e Ctri+M Silican

2 Open Model... Cirke0

& save Mol Ctrl+5
Save Model As...
Save Boundary

Save Eh:uundar_l.-' A

b _-_  Import . _._._':
&b Frint... Ctrl+F
Journal -

1| Exit

¥¢ Model Input

Look i |a Mraining_SamplesPost Basiclanswerisehmos_rolloff_sses _I'.'l ﬁllﬁl Iﬁ =

|:| .. D na_fps.tdr
[ né_brel tekr
D n2_fps tdr D nE_fips.ter
[Inz pratdr [ n7_brd.tar
D n3_fps tdr D n7y_fps.tdr
[ na_pnd tor

D néd_fps tdr
[ ns_brd.tor
File ame ] n2_bne.tclr L Open
File type:  TD &undary Files (" tdr) "'I Cancel I
o v
L4
L4
0

-------------------------
Py ny

(sdeio:read-tdr= bnd "n2..bnd.tdr™)
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Contact definition (1/2)

»{ Contact Sets x|
o Define ContaCtS for DA COMBCt 3815 e
. . . [glalal I::::nta;:k&]!ﬂe;‘lg_r?jp _______________ 3

the device simulation. e
sOUFCE ‘0"Edge Enlfz‘r,‘::l‘lil‘ 1 IIZI .._._.:.‘

bulk ‘¢’ "---..--..............‘.. .......................

"“” Edoe Thickness: |4 "‘-’ Face Pattern: ## _",'l

. ’M?\:a;e | Set ”‘t“ Delete | Close
1. Define contact name. = e
it PPRPPPEN P
(sdegeo:define-contact-set -If:drai n" 4.0 :‘.'(gp_]_or:rgb 0.0 1.0 0_._9___):- "##" )

-----------------
Py a

501 drain ! Select

1a gos gl ]2

2. Select contact.

(sdegeo:set-current-contact-set =”5d,l:_§l_]'_r1""')
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Contact definitions (2/2)

3. Select contact region (metal) and set

region boundary edge from contacts H
menu. o® 7
enu G\\o ;

L 4
4
L4

"""

4. Delete contact region (metal).

(sdegeo:delete-region
(list(car(find-body-id (position-0-:29--0:002"0)))))
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Ref/Eval window definition

aw  Mesh | Device Contacts  Help

Define ReffEval Window -

* Deflne the reglon for% Delete RefiEval Window =! L

ol Rectangle J |

mESh and prOfIIe. m Siil Refinement Placement.. =

Multitaox Pl t..
[ [l Multibee Placerner Cuboid
Moffset Parameters... = From Fajgﬁ’

Clear All -

Glokal Refinerment...

* There are 3 window types, .-
rectangle, line and polygon for 2D.
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Read profile

* Read the profile data generated by process simulator.

-I';'I_EU_:;E[FL&J’JT- MA@ e mnnnnnnnnnnnaas,,,, 2 e _E‘Ef I e BEHIAN, e, __h-!a_Lt_e.ri.af
Drevice I Contacts  Help ‘~-.|F|3’3'3_J:'r':' rana s %;L;ip_de_vice . _.«’1.'
ic /9 Constant Profile Placement... — _|-Defirie Fef in

_j@mmyticaj Frofile Plazement... || f H1~'| - | o | | Define_|
£ [ wa | v2 | 22 | Edit |

#]ext_pro DID?_T'F'S-W __::' Browser ... |

(sdedr:define-submesh "ext_pro" "n2_fps.tdr")
3. 4,

(sdedr:define-submesh-placement
"place_pro" "ext_pro" "win_device"
1. 3. 2. "DecayLength" 0 "NoReplace™)
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Mesh definition (1/2)

* Define mesh size far each Ref/Fval window

Mesh | Dewvice Contacts  Help

v Define RefiEval Window -~ pase
E Delete Ref/Eval Window

=
+
(515

..........

.
L] us
-----------------------

[ Hll Muttibas Placement...
Moffset Parameters. ..

Clear All -
Global Refinement...
Facewise Refinement. ..
Builcd Mesh

Delaurizer Params...

|

¥a
.....
3
*

Flacement Type 2 Wisualization
= Reff Win ‘:,_ win_dlevice _",'I |7
o N T T e———— Y 1L Show:
= Hef§ment Definition
Mame «*°"[def mesh ?"'l'
B T T L LT P X
4 A Direct-igrj ........... Ve Bibection sssaas
Mz Elemnent Size “"1tl.1 0.1
Min Elernent Size IEI.QE@.E 0.0025

.
*
I“‘
.

s

s
an?®

------------

(sdedr:define-refinement-size
"def_mesh" 0.1 0.1 0.0025 0.0025)

(sdedr:define-refinement-placement
"place_mesh" "def_mesh" "win_device")

4.
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Mesh definition (2/2)

" | Funotion fAnterfaces«-... “Citeria busgle | Factor | DoubleSide |
2 $ SMalue Difference v _— |

........
Delete |

» .
-------------------------------

(sdedr:define-refinement-function

"def_mesh" "DopingConcentration" '"MaxTransDiff" 1)
3. 5. 0.
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Build Mesh

* Build mesh for device simulation.

Mesh | Dewice Contacts  Help

Define ReffEval Window - jaee
Delete ReffEval "Window

Il =1

(15

-|I+

I St Refinement Flacement. ..

[ Il Muttikes Placement...
Moffset Parameters. ..
Clear All -

Glokal Refinement...
. «Faeawize Refinemnent. ..
Od S
%, Buid Mesh &

“ttaapammnnrtt

Delaunizer Params...

Save Grid to File:

.
------
-------------------------

=...4.-. SNMESP,.-‘: ~  Moffzet « Mesh

2 {‘MWEQ-EUUB‘JE.

(sde:build-mesh "snmesh" "-a -c boxmethod"

"n8")

2.
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Appendix
~Cut structure~

* Cut the unnecessary
region for device
simulation

© 2007 Synopsys, Inc. (143)

File  Edit | Wiew Draw Mesh Dewice Contacts Help
|_D FI Undo Ctrl+Z | haze | none
e O Beeto Cirey| P2 es = = 0 [ 2 [ B0 O
| = Change taterial

Change Region Mame. ..

Separate Lumps

=D Edit Tocls F g Polygonal Region Split
3D Edit Tools =

o Aod Vertex
Device Operations -

a+ fowve Vertex
Transfarm...
Farameters. .. a+ Bove Vertices

+ Move Edge

SYNOPSYS
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Meshing with SDE + SMesh

* example: project SimpleMesh
= refinement criteria for a region

<structure, doping ...>

(sdedr:define-refinement-size "Subl.Def" «— a name for this criterion

0.2 0.2 0.05 < maxx maxy maxz
0.05 0.1 0.05 <minx miny minz
)
(sdedr:define-refinement-region
"Sub1.PI" «placement_name
"Sub1.Def* «refinement_name,

"Substrate”) < region_name

Synorsys
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Meshing with SDE + SMesh

= reflnement in a box

(sdedr:define-refinement-window

"Sub2.Win" "Cuboid" <— a name for this criterion
(position xboxr 0.15 0.0) « first corner
(position xbox 0.0 zbox) ) < opposite corner

(sdedr:define-refinement-size "Sub2.Def"

0.05 0.1 0.025 < Maxxmaxy maxz

0.02 0.05 0.025 < minxminy minhz

)

(sdedr:define-refinement-placement
"Sub2.PI* < placement_name
"Sub2.Def" « refinement_name,
"Sub2.Win") <« region_name
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Meshing with SDE + SMesh

2: n1_msh.tdr : geometry_0 : state 0

-0.2

refinement in a box

0.2

refinement in
region “Substrate”

0.5

0.8

- SYNOPSYS
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Meshing with SDE + SMesh

* graded mesh (“multibox method” )

(sdedr:define-refinement-window
"Channel.Win" "Cuboid"
(position GateLr 0.05 0.0)
(position GatelL 0.0 zbox) )
(sdedr:defi ltibox-size "Channel.Def"

0.02| 0.01 0.025 — ¢ graded mesh in y-
0.02 | 0.001|0.025 direction, spacing

1.0 (2.0 J1.0) from 0.01 to 0.001
(sdedr:define-multibox-placement
"Channel.PI*
"Channel.Def*
"Channel.Win")

Synorsys
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Meshing with SDE + SMesh

= refinement on a field (doping)

(sdedr:define-refinement-size "Doping.Ref"
0.5 05 0.2 <— min/max desired spacing
0.004 0.004 0.2) In X,y,z

(sdedr:define-refinement-function

"Doping.Ref" "DopingConcentration”

"MaxTransDiff" 1)

(sdedr:define-refinement-region

<« apply criteria to field
“DopingConcentration”
< criterion: maximum

difference

"Doping.PI*

"Doping.Ref"

"Substrate") <« apply criteria in region
“Substrate”
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Meshing

with SDE + SMesh

2: ni_mshtdr : geometry_0 : state_9

-0.05 =

graded mesh in poly

gate

graded mesh in the channel

-0.13

-0.1 0 0.05 0.1 0.19

refinement on doping
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Meshing with SDE + SMesh

* finally: save boundary, write input file for “smesh”, call
the mesh engine

(sdeio:save-tdr-bnd (get-body-list) "n@node@_bnd.tdr")
(sdedr:write-cmd-file "n@node@_msh.cmd")

(system:command “smesh n@node@_msh")
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Flow of Input and Output in SDE

Intput:
Device Structure
from SProcess

© 2007 Synopsys, Inc. (151)

boundary
_bnd.tdr

doping
_fps.tdr

Intput:
Mesh Strategy

command
_dvs.cmd

|
-
SEAUTIS 5L

l

output
_dvs.out

Output:
Runtime messages

grid&doping
_msh.tdr

Output:
structure, doping, mesh
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MOSFET Mesh Setup Strategy
(for SDevice Simulation)

Load boundary from previous SProcess output B
Define initial mesh for Silicon and PolySilicon . -w
materials [
Refine Source/Drain junction mesh -\

Refine LDD junction mesh

Refine silicon surface region between channel to _
S/D contact 0.5

Define gate oxide mesh
Refine channel mesh

Refine PolySilicon mesh

Load doping profile from previous SProcess output

gr—
0 0.5
Define PolyGate (PolySilicon) doping

Synorsys
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MOSFET Mesh Setup Result
(for SDevice Simulation)

0.05

LDD

0.1

0.1

0.2

|

Gate
O .

