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Chapter 1: Starting the Sentaurus TCAD
Tutorials

Opening the tools in a webbrowser

Synopsys has on-line training that can be accessed from a web browser. There are a few typos
here and there, but it should be easy to follow. The tutorials are quite lengthy so give yourself
plenty of time to complete them. If you already know a TCAD tool and process engineering you
probably can reduce your completion time from the estimated completion time in half.

1.

2.

First log (ssh or vnc) in remotely or at a Unix station and star a terminal
Start a web browser (Figure 1).

Go to File... Open File (Figure 2).

Click on Filesystem in the left control area of Figure 3.

Click on apps in the right control area of Figure 3.

Click on apps, synopsys, TCAD, tcad, current, Example_Library, Sentaurus_Training
(Figure 4).

Double Click on main_menu.html (Figure 4).

The web browser should look like Figure 5. Bookmark the page by going to Bookmarks..
Book mark this page (Figure 6).




H eecad] - default - 55H Secure Shell

_{of x|
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Figure 1. Startinga Web Browser.

J Fedora Project, sponsored by Red Hat - Mozilla Firefox
ZIE8 Edit View Go Bookmarks Tools Help
New Window Ctrl+N

=10l x|

€9 file:///ust/share/doc/HTMLi | ¥| $BGo |[CL,

New Tab Ctr+T
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[ o [ ]

Print... Ctr+P

Figure 2: Open a file in a Web Browser.




J Open File x|
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w Filesystem B ——
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Dibin 01/31/06
' boot 04/11/06 || |
| Ddev 07/31/06
| etc Yesterday
= home Yesterday
Clib 11/18/05
Zlib64 11/19/05
Zlost+found 09/16/05
Oml 04/11/06 |[+]
W Add == Remove All Files |V
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Figure 3: Open a file (File system).
5I
@ Home apps H synepsys || TCAD || current || Example_Library H us_Training |
?D.eskmp — - |Mociﬁed [4]
-H Filesystem . SE) 10/06/05
= CD-ROM Drive B3 10/06/05
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L Ds6 10/06/05
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& main_menu.html 08/20/05 =
& Add | | = Remove m

‘ % Cancel || [y open |

Figure 4: Location of Sentaurus Training,
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File Edit View Go Bookmarks Teols Help

d - - é' @ ﬁ ||_| f\Ie.!ﬂapps!synupsys.ﬂ'CADhcad.i'currenrfExampIe_LibrarwSentaurus_Trainingp’mam_menu.ht|V‘ &8 Go |@, |

[ARed Hat, Inc. [ Red Hat Network OSupport (OShop [OProducts (OTraining

SYNoPSys

MAIN MENU

Sentaurus TCAD Training

Module Description

Done

Figure 5: Main Menu of Sentaurus Training.

J Sentaurus TCAD Training - Mozilla Firefox

File Edit View Go

Tools

Book{=ark This Page... Ctrl+D
Manage Bookmarks...

Help

cad/current/Example_Library/Sentaurus_Training/main_menu.ht | hd |

M Red Hat. Inc. TARed Products [ Training

Figure 6: Bookmark this page.




Doing the tutorials:

In order to understand this tutorial, you should do the following tutorials provided by Synopsys
1. Tool Overview

2. Sentaurus Workbench




Chapter 2. Simple example showing
how to simulate a bar of silicon

Donloacing the Exxcample File:

Make a directory in your home directory call Sentaurus. (Figure 1Figure 7)

[dparentBeecad3d ~1%
[dparentBescad3d ~1%
[dparentBeecad3d ~1% mkdir BopEchatE
[dparentBeecad3d ~1% cd sentaurus
[dparentleecad3d “/zentaurusz]$ JJ

Figure 7: Making a directory.

Using a web browser, download into your account the sample file:

www.engr.sjsu.edu/dparent/ee221/res bar.gzp

Download the file into your sentaurus directory (Figure 8 and Figure 9)

Start Sentaurus workbench by typing swh & at the command line (Figure 10).
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he EE221: PRINCIPLES OF SEMICONDUCTOR DEVICES | - Mozilla Firefox = [|B]%
File Edit View Go Bookmarks Tools Help .