Channel

Y [um]

0.2

0.4

0.6

CtoC

SD

0.2 0.4
X [um]
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Interactive Mode

e Start Structure Editor => type “sde”

* Journal on => record the command line of each step

* Import boundary file from n4_bnd.tdr

* turn off “auto region name”, turn on “exact coordinates”
* Step by step setup mesh by GUI

- Silicon => (0.1, 0.1) / (0.05, 0.1)

- Poly => (0.02, 0.05) / (0.01, 0.025)

- SD* => (0.09, 0.0) / (0.49, 0.3) => (0.1, 0.03) / (0.006, 0.006)

- LDD => (0.05, 0.0) / (0.09, 0.05) => (0.006, 0.006) / (0.005, 0.005)

- CtoC => (0.09, -0.002) / (0.49, 0.006) => (99, 0.002) / (66, 0.001)

- Gox => (0.0, -0.002681) / (0.09, 0.00065) => (99, 4e-4) / (66, 4e-4)

- Channel => (0.0, 0.00065) / (0.09, 0.075) => (0.02, 0.05) / (0.01, 2e-4) / (-1.45, 1.45)
- Gate => (0.0, -0.18) / (0.09, -0.002681) => (99, 0.04) / (66, 4e-4) / (0.0, -1.75)

* Load sub mesh (geometry and doping data) from n4_fps.tdr

* Define PolyGate doping type and concentration (Arsenic 6e19)
* Save

* Build mesh

* Journal off

* Check .tdr .jrl
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Batch Mode

* Refer to command file “sde_dvs.cmd” of example
0.18um_nMOS

* Check output files

SYNOPSYS
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The Final Mesh for SDevice

DopingConcentration [cm™-3]

P 34E+20
I0E+17
27E+14
0 -84E+ 11
] . -1.2E+15
= -1 4E+18
0.2
E
=
> 0.4
06
0.8

X [um]
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Sentaurus Device (SDevice)

SYNOPSYS
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Outline

* Flow of input and output in SDevice

°* Command file introduction

* Parameter file introduction

* Physical Models in Device Simulation
* Solution Modes in Device Simulation
° 0.18um nMOS Id_Vg example

SYNOPSYS
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Flow of Input and Output in SDevice

Input:

mMaodels, Parameter, Sweeps

command parameter
_digs. ot | ciesslna

current

Input: _dies.pit
Device Structure grid &doping L

_mshtdr
. F
falaot

_figs.tdr
L __F

© 2007 Synopsys, Inc. (159)
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Command File

File {

“define the input and output files of the simulation “ }
Electrode {

“define electrical (or thermal) contacts, initial bias condition, special

boundary condition” }
Physics {

“declare physical models” }
Plot {

“specify the solution variables that are to be saved in the Plot file” }
Math {

“options of numeric solver” }
Solve {

“ set bias sweeps sequence and solve transport models” }
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Overview of SDevice Commands

SYNOPSYS
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What Can Sentaurus Device D0?

= _ L
SEMatisD|

Single Device Single Device with Circuit Multiple Devices with Circuit

1D, 2D, and 3D simulations.

Electrical, thermal, and optical characteristics.

Silicon-based and compound semiconductor devices.

Mixed-mode simulations.

SYNOPSYS
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Sentaurus Device Flow

Input

Models, Parameter, Sweeps

command parameter
_des. o | dieshlpa

current

Input; —® _despit Output:
; rid&dopin R
Device Structure u ping > S Iv"s, Field
_mshtdr distributions
I
plot
> _des.tdr
. F

Output:

Funtitme messages
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Ex 1. Run NMOS Roll Off Project

Project: /PostBasic/question/sdevice/nmos_rolloff sdevice

- Open the input command file, and close it.

* Run and observe Id-Vg curves.

iments Modes Variahles Optimization  Calibration  Extensions  Help

J 5 o m i Bve-B@ @ a e =

Froject ] Scheduler | RU n
Family Tree
& € o
SENannusP) ST S SE SN IS0
SOrOCEss sde Id* i
Lgshift

1 0.0

2 0.005

3 0.01

4 0.0173

5 0.0325

B 0.0923
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NMOS Roll Off Project

Project: /PostBasic/question/sdevice/nmos_rolloff sdevice
Description: Simulate NMOS |d-Vg characteristics.

gaté

source drain

0

[}]—,—E sevice

| L[&] nmos_rolloff_sdevice

iments Modes ‘ariables Optimization Calibration  Extensions  Help

YE e s s Eveyl % @ & @ =

Project | scheduler |

Family Tree
FEatTusy | FOATIS SE | SeUEEY |
SPrOCess sie ldWg
Lyshift
1 0.0
2 0.005
3 0.01
4 0.0175
] 0.0325
B 0.0925
| |
0.5 1
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Input Command File

* The default extension of the input command file is
_des.cmd, for example, IdVg_des.cmd in this project.

* The input command file typically contains the followin
sections:

File {
#- input
grid = "etdre"
parameter = "@parameterd®"
#- output
current "@plot@"

. output "@loge”
F I e —~~ plot = "@tdrdate”
1

Electrode {

£nams waltage=0.03 *Source electrode is defined.

nam i voltage=0.0} *Drain electrode is defined.
eC rO e fname="g voltage=0.0} *Gate electrode is defined.

{name="substrate" woltage=0.0} *Substrate electrode is defined.

B
.
Physics {
I EffectivelntrinsicDensity( OldSlotboom )
Mability( DopingDependence HighFisldSaturation Enormal )
>_ Recombination( SRH(fmeem:e) Auger ) | F . I
eDensit, hDy

ensity eCurrent hCurrent
Potential SpaceCharge ElectricField/Vector
eMobility hMobility eVelocity hvelocity
Doping DonorConcentration  AcceptorConcentration

Solve
Math

#-initial solution:
Poisson
Coupled { Poisson Electron Holel

il

Extrapolate *Used for the quasistationary solution.
Iterations=20 *Hax. number of steps without solution.

VVVVYVYY

#-ramp drain:
Quasistationary ( MaxStep=0.1
Goal { Name="drain" Voltage=0.05 I )
{ Coupled { Poisson Electron Hole} T

#-ranp gate:
Quasistationary ( MaxStep=0.01
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File Section (1/2)

Define the input and output files of the simulation.

File {
#- 1nput
grid = "@tdr@"
parameter= "@parameter@“
#- output
plot = "@tdrdat@"
current = "@plot@"
output = "@log@"

AeEEEo||s 3|7
235,.; 3
H

DREDE
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File Section (2/2)

grid =
» The grid and doping profile of the device structure.

parameter=
» The model parameter file.

plot =
» The final spatial variable data file.

current=
» The electrical output data file.

output =
» The output log file.

Synorsys
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Electrode

Section (1/3)

Define the electrical contacts of the device, together with their

Initial conditions

Electrode {

{ Name="source” Voltage=0.0 }
{ Name="drain"“ Voltage=0.0 }
{ Name="gate" Voltage=0.0 }
{ Name=“substrate” Voltage=0.0 }
}
 Name=

» Define the contact name.

* Voltage=

»Define a voltage boundary condition with an initial value.
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Electrode Section (2/3)

Main Options:

« Barrier=
»Define the workfunction difference between the intrinsic silicon
material and the (highly doped) polysilicon gate when remove
polysilicon. For N+ polysilicon, this value is approximately -0.55 eV.

* Current=
»Define a current boundary condition with initial value [A]
(Current=I/AreaFactor).

« Charge=

»Define a floating electrode with a charge boundary condition and an
Initial charge value [C] (Charge=C/AreaFactor).

Synorsys
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Electrode Section (3/3)

Main Options (continued):

* Resistor=
»Define a series resistance [ Q ] (Resistor=R*AreaFactor).

« eRecVelocity=
»Define a recombination velocity at a contact for electrons
(hRecVelocity for holes).

« Schottky

»Define an electrode as a Schottky contact.

* AreaFactor=
» Specify a multiplication factor for the current in or out of an electrode,
lum by default.
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Physics Section (1/2)

Declare physical models to be used in the simulation.

Physics {
EffectiveIntrinsicDensity ( OldSlotboom )
Mobi1ity(DopingDependence HighFieldSaturation Enormal)
Recombination (SRH (DopingDependence) Auger)

}

* Physics section can be set for Material, Region,
Materiallnterface and Regionlnterface.

« The EffectivelntrinsicDensity statement activates the silicon
band-gap narrowing effect in highly doped regions. The
model directly affects the calculation of the intrinsic carrier
density in silicon.
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Physics Section (2/2)

« Mobility models include doping dependence, high-field
saturation (velocity saturation), and transverse field
dependence.

« Recombination models are specified.

« About mobility models and recombination models, more
explanations will be done in the later training.
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Plot Section

Specify the solution variables that are to be saved
In the PIOt flle eCurrentDensity [&*cm”|=

ebAohility [cm~2*w=-1%s

elasiFermiFotential [t

P-I ot { . . et elocity [cm*s™-1]
eDensity hDensity eCurrent hCurrent hcwwmmmymTWJ
hCensity [cm™-3]

Potential SpaceCharge ElectricField/Vector
eMobility hMobility eVelocity hVelocity
Doping DonorConcentration
AcceptorConcentration

hidobility [Cm™2%%=-1"5| -
o =

« An extensive list of optional plot variables is in Awbm;aendix F
of SDevice manual (A-2008.09).

« To save a variable as a vector, append /Vector to the
keyword.
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Solve Section (1/10)

Defines a sequence of solutions to be obtained
by the solver.

Solve {
#-1nitial solution:
Poisson
Coupled { Poisson Electron Hole}

#-ramp drain:

Quasistationary ( MaxStep=0.1
Goal { Name="drain" Voltage=0.05 } )
{ Coupled { Poisson Electron Hole} }

#-ramp gate:
Quasistationary ( MaxStep=0.05
Goal { Name="gate" Voltage=1.2 } )
{ Coupled { Poisson Electron Hole} }
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Solve Section (2/10)

Coupled { Poisson Electron Hole }

« The drift-diffusion transport model is used, it solves
self-consistently the coupled Poisson and carrier
continuity equations.

e Other transport models include thermodynamic,
hydrodynamic transport, etc., using these models can
Improve simulation accuracy, however usually simulation
time increases, and sometimes it becomes difficult to

converge.
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Solve Section (3/10)

Thermodynamic Transport

« Solve the lattice temperature equation in addition to

the Poisson and carrier continuity equations.
Coupled { Poisson Electron Hole Temperature }

« Some devices, as power devices, can occur self-heating
phenomenon, and need to specify the Thermodynamic
transport model.

Drift-

- E w E Diffusion
e | AT ermodyn
T amic

| Lattice Jemperature h Id vs. Vg

T T T . T T T . T
-0.2 0 0.2
X [um]
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Solve Section (4/10)

Hydrodynamic Transport

Solve the carrier temperature equations in addition to

the Poisson and carrier continuity equations.
Coupled { Poisson Electron Hole eTemperature hTemperature }

The deep submicron MOSFETs need to specify the
hydrodynamic transport model.

Y [um]

Diffusior
Id vs. Vg

SYNOPSYS

0.2
e ' 0 ' ’ ' ' 0.5
Gate Veltage (V)
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Solve Section (5/10)

#-ramp drain.

Quasistationary ( MaxStep=0.1

Goal { Name="drain" Voltage=0.05 } )
{ Coupled { Poisson Electron Hole} }

#-ramp gate:
Quasistationary ( MaxStep=0.05
Goal { Name="gate" Voltage=1.2 } )
{ Coupled { Poisson Electron Hole} }

* There are two Quasistationary statements in this Solve
command. The first one ramps the drain voltage to 0.05 V
(from O as defined in the Electrode section). Similarly, the
second sweeps the gate bias from 0to 1.2 V.
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Solve Section (6/10)

Quasistationary Analysis Syntax:

Solve{
Quasistationary ( InitialStep=..

Minstep=..
MaxStep-=..
Increment=..
Decrement=...
Goal { Name=“." Voltage=.. } )

{

Coupled{ .. }

}

}
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Solve Section (7/10)

* Internally, the Quasistationary command works
by ramping a variable t from 0.0 to 1.0. V=Vo+t(V1-Vo),
where Vo is the initial voltage and V1 is the final voltage,

which is specified in the Goal statement.

* |nitialStep controls the size of the first step of the ramping
(0.1 by default). 0.01 is recommended.

« MaxStep (1 by default) and MinStep (0.001 by default) limit
this change.

* The rate of increase is controlled by the factor Increment
(2 by default).

* The rate of decrease is controlled by the factor Decrement
(2 by default).
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Solve Section (8/10)

a=InitialStep 2a=Increment * a
@ @ @ @
t=0 (start point)  t=a \\\\ 7" t=2a _7/ t=3a

< Increment movement

e |ncrement=2 (defau|t) ————— Decrement movement

»>If it converges at t=0 and t=a points, then it will go to t=3a point.

« Decrement=2 (default)
>If it fails at t=3a point, then it comes back to t=a point, and this time

it will try x=2a point.
« MinStep and MaxStep can forcibly limit their movements.

« When the step is smaller than MinStep, then it fails to converge.
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Solve Section (9/10)

* This is a part of out file:

Computing step from t=0.0000e+00 to t=0.1 (Stepsize: 0.1) :

Computing Coupled( 1 poisson-equation(s) , 1 electron-equation(s) ,
1 hole-equation(s) )

using Bank/Rose nonlinear solver.

gate 0.000E+00 6.408E-36 -6.408E-36 0.000E+00

drain 5.000E-03 4.786E-11 1.357E-21 4.786E-11

Computing step from t=0.1 to t=0.2 (Stepsize: 0.1) :

contact voltage electron current hole current conduction current
substrate 0.000E+00 2.615E-15 -2.213E-17 2.592E-15

source 0.000E+00  -4.786E-11 -4.701E-27 -4.786E-11

* The drain voltage changes from OV to 0.05V.
 When t=0.1, the drain voltage = 0.005V.
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Solve Section (10/10)

Be-05

Be-05 -
MaxStep=0.5 . MaxStep=0.05 /
6e-05 G051
< <
éda-{as- 5 405
= ] £
£ s _
8 8
26.05- 2&05.
%0 S T R 05 T
Gate Voltage (V) Gate Voltage (V)

|-V Curve’s smoothness can be improved by decreasing MaxStep.
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Math Section (1/2)

Control the numeric solver initial guess for next poil

In the simulation. Extrapolate

Math { O
Extrapolate *off by default

Iterations=20 *default = 50
}

« Extrapolate
»In quasistationary bias ramps, the initial guess for a given step is
obtained by extrapolation from the solutions of the previous two
steps.

* [terations
»A maximum of Newton iterations are specified. 20 is recommended.
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Math Section (2/2)

« Given a function f(x) and
Its derivative f'(x), we begin
with a first guess x, . A better
approximation x, is

A  Newton iteration

X1 = Xo+ f(Xo)/ f'(Xo)

« The function f is shown in
blue and the tangent line is in
red). We see that x,,, is a
better approximation than x,
for the root x of the function f.

SYNOPSYS

Predictable Success




Additional Features
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Edit the Model Parameters

 |f you need to use user-defined values for model parameters, you must
edit the parameter file.

» To generate a copy of the default parameter file of Silicon,
type on the command line:

$ SdeVICe -P (for S|I|C0n) File Edit View Terminal Tabs Help
$ SdeV|Ce 'PGaAS (for GaAS) [wangz@wangz-p470-1nx /1§ sdevice —P|:|

Terminal E]@@

Ll

* The above commands generate the default parameter file models.par.

 |If user defines parameter = “@parameter@” in the File Section of
the input command file, it will lead to the file sdevice.par.

« User can other parameter file name, for example,
parameter = “silicon.par”

« The user-defined parameter file should only contain the user-defined
values for model parameters.
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Define Multi-Material Model
Parameters In a Parameter File

« User can define multi-material model parameters in a
parameter file as follows.

Material="Al1GaAs” {
Epsilon {
}

}

Material="GaAs”’ {
Epsilon {
}

}

SYNOPSYS
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Ex 2. Change the Electron Lifetime

Project: /PostBasic/question/sdevice/nmos_parameter

* Open the parameter file. Because parameter = “@parameter@”
Is defined in the File Section, then it leads to the file sdevice.par.

« Edit sdevice.par as follows:

Scharfetter _ Family Tree
#- taumax = 1.0000e-05 , 3.0000e-06 # [s] o E@[&
taumax = @taumax@ , 3.0000e-06 # [s] ¢ s
Nref = 1.0000e+16 , I1.0000e+16 # [CmA(=3)] SETANIIS S| SElEIRIE

sde sdevice

gamma = 1 , 1 # [1]

Talpha = -1.5000e+00 , -1.5000e+00 # [1] / taumax
Tcoeff = 2.55 , 2.55 # [1] - - Q)
Etrap = 0.0000e+00 # [eV] }

« Define the parameter taumax in the SWB, set its value as 1le-07.
Run the nmos_parameter project.
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Plot Statement In the Solve Section (1/2)

Solve{

Quasistationary(

){ Coupled{ .. }
Plot(
FilePrefix="n@node@" NoOverWrite
Time=(0.1; 0.3; 0.8)
)
}

- Plotting or saving a solution during a (DC or transient)

sweep at a set of given values of the t variable. for example,
10%, 30%, 80% of the goal.
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Plot Statement In the Solve Section (2/2)

Solve{

Quas

}

1stationary(

5{ Coupled{ .. }

Plot(
FilePrefix="n@node@" NoOverWrite
Time=(Range=(0 1) Intervals=10)
)

- Plotting at

regular intervals, for example, 0%, 10%,

20%, ..., 100% of the goal.
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Ex 3. Add Plot Statement

Project: /PostBasic/question/sdevice/nmos_ plot

« Add the following statement to the second goal of Solve section.

Plot(

FilePrefix=“n@node@" NoOverWrite
Time=(Range=(0 1) Intervals=10)

)

2:n26_0001_des.tdr 0-0 3:n26_0002_des.tdr 0-0

 Run and observe tdr files.
These tdr files are

n@node@ 0000 des.tdr,
n@node@ 0001 des.tdr,

TR0 =

BREDE TT7TYk
BRERE Ciif
CEEED
@ED=<

n@node@ 0G10—des:tdr;
n@node@ des.tdr
t=0 t=0.1 t=0.2

® ® @ ® ® ®
0000 0001 0002 0009 0010

oyrsys
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AreaFactor

« For the two-dimensional simulation, by default, SDevice
assumes a ‘thickness’ (effective gate width along the
z-axis) of lum.

* The effective width is adjusted by specifying
»an AreaFactor in the Physics section, or
»an AreaFactor for each electrode individually.

« An AreaFactor is a multiplier for the electrode currents
and charges.

Synorsys
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CurrentPlot Section

« Save variables at specified nodes or coordinates to the current file _des.plt.
The same variables can be selected as in the Plot Section

* |tis possible to output averages, integrals, and the maximum and
minimum of quantities over specified domains.

»To do this, specify the keyword Average, Integrate, Maximum,
or Minimum.

> Refer to SDevice manual for more information.

CurrentPlot {

hDensity( (0 1) ) * hole density at position (Oum, lum)
Potential (

Average(Region="Channel™) * average over a region
Maximum(Material="0xide") * maximum in a material

Synorsys
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Ex 4. Add CurrentPlot Section

Project: /PostBasic/question/sdevice/nmos_currentplot

« Add the following section to the second goal of Solve section.

CurrentPlot {
eDensity( (0 0.003) )
Potential ( Maximum(Material="0x

} | (00,003)

Oxide

-0.1
—_
E
=]
o e
e g 2 >
!!!!! S
nnnnnnnnn u-l
EE— z 0
tion [erm®-3]
e | 0.1
_mxea ||| e | i o . 9115
' B.3E+1B

Ga‘ie Voltage (V)
[ | ] = X [um]

+1
-B.3E+1
SYNOPSYS
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Sweep Multi Voltages Simultaneously

Electrode {
{ Name=“A" Voltage=VAO }
{ Name=“B" Voltage=VBO }

Solve{

Quasistationary(

Goal { Name=“A“ Voltage=VA }
Goal { Name=“B“ Voltage=VB }
)

{ Coupled{ .. }
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Physics Models

- Mobility
- Generation—recombination
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Mobility Models (1/3)

Physics{

Mobility( <arguments> )

.

« SDevice uses a modular approach for the description

of the carrier mobility models. Silicon MOSFETSs usually
specify the following models.
»Doping-dependent mobility model | | | | L
»Mobility degradation at interfaces | # i in i o
»High-field saturation model

« Refer to SDevice manual (A-2008.09) for more information.
»Part Il: Physics in Sentaurus Device
CHAPTER 8: Mobility models

sysys
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Mobility Models (2/3)

Doping-Dependent Mobility Model
Activated by

Physics{Mobility(DopingDependence .. ) .. }

« For doped materials, the carriers scatter with the impurities.
This leads to a degradation of the mobility.

Mobility Degradation At Interfaces
Activated by

Physics{Mobility(Enormal .. ) ..}

 In the channel region of a MOSFET, the high transverse
electric field forces carriers to interact strongly with the
semiconductor—insulator interface.
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Mobility Models (3/3)

High-Field Saturation Model
* Activated by

Physics{Mobility(HighFieldSaturation .. ) .. }

* Describe mobility degradation in high electric fields.
In high electric fields, the carrier drift velocity is no longer
proportional to the electric field.
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Generation—-recombination Models (1/3)

Physics{

Recombination( <arguments> )

,

« Generation—recombination processes are processes that exchange
carriers between the conduction band and the valence band.

« Usually, Silicon MOSFETs need to be specified the following models:
» Shockley—Read—-Hall (SRH) recombination
»Auger recombination

« The breakdown analysis must specify avalanche generation model.
» Refer to SDevice manual (A-2008.09) for more information.

»Part II: Physics in Sentaurus Device
CHAPTER 9: Generation—recombination

Synorsys
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Generation—recombination Models (2/3)

SRH Recombination
« Activated by

Physics{ Recombination(SRH ..) ..}

* SRH recombination through deep defect levels.

Electron : A Conduction band
)]
E. . X
Elect Elect
]]]]]]]]]]]]] capiu
Re binat f
E oA (Trap : v ¥
------------ {0 [ Jemnsra
1 Hole 1 Hole
. - emission capt
* The doping dependence of ®
the SRH lifetimes is activated by

Physics{Recombination(SRH(DopingDependence.. ) ..) ..}
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Generation—-recombination Models (3/3)

Auger Recombination
* The Auger model is activated by

Physics{Recombination(Auger ..) ..}

« Band-to-band recombination model. Typically important at high
carrier densities.

Avalanche Generation
« Activated by

Physics{Recombination(Avalanche ..) ..}

« Avalanche generation (impact ionization) requires a certain threshold
field strength and the possibility of acceleration.

» The breakdown analysis must specify avalanche model.
© 2007 Synopsys, Inc. (205) Syn[] Psys®
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Ex 5. Change Mobility Models

Projects: /PostBasic/question/sdevice/nmos

« Copy nmos project to a new project named as nmos_mobility.

« Edit nmos_mobility project’s Physics section as follows:

#-Mobi1ity( DopingDependence HighFieldSaturation Enormal)
Mobility( HighFieldsaturation Enormal)

« Run nmos_mobility project, and compare its Id-Vg curve with nmos
project’s.

© 2007 Synopsys, Inc. (206) S‘/"U PSVSQ
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Examples of Analysis

- Mixed-Mode Transient Analysis
- AC Analysis

SYNOPSYS
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Transient and AC Analyses

The transient analysis is usually done by using
the mixed-mode simulation.

Under the following conditions, the transient analysis can be

done without the mixed-mode simulation.
»There is only a physical device;
»The piecewise linear source is used.

The AC analysis must to use the mixed-mode simulation.

The C-V characteristics can be obtained by the AC analysis.