Qzl - I:L\,'a v @ I:I @ |~.;. http://www.engr.sjsu.edu/~dparent/ee221/index.htm |V| © Go |@david parent |

[l Cent0S = Support

)

Resource Guide to Unix CAD Tools: |9 &
i ; b
http:/fwww.engr.sjsu. edu/dparent/|CGH P — —
= Look in: ‘...ponfh-ome!gradua:efdpammfsemaumg | Liﬁ' @ @ ‘
How to get a Unix account: Name '.—| Size | Last Modified | Eil
http://ecs-staff1.engr.sjsu. edu/cgi-bin/sg|
(You must be registered, and have paid
Wireless)).
Sentaurus tutorial (my version)
Tar file for Sentaurus tutorial
T File name: | res_bar.gzp |
Files of type: | All Files () ®
Generic Preferences for SWB | |
=B Show hidden files and directories | % Cancel ‘ ‘ GSave ‘
Sentaurus manuals
MOS Capacitor example in Sentaurus ||
-
http:/fwww.engr.sjsu.edu/~dparent/ee221/res_bar.gzp
Figure 8: Navagting to the sentaurus directory.
he EE221: PRINCIPLES OF SEMICONDUCTOR DEVICES | - Mozilla Firefox == E3
File Edit View Go Bookmarks Tools Help
<;§| 7 E:é’ = @ |;;.' @] |:u._i http:/fwww.engr.sjsu.edu/~dparent/ee221/index. htm |"’| © Go ||Q,david parent |
|| CentOS ) Support
% g i E -
Resource Guide to Unix CAD Tools: |9 (]
http:/fwww.engr. sjsu. edu/dparent/| CGH — =
= Look in: |...pon{?mmefgraduatefdpamm{sentaum?| ‘ liﬁ | | @ ‘ ‘ @ |
How to get a Unix account: Name r| Size | Last Modified | E'3|
http://ecs-staff1. engr.sjsu.edu/cgi-hin/s res_bar.gzp 80206 10/11/2007 02:07:11 PM
(You must be registered, and have paid
Wireless)).

Sentaurus tutorial (my version)
Tar file for Sentaurus tutorial

Tar File for SWE Sentaurus Tutorial fof  File name: | gpref_dparent.Z-2007.03] |
Files of type: | All Files (* *|

Generic Preferences for SWB

O Show hidden files and directories | # Cancel ‘ ‘ G Save |

Sentaurus manuals

MOS Capacitor example in Sentaurus

4]

Done

Figure 9: Saving as res_bat.gzp.
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eecad3B.engr.sjsu.edu:12 (dparent) Desktop E]@ E]\

[dparentBeecadZl ™A zentaurus 1%
[dparentBeecad3d “/zentaurusz]$
[drarentBeecad3l “Asentaurus 1%
[dparentleecad3d “/zentaurus]$ zub &f]

Figure 10: Starting Sentaurus Workbench.

After starting Sentaurus Workbench you should see the interface as in Figure 11.
Double left click on res_bar.gzip to unpack the sample files you will need for this example (Figure 11).

You should see a pop-up (Figure 13), select unpack.

untitled - SWB @ eecad38.engr.sjsu.edu vZ-2007.03 E]@@

Project Edit Scheduler  ¥iew Scenario Tool Parameter  Experiments MNodes  Variables  Oplimization
Calibration Extensions Help

O & B & @ }ﬁl £ B pm a;-_.lScenariD:lall jl_ym S

Projects ;_IJ Project l Scheduler ]

D ra|
| L—e3) res_bar.gzp £
B fappsssynopsysTCaDAcad/cun =

Bipolar

% Cpt],qos Mo Tools Mo WVariahles
B[] GettingStarted
(] Hetero
B—(_] Memory
B Opto

B[ Powver /

Mo project. Create or open a |n0ne |queued |ready |pending |running |d0ne --[ virtual |pruned -

Figure 11: Sentaurus Workbench.