© 2007 Synopsys, Inc. (208) Syn[] Psys®
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Mixed-Mode Simulation

Netlist
r——————— -
r——— - - n | |
File {...}
______ /”"I Electrode ... I
r 1 |
|File { } | = Physics {...} |

— : -
Electrode {...} S — d
= Physics {...} |
L | .

Single Device Multiple Devices

« SDevice Is a single-device simulator,
and a mixed-mode device and circuit simulator.

* Provides a number of compact models for use
In mixed-mode simulations.

»SPICE, HSPICE, built-in models, etc.

sysys
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Input Command File of Mixed-Mode

- Three levels of device definition File {...)
>Global Electrode {...} } Global
»Device Device <type> ({
»Instance File {...} }
Electrode {...} Device
L
System {
<type> <name> {
. . . File {...
 Mixed-Mode simulation need to Electiode}{...} } Instance
specify two new sections: =

»Device section

v Device section defines physical devices used in the sys
» System section

v System section defines the netlist of physical devices at
circuit elements to be solved.

© 2007 Synopsys, Inc. (210) Syn[] PSVSQ
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Example: CMOS Inverter Transient Analysis

Project: /PostBasic/example/sdevice/cmos_inverter transient
Description: Simulate the transient

characteristics. Q Q E@Lé

SenEUEEEE | SaubiEEs | SsukliEy

nmos pros dessis

) [n2]: -- [na]: --

LA i R e e - o

, , —l_"m051 == cout
/' Pulse ,
dc | ' - -

« CMOS inverter consists of both NMOS and PMOS devices.
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Device Section (1/2)

Device NMOS {

Electrode{
{ Name="source" Voltage=0.0 }
{ Name="drain" Voltage=0.0 }
{ Name="gate" Voltage=0.0 }
{ Name="substrate" Voltage=0.0 }

}

File{
Grid = "@tdr|nmos@"
Plot = "@tdrdat@"
Current = "@plot@"
Parameter = "@parameter@"

}

Physics{

AreaFactor=5

Mobility( DopingDep HighFieldSaturation

Enormal )

EffectiveIntrinsicDensity(oldSlotboom )
}

}

Device PMOS{

Electrode{
{ Name="source" Voltage=0.0 }
{ Name="drain" Voltage=0.0 }
{ Name="gate" Voltage=0.0 }
{ Name="substrate" Voltage=0.0 }

}

File{
Grid = "@tdr|pmos@"
Plot = "@tdrdat@"
Current = "@plot@"
Parameter = "@parameter@"

}

Physics{

AreaFactor=10

Mobility( DopingDep HighFieldSaturation

Enormal )

EffectiveIntrinsicDensity(oldSTotboom )
}

}

© 2007 Synopsys, Inc. (212)
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Device Section (2/2)

« Each Device section contains an Electrode, a File,
and a Physics section.

* In mixed mode, currents from different devices interact
need to be scaled according to the actual device widths.
The AreaFactor specifications in the Physics section
are used to define the width of the devices.
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System Section (1/5)

System{

Vsource_pset vdd (dd 0) { dc = 0.0 }

Vsource_pset vin (in 0) { pulse = (0.0
1.5
10e-12
10e-12
10e-12
60e-12
140e-12)

}

Capacitor_pset cout ( out O ){ capacitance =

i(cout,out) )
}

HoHH HH HH

dc
amplitude
td

tr

tf

ton
period

NMOS nmosl ( "source"=0 "drain"=out "gate'"=in "substrate'"=0 )
PMOS pmosl ( "source"=dd "drain"=out "gate"=in "substrate'=dd )
3e-14 }
Plot "n@node@_sys_des.plt" (time() v(in) v(out)

1(nmosl,out) 1(pmosl,out)

« The node O is predefined as the ground node.

© 2007 Synopsys, Inc. (214)
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System Section (2/5)

The keyword Vsource pset represents a compact
model voltage source.

 The keyword Capacitor pset represents a compact
model capacitor.

« NMOS and PMOS, defined in the previous Device
sections are used here to define the two circuit
elements, nmos1 and pmosl, respectively.

The Electrode block of the Device section are all
connected to a node of the circuit. For example,
"source"=0, "drain"=out.

© 2007 Synopsys, Inc. (215) S‘/"U PSVSQ
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System Section (3/5)

NMOS nmosl (“source”= 0 “drain”=out “gate”=in "substrate"=0 )

i"L{ out | drain
@ E‘"‘“S‘ substrate
0

— |source

dd| sourcgsubstrate

|—ciEJmus1
L Ut drair
éat&

PMOS pmosl ( "source"=dd "drain"=out "gate'"=in "substrate"=dd )

—
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System Section (4/5)

* vin is defined as a time-dependent voltage source that generates
a pulse train. Available time-dependent sources are as follows:

pulse Pulse description

sine Sinusoidal source description
sin® Sinusoidal source description
exp Exponential source description
pwl Piecewise linear description
sffm Single-frequency FM description

a. Equivalent to the sine parameter.

* Refer to the following manual for more information.
»Compact Models User Guide (cm_ug.pdf)

Synorsys
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System Section (5/5)

System{

E1ot "n@node@_sys_des.plt" ( time() v(in) v(out)

1 (nmosl,out) 1 (pmosl,out)
1(cout,out) )

* The Plot statement inside the System section allows voltages and
currents at selected nodes of the circuit to be recorded.

 To record voltage, specify the node name. For example, v(in), v(out).

« To record current, specify both the element and the node name
through which the current flows. For example, i(hmos1,out),
I(pmos1,out).
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Global File and Plot Sections

 Global File section  Global Plot section
File{ Plotd .
Output = "@log@" eDensity
} hDensity
}

« Used by all Device sections.

« The global File (Plot) section can be placed either inside
a Device definition.

SYNOPSYS
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Solve Section (1/2)

Solve{
NewCurrentFile="1nit"
Coupled(Iterations=100){ Poisson }
Coupled{ Poisson Electron Hole Contact Circuit }
Quasistationary(
InitialStep=1e-3 Increment=1.35
MinStep=1le-5 MaxStep=0.05
Goal{ Parameter=vdd.dc Voltage= 1.5 }

NewCurrentFile=

Transient (
InitialTime=0 FinalTime=200e-12
InitialStep=1le-12 MaxStep=5e-12 MinStep=1le-15

){ Coupled{ nmosl.poisson nmosl.electron
pmosl.poisson pmosl.hole
pmosl.contact
circuit }
}
}

){ Coupled{ nmosl.poisson nmosl.electron nmosl.contact
pmosl.poisson pmosl.hole pmosl.contact
circuit }

}

nmosl.contact

© 2007 Synopsys, Inc. (220)
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Solve Section (2/2)

Transient Analysis Syntax:

Solve{
#-Transient sweep
Transient( InitialTime= FinalTime=..
InitialStep=.. Minstep=.. MaxStep-=..
)

{ Coupled{ .. } }

* InitialTime (Os by default) is start time; FinalTime is final time.
« |nitialStep controls the size of the first step of the ramping

(0.1s by default). MaxStep (1s by default) and MinStep
(0.001s by default) limit this change.
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Output Files of Mixed-Mode

nmosl n3_des.tdr pmosl n3_des.tdr
initnmos1_n3_des.plt  initpmosl_n3_des.plt . A
nmosl n3_des.plt pmosl n3_des.plt pmos__ | __dessis
L) - [nZ]: -- f [na]: --
Device NMOS {.. Device PMOS {..
File{.. File{..
Plot = "@tdrdat@" Plot = "@tdrdat@"
Current = "@plot@" Current = "@plot@" Solve{
- 1} -~ 1}
NewCurrentFile="1init"
System{.. . "
NMOS nmosl ( "source"=0 "drain"=out "gate"=in "substrate"=0 ) NewCurrentFile=
PMOS pmosl ( "source"=dd "drain"=out "gate"=in "substrate'=dd ) ;

Plot "n@node@_sys_des.plt" (time() v(in) v(out)
i(nmos1l,out) 1i(pmosl,out) _ n3_sys_des.plt
i(cout,out) )

File{ Output = "@log@" }_ n3_des.out
synorsys
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CMOS Transient Characteristic

Inspect®wangz-p470:Inx.internal.synopsys.com vA-2008.09
Eile Edit Curve Script Extensions Help

2gelallaaglg/@EHE =mwal ) " 2Y%

— Datasets [ Curves e

) Vout il
vin 7
1.5

S
q o 14 dd
(omest o S
\\gsuul,ul‘m ) ‘d-; pm051
g
= out
time =
—{viin)
wiout) 0.5 nmosl == cgut
!(nmnsLnutj ] 0
ifpmos1, out) .
ifcout,out) - -

| I N S o AL .
| : 0 5e-11 1e-10 1.5e-10 Z2e- VI n _V(I n)

Time (s)

= Vout=v(out)

~
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Example: NMOS Small-Signal AC Analysis

L
=
BENTAITISD |

fevise fdessis

N

[n1]:——( [nZ]: - )

gate 9 H%‘ b substrate
Cag Cbb

Csg Css Csb

Project: /PostBasic/example/sdevice/ac
Description: Calculate C-V characteristics.

gat

=

X [um]

substra S source
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Device Section

Device NMOS{
Electrode {

{ name="source" Voltage=0.0 }
{ name="drain" Voltage=0.0 }
{ name="gate" Voltage=0.0 }
{ name="substrate" Voltage=0.0 }
}
File{
Grid = "@tdra@"
Plot = "@tdrdat@"
Current = "@lot@"
Param = "@parameter@"
}
Physics{

Mobi1ity( DopingDep HighFieldSaturation Enormal )
EffectiveIntrinsicDensity( oldSlotboom )
}
}

* The AC analysis needs to be done by the mixed-mode simulation.
One or more Device sections are required to define
the physical device(s).
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Global File Section

Family Tree
Filef Q s
Output = "@-109@-" -'_:aui_u@ -:aui.m
ACExtract = "@acplot@ devise /"E“'s\
} [n1]: -- ( [nz]: -- )
N—
d ldrain ' |
frequency ;|
wid)
0 [gatd—I—T[substrald © J
vl
aid,
cid,
source S g
* The file name for the AC analysis output ;ESZ:;'.
(n2_ac_des.plt), is declared in the global EES’EJ
. . a
File section. .;Edjhi /

* |t contains the components of the conductance matrix A and
the capacitance matrix C. 'Y = A+ jwC, where w=2rf.
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System Section

System {
NMOS nmosl ("drain"=d "source"
Vsource_pset vd ( d 0 ){ dc
Vsource_pset vs ( s 0 ){ dc
Vsource_pset vg ( g 0 ){ dc
Vsource_pset vb ( b 0 ){ dc

s "gate''=g"“ substrate'=b )

OO OOl
W e e

- For small-signal analysis simulations, an attached
voltage source is required for each terminal if
the terminal is to be included in the AC analysis.
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Solve Section (1/3)

Solve{
NewCurrentFile="1init"
Coupled(Iterations=100){ Poisson }
Coupled{ Poisson Electron Hole }

Quasistationary (
InitialStep=0.1 Increment=1.3
MaxStep=0.5 Minstep=1.e-5
Goal { Parameter=vg.dc Voltage=-3}
){ Coupled { Poisson Electron Hole } }

#-ramp gate
NewCurrentFile=
Quasistationary (

InitialStep=0.01 Increment=1.3

MaxStep=0.05 Minstep=1.e-5

Goal { Parameter=vg.dc Voltage=3}
){ ACCoupled (

Decade

ACCompute (Time = (Range = (0 1)
){ Poisson Electron Hole }
}
}

StartFrequency=1e6 EndFrequency=1e6 NumberOfPoints=1

Node(d s g b) Exclude(vd vs vg vb)

Intervals = 20))
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Solve Section (2/3)

* The initial Quasistationary block biases the device to the starting gate
voltage for the CV sweep.

* The keyword ACCoupled activates the small-signal analysis during
the next Quasistationary sweep. In this example, the AC analysis
Is performed at a single frequency (1 MHz) only.

AC Analysis Syntax:

Solve { ...
Quasistationary (

){ ACCoupled (
StartFrequency=.. EndFrequency=...
NumberOfPoints=.. Decade or Linear
Node(node Tist) Exclude(list of circuit element)
ACCompute (..)
){ ..}
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Solve Section (3/3)

« The AC analysis is performed in a mixed-mode environment.

The AC analysis computes the complex admittance Y matrix.

The options StartFrequency, EndFrequency, NumberOfPoints, and
Decade (or Linear) are used to select the frequencies at which
the analysis is performed and the frequency distribution.

A Node list must be given, which nodes are to be included in the Y-matrix
calculation. With it, for each frequency, the compact equivalent small
signal model is generated between the given nodes.

The Exclude list is used to remove a set of circuit or physical devices
from the AC analysis.

The (optional) ACCompute statement enforces that the AC analysis
IS performed on a set of predefined bias points.

Synorsys
Predictable Success




NMOS C-V Characteristic

Eile Edit Curve Script Extensions Help

Inspect@wangz-p470:Inx.internal.synopsys.com vA-2008.09
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Ex 6. Observe Transient and AC’s

Results
* Observe the following projects’ results.

»[PostBasic/example/sdevice/cmos_inverter transient

time
)]
viout)
ifhmaos1,ouf) =5
ifpmos1,out)
ifcout,out

» [PostBasic/example/sdevice/ac

) freguency
wos alinascmRB ses W)
o “‘ 6V Curves i

—Cag
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o I o B
o
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o
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Quasistationary, Transient and AC Analysis

Quasistationary | Transient AC
(Y-parameters)

Input Signals

Simulation
Domain

Need
Quasistationary
Analysis?

Mixed-Mode
Necessary?

“t” Variable

Applications

© 2007 Synopsys, Inc. (233)

No

“t” is the internal
variable. (0->1)

DC operating
point ,DC sweep

Time-dependent

sources
Time

Yes

No

“t “is the real
time [s].

Transient
response

Small-signal AC
sources
Frequency

Yes
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Inspect
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Outline

* GUI interactive mode

= Load curve file, plot curves

Edit Plot area, Axes

Create new curve

Formula library - refer to manual 2007.12 P.25,48
Macros - refer to manual 2007.12 P.26,50

= Save, Export

* Script file batch mode

= Record each operation step on interactive mode to generate
a script file.

= Script a command file — refer to example 0.18um nMOS
= Extract standard parameters of the extraction library
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Inspect Script Basic

Version A-2008.09
Rev0.0
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Agenda

* Basic Operations and Script Commands

> Load plt File: proj_load

> Create Curve : cv_createDS

> Set Attributes: gr_setAxisAttr; cv_setCurveAttr
> Extract Variables : cv_compute; ft_scalar

* Mathematical Formulas and Macros

» Mathematical Formulas
» Macros

* Threshold Voltage Extraction

> Definitions of Threshold Voltage
> Inspect Script

Synorsys
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Inspect Script

* Inspect can be controlled by using a simple scrip language. For
example, a script can load a project (data file), draw curves, and
perform mathematical computations on curves.

* A script can be written manually or created automatically by recording
actions performed interactively through the graphical user interface.

* Inspect script can extract variables to SWB family table.

Family Tree Yariahle Walues
- L S
BN usy SelEEY | Sauminen
Sprocess sie Iy e —
Lgshitt ( Ly vt vl )

—_

ra

a

I=

n

(=]

0.0

0.065

0.316

0183

0.005

0.075

0.340

0.215

0.m

0.085

0.327

0.206

0.0175

0100

0.315

0.139

0.0325

0130

0.298

0.158

0.0925

© 2007 Synopsys, Inc. (238)

\ 0.250 0.257 0.158 g

SYNOPSYS

Predictable Success



- Basic Operations and Script

Commands
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Basic Operations and Script Commands

°* The basic operations and script commands are
explained:

> Load plt File: proj_load

> Create Curves : cv_createDS

> Set Attributes: gr_setAxisAttr; cv_setCurveAttr
> Extract Variables : cv_compute; ft_scalar

° A backslash ‘\' is used to extend a command to
multiple

lines if it appears as the last character on the line.
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Load plt File ~ Operation ~ (1/3)

[ inspect@okukinu vA-2008.09

Eilelgdit Curve Script  Esxtensions  Help

Automatically Update Datasets..
Delete Datasets

Load Setup...
Save Seftup...

Bestare All..
Save all...

Export

Write EPS...
Write P5...
Print...

Ctrl+P

Preferences...

Exit

Cirl+

Il:\_% Il:& Il:fz

Click “L

0.8 5
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Load plt File ~ Operation ~ (2/3)

Inspect[ﬁmku kinu vA-2008.09

File Edit Curve Script Estensions Help

=& o allllaay iz

B
u:u[ i

B, By B [

ID_% IO& In:fz

— Datasets

- — CUrvYes
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1

¢ Load Dataset

Directory:  fremotedtcadssatoshiy/STOBTraining/nmos_rolloff —

. E] n2_des.plt

El n14_des.plt
El n15_des.plt
. El n16_des.plt
El n17_des.plt
El n18_des.plt
- El n19_des.plt

2. Set “Files of type”

4. Click “Open”
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Load plt File ~ Operation ~ (3/3)

Inspectn:ﬁ'lokukinu vA-2008.09 =& x|
File Edit Curve Script Estensions Help

Egemeaan IxEE emen ) o "%V

—.E)a.\tes.elshi —Curves ————————— ] I
ainz_des i
.'v
MTTI L '.
& 4
.
.
v N
o
’ Dat t nam
& -
5. Datpaset name
fime q
gate B
substrate
drain 0.6
source |
04
02
Mew... q
To K- dxis | Edit... | |
To Left - &xis | Delete... | h
0 T T T T T T T T T T T T T T T T T T T T T
Ta Right Y- A | Delete All.. | 0 n.z 04 06 0.8 5
f1 I

W = 0433211 Y = 0273463
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Load plt File ~Command ~

* Load plt file

proj_load n2_des.plt n2_des
3. D.

> n2_des.plt : the name of the file to load.
> Nn2_des : the arbitrary name user can define for this dataset.
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Create Curve ~ Operation ~ (1/4)

Inspectn:ﬁ'lokukinu vA-2008.09 =& x|
File Edit Curve Script Estensions Help

Egemeaan IxEE emen ) o "%V

—.E)a.\tss.elshi — Curves ] I
e S
e [Click “Datasets”
=Nz
I ’ IC alasets
0.8 4
tine 7
gate B
substrate
drain 0.6
SOUICE 4
0.4
0.2 o
Mew... 7
Tao ¥-Axis | Edit... | i
To Left - fis | Delete... | ]
0 T T T T T T T T T T T T T T T T T T T T T
Ta Right Y- A | Delete All.. | 0 n.z 04 06 0.8 5
(=] ]
¥ = 0433211 Y = 0.273463
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Create Curve ~ Operation ~ (2/4)

Blnspect@okukmu wvA-2008.09

Eila Edit Curve 3Script Estansions Halp

sas|mlleaarixE@8  nmwn b o %%
— Datasets -

- —Curves

nz_des

0.8+

e | 2 Select “contact”

drain 0.6 -

Inneryoliags
GuasiFermiPotential
DisplacementCurren
eCurrant

mases || 3. Select “OuterVoltage”

hCurrent
TotalCurrent
Charge

0.2

S New. | .
St AwClick [“To X-Axis”

To Left Y- tils | Delete.. |

u T T T T
To Right Y-Axs | Delete &1l | o 0z
|| ]

[No data selected for X-Axis
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Create Curve ~ Operation ~ (3/4)

Elnspect@ukukmu vA-2008.09

Eile Edit Curve Script Extensions Help

SBSo|mlllaa T FE ween b s %YV
— Datasets —Curyes -

nz_des

0.8

ofSBAPE T .

% | 5. Select “contact”

Outervoltage 04 -
InnerYolage
BuasiFermiPotential
DisplacementCurren
eCurrent

DEUCEOL s, |
qmwemeiin ||| 6. Select “TotalCurrent”

arge 0.2 |

T New.. |

To X-ens | Edit. | |
 ToLtvos | 7.LClick 7To Left Y-Axis”

]

To Right Y-4xs | Delete & |

[Selected set for }- Axis : nZ_des gateOuteryoltage
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Create Curve ~ Operation ~ (4/4)

[ inspect@okukinu vA-2008.09 -l& =]
File Edit Curve Script Estensions Help
Fgo[alllaarIx[EHE =%wn] ) oY

- Datasets ———  Curves

nz_des =[TotalCurrent_drain = — TotalCurrent_drain
-lllllllllllll '88_05_
‘e Name
8. Curve
fe-05
time
gate b
substrate
drain 7
source i
4e-05 -
Outerloltage |
Inneryaltage R
CGuasiFermiPotential
DisplacementCurren T
eCurrent i
hCurrent
TotalCurrent 2e-05 -
Charge
Els| Mew... | |
To K- Axis | Edit... | b
To Left - &xis | Delete... |
0 T T T T T T T T T T T
To Right /- &xis | Delste Al | v b3 ! ¥
f1 [

wstart J a [f__x_', g'} (&) E‘?u @: @ @ »J @;nﬂ‘%ﬁlﬁ%?i...l I5) 8 Windows Expl... = |(~) Inbox - Microsaft ... ”grl X Server for. - ﬁ,ZMiUOSOﬂOFﬁC---'l E Inspectd07.bmp '| J | Q} A « Qﬂ@ 17:19
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Create Curve ~ Command ~

cv_createDS TotalCurrent_Drain \
\ 8.
{n2_des gate QuterVoltage} \
\ 1. 2. 4.
{n2_des drain TotalCurrent} y
1. 5. 0. l.

* TotalCurrent_Drain : a unique name for the new curve.
* {n2_des gate OuterVoltage} : a list of data to use for the x-dataset.
* {n2_des drain TotalCurrent} : a list of data to use for the y-dataset.

° y : optional parameter specifying the axis to use; the default is y; the
options are y or y2.
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Set Attributes

* This section describes the functions that change the
attributes of the axes, curves, and legend.
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Set the Axis Attributes
~ Operation : Start ~

[ inspect@okukinu vA-2008.09 -l& =]
File Edit Curve Script Estensions Help
Fgo[alllaarIx[EHE =%wn] ) oY

- Datasets ——  Curves

4 i
nz_des TotalCurrent_drain — TotalCurrent_drain
fe-05
fie-05 |
time
gate b
substrate
drain 7
source i
4e-05 -
Outerloltage |
Inneryaltage R
CGuasiFermiPotential
DisplacementCurren T
eCurrent i
hCurrent
TotalCurrent 2e-05 -
Charge
— Now. | : :
== ' 1. Double-click the axis
.
To K- Axis | Edit... | b
To Left - &xis | Delete... | QR E NN NN NN NN NN NN EEEE IR EEREEEEEEEEERSERREERRRRRRny,
:D T T T T T T T T T T T .
Tao Right - &xis | Delete All... | *anhansnsnnnnnnunnnnnnnnunnnnnnnnnnnndinanunnnnnnnnunnnnnnnnnnnnnnnnnnnnndannnunnnnnnnnnn’ s
f1 [

« i~ M@ 1710
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Set the Axis Attributes
~ Operation : Editing Title (1/2) ~

o
© 2007 Synopsys, Inc. (252)

—Curves
TotalCurrent_d
fe-05 H
Ge-05 o
4e-05
Ze-05 —
0

2. Click “Title” tab

Title”

ok

Apply
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Set the Axis Attributes
~ Operation : Editing Title (2/2) ~

Be-05
- s | Left W-fxis | Right Y- s |

Pattarns ] Scale Title ]Tiu:ks ]
fe-05 -

Title: [Vg [V]

Colar: .

[ ]

4e-05 -

: | SN AYETTR
- | Italic
5. Change “Font”, “Size”, “Stylg." . 1 Unideine
i courier 13 _I Dwverstrike
2a-05 - Courier new 4 |20

oK | ap Sample text

-------------

o« 6eClick “Oﬂ(”

0 |
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Set the Axis Attributes
~ Operation : Editing Scale~

ge-05 -
7. Click “Scale” tab
x|
Be-05 atmns
. b ¢ 8. Change Min” and “Max”
L o—
Scale: % Lin -~ Log
4e-05
fe-0a -
[9],9 Apply Cancel
o |
0 0.5
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Set the Axis Attributes
~ Operation : Editing Pattern

(1/2) ~

Be-05
H 1 L
10. Click “Patterns” tab
D¢ Axes Py
H-fis | Left ¥-feds | Right - feds |
be-05 : Patternsg] Scale | Title | Ticks |
W Display X-axis
I Display Wertical Line at x=0
48-05 -
] ”
Color
2e-05 -
| OKi sonly —
i r / T T
0 0.5
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Set the Axis Attributes
~ Operation : Editing Pattern
(212) ~

Ge-05 4

12. Click “Patterns” tab

X

I Display ¥- 8xis
I Display Vertical Line &t ¥=0

----------------------------

e ] i 13.Change “Width”

(9]:8 Apply Cancel

1]

1 T T T
0 0.5
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Set the Axis Attributes ~ Command ~

gr_setAxisAttr X {Vg [VI1} {arial 15} 0 8 black 1 \
\ 1. 3. 5. 8. 11. 13.

{arial 15} O 5 O black

X : a keyword (X, Y, or Y2) specifying an axis.
Vg [V] : the axis title.
{arial 15} : the font size of the axis title.

0 8 : minimal and maximal values of the axis.

black : the color of the axis.

1 : the width of the axis line.
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Set the Axis Attributes
~ Operation : Editing Ticks (1/2)

ge-05 —

Be-05 —

4e-05 -

2e-05 —

16.

0

Tick Lahel Angle: ID_1ﬂ-._C-I-i_C-K “TiEkS” tab

Subdivision: |5 -
Type: | default =
Precision: B =

lllllllllll

+ |application

= | 5rial 112 _| Italic
* |arial :
Ok, | Apply | Cancel | ! |baok antiqua 13 I Underline
% |charter 14 _1 Overstrike :
clean R
N (11 L 11 H 7 13
Change “Font”, “Size” and Sstyle text

Cancel |

0
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Set the Axis Attributes
~ Operation : Editing Ticks (2/2)

18. Change ‘TlﬁléLE;bgihixnlgjle”
e —
el —
Type #+9.Change {Subdivision”
Precision: |6 g
ok | sy | coco
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Set the Axis Attributes
~ Operation : Changing Log/Lin

go-ns -

20. Click “Scale”] tabn E e | Ticks |

1 e oL 2 21. Change “Scale”

Ee-05 -  vsssssssssssssssssssssmmssss?

4e-05

QK. Apply Cancel

2e-05 o

1]

T T T T T
0 05
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Set the Axis Attributes
~ Operation : Editing Font of
Title ~

Patterns | Scale £ Tite !T ng2 CI'Ck “Title” tab

. Change “Color”

4e-03
ik -
o OK E Apply | c I|
2e-03
24. Click “OK”
o T T T T T
] 0.3
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Set the Axis Attributes ~ Command ~

gr_setAxisAttr X {Vg [V]} {arial 15} 0 8 black 1 \
\
{arial 15} O 5 O black
16. 18. 19. 20. 23.

X :a keyword (X, Y, or Y2) specifying an axis
{arial 15} :the font size of the tick label
O : the angle at which the tick labels are drawn

5 : the number of secondary ticks between the main ticks

black : the color of the axis title
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Set Curve Drawing Attributes
~ Operation : Start ~

Inspect@nkukinu vA-2008.09 =& x|
File Edit Curve Script Estensions Help
Fgo[alllaarIx[EHE =%wn] ) oY

- Datasets ——  Curves

o 5 A
nz_des TotalCurrent_drain TotalCurrent_drain

Ge-05 - SRR L LR L R LR L L L R L L LY o

Rae
o
B g

o
o

.*

time
gate b
substrate

drain 7

source

1. Double-click Graph Area

Outerloltage
Inneryaltage R
CGuasiFermiPotential
DisplacementCurren
gCurrent

hCurrent
TotalCurrent 2e-05 -
Charge

-l Mew...
I 1=

S ST NN NN NN N AN NN NN NN NN NENNEENENNENNENEENEEENEg,

. .

. .
.

.
N
" asssssssEssEEsEEEsEEEssEEssEEssssssssssssssmmnst?

3

To K- Axis | Edit...

o
*
‘e

g
*

o*

.
. .
" ssssssssssgdEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEssssEneeeeannnst®

To Left - &xis | Delete...

0 T T T T T T T T T T T
1] 0.5 1 =

f1 [
o start J é [r_;J' E‘{} [~ = ﬂEf‘ @ @ »J @;nﬂ\%ﬁlﬁ%%i..] |2 8 Windows Expl... =| [~ Inbox - Mirosaft ... ”gfl X Server for ... - E,ZMiaoscﬂOFﬁc...vl E Inspectd07.bmp —| J | Q} A e Qﬂﬁ 17:19
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Set Curve Drawing Attributes
~ Operation : Editing General Part

—~
—Curves |
CET | — 1Yy
2. Click “G I”” tab
. IC enera d
¥¢{ Curve Attribute x|
e S S S T are 8
ELegend: [lavd |
e nnuna nan . “L j”
= Quantity: | TotalCurrent 3_ Change egen(
% K Dataset  |nZ_des gate Outervoltage
59_5 ¥ Dataset  |n2_des drain TotalCurrent
i
tap Curve To
’70 Left - Axis - Right ¥-Axis
Ok Apply Cancel
Mew..
Edit... |
DEIEtE | [ T T T T T T T T T T
i} 0.4 1
Delete All.. | Outervaltage (V)

Synorsys
Predictable Success



Set Curve Drawing Attributes
~ Operation : Editing Line Part

(1/2)~

4. Click “Line” tab

: EOOEEC|:
Style: = F..llll e

EEEDOO :
wo  FEESEE]:
= ¢ 5. Change [‘Color”

.
-----------------------

TotalCurrent (&)
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Set Curve Drawing Attributes
~QOperation : Editing Line Part (2/2)~

R 7i 6. Change “Style”

-
--------------------------------------

;v 5 7 Change “Width”

-----------------------

TotalCurrent {A)

oK Apply Cancel

[ I
0 0.3

T T T T T T T
mtariinltana AN
®
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Set Curve Drawing Attributes
~ Operation : Editing Marker (1/4)

8. Click “Marker” tab

x|

gshaper r— |'| 9_ Chajge “Shapeu

..... .. 10. Change 11

Cutline Width: |1 =
Fill Colar: .

TotalCurrent (4}
(53]

| T T T T T T
minterinltarne M0
SYNOPSYS
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Set Curve Drawing Attributes
~ Operation : Editing Marker (2/4)

TotalCurrent (&)

Change “Outline Color”

QK Apply | Cancel |

T
0.5
Outervaltage (V)
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Set Curve Drawing Attributes
~ Operation : Editing Marker (3/4)~

--------------------------

% Outiine wicih: [il__]s 12. Changel “Outline Width!!

--------------------------

Synorsys
Predictable Success




Set Curve Drawing Attributes
~ Operation : Editing Marker (4/4) ~

- 13. Change “Fi}l Color”

---------------------------
g e,

Outline Width: ‘I

TotalCurrent (&)
il
o

L1t Dil;;."l'g Cancel

14. Click “OK”

Y -
IIIIIIIIIIIIIIIIIIIIIIIIIIII
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Set Curve Drawing Attributes
~ Command ~

cv_setCurveAttr TotalCurrent_Drain IdVg black solid 3
\ 3. 5. 0. 7.
square 5 black 1 black

9. 10. 11. 12. 13.

\

- TotalCurrent_Drain : the curve name.
- IdVg : the curve legend.

- black : the color of the curve line.

- sol1id : the drawing style of the curve line.
- 3 : the width of the curve line.

- square : a keyword for the marker shape.
- 5: the marker size.

- black : the color of the marker outline.

- 1 :the width of the marker outline.

- black : the fill-in color of the marker.

Synorsys
Predictable Success




Compute a Scalar Using the Formula

* The formula library allows some basic calculations to be
performed on one or more selected curves.

cv_compute "formula" xmin xmax ymin ymax

> formula : the string with the formula to evaluate.
> Xmin, Xxmax, ymin, ymax : the range for which the formula is applied.
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Extract Variables

* The Inspect command ft_scalar prints the extracted
value and passes it to Sentaurus Workbench.

* Examples:

set maxid [cv_compute "vecmax(<Id>)" 0 0.5 0 1.0]
ft_scalar id_max $maxid

set vt [cv_compute "vecvalx(<Id>, 1le-5)" 0 1.0 0 1.0]
ft_scalar Vt $vt
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Extraction Library

* The commands provided by this library are used to
extract various parameters from |-V curves. The library is
loaded with the command:

lToad_1ibrary EXTRACT

* Refer to Inspect manual for more information.
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RF Extraction Library

°* The commands provided in this library are used to extract
RF parameters from small-signal data. The library is
loaded with the command:

load_1library RFX

* Refer to Inspect manual for more information.
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Recording Script

* A script can be created automatically by recording actions
performed interactively through the graphical user
Interface.

* To create a script:

> A Script Name dialog box is displayed, which prompts you to
select or create a script file.

Script > Record > Start

> After selecting the file name, Inspect starts to store every
operation until recording is stopped. e scrt| exensions e

Al I |, FRun Seript... Cirl+R ﬁ 77 [ e g mm, B

Script > Record > Stop ~ " Reco T

— Add Pause -
Add Break

‘ ‘ ‘ Stop
D.B}
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Inspect Execution Mode

* Inspect has two execution modes: interactive and batch mode. You

can Change mOde by Edit inspect preference E]

aelect Execution kMaode

Right button>Edit Input>Preferences... + Startin interactive mods

# Start in batch mode
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a1 synopsys con': “inspect -batch -£ ppdd ins, ond 1 IV JR ,
55353»3557 job '43' status changed from 'rumning i Dl Dt
11:06:10 Feb 09 2009 +++ job 43 <inspect done ex)t(D)
SCHEDULING REPORT
s+ done 38 30 40 41 42 43
11:06:12 Feb 09 2009 ¢rmos_rolloff swbs done (25 sec)
>33»»» Vriting to status file 25
gsub exits with status
]
Close
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Mathematical Formulas and Macros

SYNOPSYS
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Mathematical Formulas (1/2)

* Click the New button below the Curves area in the Inspect main
window.

°* The Create Curve dialog box is displayed. The right pane lists
available formula commands (mathematical functions) .

"] Create Curve_

Curves MName: |l:uw 8_1

TotalCurrent_drain |
FormusE |-.|ecmin{-:TatalCurrenLurain:vj >

Map Curve To # Left ¥Y-Axis - Right -Axis

available formula commands are:

acos, acosh, asin, asinh, atan, atanh, cbr, ceil, cos, cosh, e,
erfc, exp, fabs, floor, gamma, j0, j1, lgamma, log, logl0, pow, sin,

sinh, sqrt, tan, tanh, y0, y1, diff, integr
e q Yo ¥ g

ADD YECmax, vecmin, vecvals, vecvaly, tangent, veczera
WT
VTl

Curve names in the formula must be surrounded by “<" and > If you are
using macros, CURVE must be replaced with the curve name and M with

gm a scalar value.

Rout
Ron

ID5S
test]

testtz

QK Apply Cancel
L -

Synorsys
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Mathematical Formulas (2/2)

* vecmax (curve)
» Maximum y-value.
« vecmin (curve)
» Minimum y-value.
« vecvalx (curve, scalar)
» X-value at a given 'y
« vecvaly (curve, scalar)
» y-value at a given X

« veczero (curve) f Vveczero

vecmaX

» X-value aty = 0. >X
« diff (curve)
» Returns the first derivative of the curve. vecmin
* integr (curve)
» Returns the integral of the curve.
« tangent (curve)
» Returns the tangent.
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Macros (1/3)

* Macros are predefined commands that can be later recalled. For
example, in Inspect, there is a predefined macro, VT, which
performs the threshold voltage extraction.

Create Curve

Curves MName: Icurve_a

Inmos

Vout Formula: |

Wi Map Curve To @ Left Y-Axis ~ Right Y-éxds

Macros
available formula commands are:
ADD
acos, acosh, asin, asinh, atan, atanh, chr, ceil, cos, cosh, eif,
WT etfc, exp, fahs, floor, gamma, 0, j1, lgamma, log, log10, pow, sin,
".,."T'I /\ sinh, sgr, tan, tanh, 0, y1, diff, integr
Macros

gm Y 200 wBCmaX, vecmin, vecvalx, vecyaly, tangent, veczero

T Curve nameg in the farmula must be surrounded by "<" and "=". If you are
Rout W1 using macros, CURVE must be replaced with the curve name and N with

gm a scalar value.
Hl:lrl Rout

Ran
IDSS | |
testl test]

testt?
testt? \

oK Apply LCancel

Synorsys
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Macros (2/3)

* Macro usage:

Eile Edit Curve Script Exensions Help * - S Inspect = R'Esult E]@E]
E&oalllfaan I HE % wn| b %%
—Dataset —Cur —
PLT(20) 1dvg(zD) Id vs. Vgs (Lg=0.065 um, Vds=0.05 V) i The result of l'\"lTl:{ldl'\"Igl:ED:I}:I is
8e-05+
fime | . )
fate
et 6e-051

source

i Create Curve E]
Mame: Icurve_1

Formula:  |WTi=ldvg(20)=)

Curves

4e-

Map Curve To @ Left ¥-Axis - Right ¥-Axis

lect curve

Drain Current (A/um)
&
N/ \

available formula commands are:

acos, acosh, asin, asinh, atan, atanh, chrt, ceil, cos, cosh, er,
J etfc, exp, fabs, floor, gamma, j0, j1, lgamma, log, logl0, pow, sin,
A sinh, sgit, tan, tanh, w0, y1, diff, integr
” o R kacros
| VBCMax, vecmin, vecvals, vecvaly, tangent, veczero
Mew.
N i Curve names in the formula must be surrounded by "<" and "=". If you are
To X-Axis | W using macros, CURYE must be replaced with the curve name and N with
0 T ’ T T T T T 1 |gm a scalar value.
meﬂqys Iif‘ek “Ne‘a'u 0.5 Rout 2 Selec “VT”
Ron
n n
To Right ¥-Axis | Delete All | Gate VOItage (V) 0SS
- testl
[}=117441 [v=1653 [testtz

h ~_4.Click “OK”
( oK ‘, apply | cancel |
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Macros (3/3)

* Macro definition can be edited by

Edit>Define Macros...

kdacro List

Marme: |VT
<b

kdacro: @alxﬁangent({c 1=, veczero(diffii=c 1=) - vecmax(diff{-:cE

1. Sglect “vT”

© 2007 Synopsys, Inc. (283)

Rout
Ran
D=3
testl
testtz

add f Edit

Macro Editor

Celete

Z. Macro definition

availahle formula commands to create macros are:

acos, acash, asin, asinh, atan, atanh, chi, ceil, cos, cosh, e,
erfc, exp, fahs, floor, gamma, |0, |1, Igamma, [og, log10, pow, sin,
sinh, sqrt, tan, tanh, v0, 1, diff, integr

YeCmax, Yecmin, vecval<, vecvaly, tangent, veczero
Use "=C n=" as place holders for curves and "«s n=" for scalar values

in the macros, where n represents the argument used in the macro (n
must start with 17

a

Close |

L

SYNOPSYS

Predictable Success



Threshold Voltage Extraction
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Definitions of Threshold Voltage (1/2)

I Maximum slope of

A the CLl‘ e
Definition 2
|d
> V ()
VT 9
ld=1e-7
I A
Definition 1 t/Tl > Vg

SYNOPSYS
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Definitions of Threshold Voltage (2/2)

e Macros
VT.

vecvalx(tangent(<cl>, veczero(diff(<cl> - vecmax(diff(<cl>)))), 0.0)

VT1:

vecvalx(<cl>, 1.0e-7)

« Script functions
VT.

f_VT curveName xmin xmax ymin ymax »Xmin, Xmax, ymin, ymax,
the range for computing the
VT1: result; default values

correspond to the full curve
range.

sysys
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Inspect Script (1/4)

set N @node@

set Vvd 0.05

set Lgshift @Lgshift@

set Lg [expr 2.0%$Lgshift+0.065]
ft_scalar Lg [format %0.3f $Lg]

proj_load @plot@ PLT(S$N)
cv_createDS IdVg($N) \
"PLT($N) gate OuterVoltage" "PLT($N) drain TotalCurrent" y

gr_setAxisAttr X {Gate Voltage (V)} 12 {} {} black 1 10 0 5 0
gr_setAxisAttr Y {Drain Current (A/um)} 12 {} {} black 1 10 0 50
gr_setTitleAttr "Id vs. Vgs (Lg=$Lg um, Vds=$vd V)" 14 center

#- Extraction

#- Calculate the threshold voltage [V]
set vt [f_VT IdVg($N)]

ft_scalar vt [format %0.3f $vt]

set vtl [f_VT1 IdVg($N)]

ft_scalar vtl [format %0.3f $vtl]

cv_setCurveAttr IdVg($N) "Id" red solid 2 circle 0 defcolor 1 defcolor
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Inspect Script (2/4)

Set variables:

set
set
set
set

N @node@

vd 0.05

Lgshift @Lgshift@

Lg [expr 2.0*$Lgshift+0.065]

© 2007 Synopsys, Inc. (288)

L Lg |
~ 0.065um

N S
'~ 7 '~ 7

Lgshift Lgshift
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Inspect Script (3/4)

Load plot file:
proj_load @plot@ PLT($N)

Create curve:

cv_createDS IdVg($N) \
"PLT($N) gate OuterVoltage" "PLT($N) drain TotalCurrent" y

Set curve attribution:
cv_setCurveAttr IdVg($N) "Id" red solid 2 circle 0 defcolor 1 defcolor

Set axis attributions:

gr_setAxisAttr X {Gate Voltage (V)} 12 {} {} black 1 10 0 5 0
gr_setAxisAttr Y {Drain Current (A/um)} 12 {} {} black 1 10 0 5 0

Set title:
gr_setTitleAttr "Id vs. Vgs (Lg=$Lg um, Vds=$vd V)" 14 center

Synorsys
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Inspect Script (4/4)

Calculate VT:

set vt [f_VT IdVg($N)]

Calculate VT1:

Export the variable to the Family
Table of Sentaurus Workbench:

set vtl [f_VT1 IdVg($N)]

Family Tree

ft_scalar

ft_scalar
ft_scalar

Lg

vt

[format %0.3f $Lg]

[format
vtl [format

%0.3f $vt]
%0.3f $vtl]

Yariahle Values

N

<

SNl asP | SellliEeg | Sauk epect |
Sprocess sie [ rolloff
Lyshift Ly wi il

1 0.0 0.065 0316 0.183
2 0.00%5 0.075 0.340 0.215
3 0.07 0.085 0327 0.206
4 00175 0100 0315 0.199
Gl 0.0325 0.130 0.238 0.143
B 0.0325 0.250 0.257 0.158
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O0nm nMOS Exercise
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Preparation

* Copy the 0.18um_nMOS project and rename it as
90nm_nMQOS, then clear up all the output files

* SProcess uses the —f option to speed up the
simulation time for structure verification

= -f option skip diffusion and monte carlo implant step
= Refer to SProcess manual 2007.12 P.52

= |t will cause some parameter extraction failure because
of a missing net doping profile. When we are sure the
device structure is correct, we should remove the —f
option to do a complete simulation.
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Structure Comparison
°* 0.18um nMOS * 90nm NnMOS

-0.2- 0.2-

= =
=, =
50, >0.

-0.2 0 0.2 -0.2 0 0.2
X [um]
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Process Comparison

°* 0.18um nMOS °* 90nm nMOS

Well/Vth implant & anneal Well/Vth implant & anneal

Boron dose=2e13 energy=200 tilt=0 rot=0 Boron dose=2e13 energy=200 tilt=0 rot=0
Boron dose=1e13 energy=80 tilt=0 rot=0 Boron dose=1e13 energy=80 tilt=0 rot=0
Boron dose=6e12 energy=25 tilt=0 rot=0 Boron dose=8e12 energy=30 tilt=0 rot=0

diffuse temp=1050 time=0.3<s> diffuse temp=1050 time=0.3<s>

Gox~33A Gox~18A

diffuse temp=650 ramprate=0.6666 time=5  diffuse temp=650 ramprate=0.6666 time=5

diffuse temp=850 time=10 O2 latm diffuse temp=850 time=10 02=0.8<I/min> N2=9.2<l/min> latm

diffuse temp=850 ramprate=-0.6666 time=5 diffuse temp=850 ramprate=-0.6666 time=5

POLY height = 0.18um POLY height = 0.15um

deposit poly type=isotropic thickness=0.18 deposit poly type=isotropic thickness=0.15
Halo/LDD implant & anneal Halo/LDD implant & anneal

Boron dose=1e13 energy=15 tilt=30 / Boron dose=2e13 energy=12 tilt=30 /
rot=0,90,180,270 rot=0,90,180,270

Arsenic dose=1e15 energy=20 tilt=0 rot=0 Arsenic dose=1e15 energy=>5 tilt=0 rot=0
diffuse temp=1050 time=0.02<s> diffuse temp=1020 time=0.03<s>
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Process Comparison

° 0.18um nMOS

Nitride Spacer

deposit nitride type=isotropic thickness=0.06
etch nitride type=anisotropic thickness=0.084
etch oxide type=anisotropic thickness=0.01

Source/Drain implant & anneal
implant Arsenic dose=4e15 energy=30 tilt=0 rot=0
diffuse temp=1080 time=0.02<s>

© 2007 Synopsys, Inc. (295)

* 90nm nMOS

ONO Spacer

deposit oxide type=isotropic thickness=0.005
deposit nitride type=isotropic thickness=0.015
deposit oxide type=isotropic thickness=0.06
diffuse temperature=720 time=20

etch oxide type=anisotropic thickness=0.1
etch nitride type=anisotropic thickness=0.03
etch oxide type=anisotropic thickness=0.015
#--- consider native oxide --------------------m-mm--—-
deposit oxide type=isotropic thickness=0.0015

Source/Drain implant & anneal

implant Phosphorus dose=1e15 energy=6 tilt=0 rot=0
implant Arsenic dose=5e15 energy=30 tilt=0 rot=0
diffuse temp=1050 time=0.03<s>

SYNOPSYS
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SProcess Mesh Comparison

° O_.18um nMOS

-0.1+

0.2

0.3

°* 90nm NnMOS
0.1
0-
3
20.1-
}_
0.2-
0.3-
Q.1 0.2 0 0.1 0.2
X [um] X [um]
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SDevice Mesh Comparison

°* 0.18um nMOS * 90nm nMQOS
Q Q
_____,_..-'-F"
.1 —0. 1
= =
=, =
P >-
0.2 0.2
Q 0.05 0.1 0.15 0.2 Q 0.05 0.1 0.15 0.2
X [um] X [um]
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ld Vg Curve Comparison

* 0.18um nMOS * 90nm nMOS
= Vdd=1.5v; Vds=0.05v = Vdd=1.2v; Vds=0.05v
0.18um vs. 90nm nMOS IdVg Vds=0.05
0.0001 0.0002
ql----gm_0.18um -
i == =-gm_90nm -
Be—DE—_ —Id_0.18um | .~ I
{—tdom | - - 0.00015
: I 9
E EE—DE—_ : ’E
< ] —~0.0001 E
= 4e-051 : 5
] _—EE—DS
- Lo
0.5 1 1.5 .
Vg (volt) SynUPSyS

Predictable Success




Hints

Need to translate the process conditions into correct syntax
of Sprocess.

Poly height has been changed from 0.18um to 0.15um, need
to update the coordinate of gate contact in Sprocess.

After finish the modification of Sprocess, whole simulation
flow (Sprocess, SSE, Sdevcie, Inspect) can be executed well.

* |In Sprocess, fine tune LDD & SD refine-box to get a more
accurate doping profile.

In SSE, fine tune variable “PNres” to optimize the mesh of
LDD and SD junction to get a more accurate Sdevice
simulation result.
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C-V Device Simulation
Breakdown Device Simulation
PMOS Simulation

SYNOPSYS
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CV-curve: long channel transistor

Bottom region:
Good fit indicates, that Inversion region:
the channel profile is Used to adjust the
correct doping concentration
Accumulation \ / in poly-Silicon.
region: no_14
Good fit indicates - \[
correct oxide J_\
thickness. | !
£ Threshold voltage:
m le-144 _
o »Dopant concentration at
© | — the gate oxide interface
»Interface charges
0 T T T
-2 -1 0 1
V_gate [V]
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C-V Device Simulation

* Small-signal AC analysis (2007.12 P.183)
= AC simulation are performed in mixed mode (2007.12 P.163).

1

—W
)
Ol

= Extract conductance and capacitance of each node, and output
matrix A (conductance) and matrix C (capacitance).

*j=Yu=Au +iwCu
* | is the vector containing the small-signal currents at all nodes.
* u is the corresponding voltage vector.

© 2007 Synopsys, Inc. (302) Syn[] PSVSQ
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C-V Simulation Command File

Device “device1” {

File { “define device input and output file” }
Electrode { “same with IV simulation” }
Physics { “same with IV simulation and turn on minority carrier quantum

potential equation for accumulation side CV extraction” }

}

File { “define system output file” }
Plot { “same with IV simulation” }
Math { “same with IV simulation” }

System { “based on previous devicel and the voltage source of each node
construct a simple circuit” }

Solve { “set bias sweeps sequence, solve transport models and
extract AC parameters” }

Synorsys
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C-V Device Simulation Result

CV Lg=0.09 um

Cgg: gate node capacitor

Ccg: drain node + source node e

Cbg: substrate node

°* Cgg=Ccg+Chb
gg g g nnnnnnnnnn Chg nWOS
., " ree Cog NMOS
5e-16 _______________ — Cgg nos
CV Lg=10 um ____' ------
]
12-013
T i . o T T T T T T T Ty ; f
€ L Cervins s 0 1
§ — CggrMOS Gate Voltage (V)
=
L] i
ot
5 5e-014+
I
1

Gate Voltage (V) o
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Breakdown Device Simulation

* n-th step converge, next AV, ,, > AV,

* n+1-th step diverge, then AV, ,, = AV, /2

* The voltage step will be divided by 2 again and again,
until it converges or until it reaches a minimum step that
we define in the command file.

> -
VD I e
AV, AV,
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Breakdown Device Simulation

* An approach to solve divergent and snapback issues

= Introduction please refer to on-line training material “SDevice
section D.1 MOSFET Breakdown Simulation ”

MOS Breakdown

1E-3
] 2, ="~ Quter
Vd_OUter (force) 1E-4 5 Negative resi -+~ Inner
’g‘ B3 Frequent divergent region
g/ 7] i
-~ 1E-64
c 3
o
Vd_inner 3 1E74
(sense) 8 ]
1E-9 2
1E-10 | T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 B 8 10
Drain Voltage (V)
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Breakdown Device Simulation

* Modify SDevice command file

= Turn on Avalanche and Band2Band model
= Solve dual carrier transport
= Detall please refer to 90nm nMOS breakdown example.

Synorsys
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Modify nMOS Template to pMOS

* SProcess: change to pMOS process condition
* SDE: change PLOY dopant type from N-type to P-type
* SDevice

= Change majority carrier from electron to hole and related
models. (Exchange e and h in input file in most cases.)

= Change bias condition

* Inspect: change device type and extraction region for
“Extraction library”

* Detalil please refer to 90nm pMOS example

SYNOPSYS
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SolvNet Introduction

SYNOPSYS

Predictable Success



Outline

* How to register a SolvNet account
* \What kind of TCAD resources we can find on SolvNet

= Software, Manual, Release Notes, TCAD Example updates

* Two advanced TCAD examples of the SolvNet
example library

= 2D Strained Silicon 45nm CMOS Reference Flow Demo
= 3D nMOSFET Demo

© 2007 Synopsys, Inc. (310) Syn[] PSVSQ
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SolvNet Website nttp://solvnet.synopsys.com/

%} Welcome to Solviet - Microsoft Internet Explorer ] 4|

File Edit View Favorites Tools Help |ﬁ'

OO % & ()] O i @ L G- JE B

Address @ https:ffsso.synopsys.comﬂdpfSSO?shire=htu:|s“}‘u3A“}‘u2F%?_Fsolvnet.synopsys.com%ZFShibboleﬂn.sso%ZFSAML%ZFPDST&timE=12[]?823022&13rget=cookie&providerld=Ij Go | Links

L]
synupsys SOLVNET HOME | CONTACT SOLVNET

Predictable Success

-

FIRST-TIME VISITORS
Welcome to SolvNet

Usar Name

SolvNet is your entry-point to: I

> Sign-up for an account

= Find out about support
> Support articles, documentation, and release notes. Password

= Contact SolvMet

= Download software updates and product license keys.

Forgot user name / password?

REGISTRATION HELP
= Open a support case.

> Help Documentation

By
=8
B i

= Create acgteise

Sign up for an Account!

Apply an account firstly

©2008 Synopsys, Inc. All Rights Reserved. EI

CONTACT SOLVNET | PRIVACY POLICY
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SolvNet Register

Address @ https: /fsolvnet, synopsys, com/ProcessReqistration j Go
Fe

SYNOPSYS' soivnet

New User Registration

Have you had a SolvNet Username before?
If Yes:

s | changed jobs and have new Site ID(s). Click here to login and modify your profile, including site ID
(s). company and email.

| changed my email address. Click here to login and modify your profile, including site 10(s),
company and email.

| forgot my username

| forgot my password

If No:

Register | T
S T B Mo

© 2007 Synopsys, Inc. (312) Syn[]PsySO
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SolvNet Register

Address @ https: /fsolvnet, synopsys, com/ProcessReqistration j Go
Fe

. =]
SYHUPSYS SolvNet

New User Registration

Your Corporate Email

Select a Username (minimum 4 characters; a-z(lowercase only), 0-3)

Select a Password I (minimum 4 characters; a-z, 0-9)
Re-enter Password |

M 1 am 18 or older.

By completing the registration fields and clicking on the "Submit” button, you are agreeing to the terms of
the Privacy Policy. For further information, please refer to our Privacy Policy. If you have any questions
about our Privacy Policy, please contact privacy@synopsys com.

Mext | Reset |

Reaistration Help LI

@ l_l_l_l_ré_hi Local intranet o
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SolvNet Register

Address

@ https: /fsolvnet, synopsys, com/ProcessReqistration j Go
Y

SYNOPSYS solvie:

New User Registration

Important: Please Read Before Registering

To access to all Synopsys Online Services, you must provide an Active Site |0 in the field below. These

senvices include:

* SolvMet Knowledge Base of self-help documents

* Online Product Documentation

* Smartkey License Retrieval

* Electronic Software Downloads

*ViewSupport and Support Case Tracker - view status of open support cases

Synopsys Site ID | Add Another Site |

You can find your site ID from your license file

[

l_ l_ l_ l_ ré_ |‘d Local intranet

v

© 2007 Synopsys, Inc. (314)
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SolvNet Register

Address @ https:/fsolvnet.synopsys, comjProcessRegistration j Go
. -
SY[I[]PSYS SolvNet
Performance. Productivity. Predictability. solvnet home | synopsys.com

New User Registration

Thank you for submitting your SolvNet registration. Your registration is not yet complete.

Since you are requesting access to confidential Synopsys information, we will need to verify vour site

information. You will receive an email asking you to confirm your email address. Please be sure to read and
act on that message.

Applicant will receive a confirmation letter

Registration Help

Copyright 2007. Synopsyz, Inc. All Rightz Reserved. - Terms of Use / Privacy Policy

[~
@ Done I_ I_ I_ I_ E |'d Local intranet o
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SolvNet HomePage

Address @ https:/fsalvnet.synopsys, com/ j Go Lirks
SynuFSYS‘ SOLVNET HOME | SYNOPSYS.COM | FEEDBACK | SITE MAP | HELP | SIGN OUT —
Predictable Success m an u al S Oftware & re | ease n Ote

Support Center Training Center My Profile

SolvNets

p——— browse a list of examples of each tool

SELECT TYPE RELATED LINKS

= Manage Cases

> Read more search tips

> Search IP = View STARs
search TCAD documents by keyword

= My Subscriptions

= My Products
WHAT'S NEW ON SOLVNET TECHNICAL NEWS AND EVENTS > Training Center
Download Center Enhancements Low Power Methodology Manual = ViewConnect
The SalvMet Download Center features a Download Your Free Copy T
redesigned interface that displays the latest Llpdat Traini
download information for your Synopsys SNUG 2008: e lrainin
products in a centralized location. Call for Papers - India | Boston | Europe | L What’s N 9
= Visit the Download Center Singapore earn at’s iNew

in 2007.12 — It's FREE

On Demand Training 2007.12

Review the latest On Demand Training modules
to learn about release enhancements to DFT,
Star RCXT, TetraMax, BSD Compiler, Design
Compiler, IC Compiler, NanoTime, PrimeTime,
PrimeTime P¥, and Power Compiler.

= Visit the Training Center

a | _P|LI
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