Another pop-up will appear, click twice to save the file (Figure 13). Note: /dparent is my
directory, your directory will automatically by entered in.

If done propetly you should see the project loaded into the SWB interface (Figure 14).

Table 1 shows what each parameter means (W, H, MGSX, MGSY, NA).
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v untitled - SWB @ eecad38.engr.sjsu.edu vZ-2007.03 =B *

Project  Edit  Scheduler  Miew Scenario Tool  Parameter  Experiments  Modes  Yariables  Optimization

Calibration  Estensions  Help

O @ koo @ 2 | 4 B = Scenarin:lall - [ e
Projects .| Project ] Scheduler |
B thomesdparent'sentaurus  — I
| L3 RS ] [x] ]
M =
51O fappsf,'}:nupsyszCADm:a The file shomesdparent’'sentaurus/res_bar.gzp
(] Bipolar appears to be a packaged SWB project. e At e
B CMOS SWE can unpack it into a temparary directory
B GettingStarted ar save it into & new project directary.
] Hetero
B Memory
B[] Opto
(] Power Unpack | Save A5 | Cancel | /
-
Mo project. Create or open a inune |queued |ready |pending |running |d0ne --|- wirtual |pru

Figure 12: Click on Unpack.

Save Project As @
Lirectory: ‘homesdparent’sentaurus — |
-l |
Selection: |fh0mefdparent.-’sentaurus.-’res_bar | oK |

Cancel |

Figure 13:. Click OK twice.

] /home/dparent/sentaurus/res_bar,- SWB®@eecad38.engr.sjsu.edu vZ 2007.03 E]E]&]

Project Edit Scheduler ¥iew Scenario Tool Parameter Experiments [Nodes ‘Wariables Optimization Calibration  Estensions  Help

D& H ¢ @ x| B« | scenario:[an v m e E@ w0l % @e & 8 B B E

Frojects . Project | scheduler |
BH-(C] homeddparent'sentaurus _—
| @ res_bargzp Family Tree A
| ==
B0 fappsisynopsys/TC ADMAcad/curn
B Bipolar
B CMOS A TATSSE| =
; 11l Sani :
B[] GeftingStarted
[ Hatero W H MGS K MGSY MA
B Memary 1 = 10 10 10 10 1e19 - —
B—(1 Opto
B Power
/
— K | P
Read only mode none |queued ready |pending |rurming done --|— wirtual [pruned -

Figure 14: The resistor bar project is loaded.
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Table 1: Parameter Names and Meanings.

Parameter Meaning

Name

\4 Width of the Silicon Bar. Note: Current flows from top to bottom so the
larger the width, the more current can flow.

H Height of the silicon Bar. Note: Current flows from top to bottom so the
larger the Height, the less current can flow.

MGSX Maximum Grid Spacing in the X direction. How many grids along the
width.

MGSY Maximum Grid Spacing in the Y direction. How many grids along the
Height.

NA Substrate doping of the p-Substrate.
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To see/edit the Sentaurus Structure Editor commands on the SWB interface, left click on the
Sentaurus Structure Editor Icon and go to Edit Input... Commands (Figure 15). You should see
the code in Figure 16.

To see/edit the Sentaurus Device commands on the SWB interface, left click on the Sentaurus
Device Icon and go to Edit Input... Commands (Figure 17). You should see the code in Figure
18.

To see/edit the Inspect commands on the SWB interface, left click on the Inspect Icon and go to
Edit Input... Commands (Figure 19). You should see the code in Figure 20.

Do not edit anything at this time!

Project | Scheduler

Family Tree

. x EAd M
— — 1o 110 Propetties... 0 e
Edit Input I
-
N All DE Tools... Copmands...
Tool DB Infa... Grid file...
none lﬁ Boundary file...

Figure 15: Showing Sentaurus Structure Editor commands.

5 /homejdparent/sentaurus/res_bar/sde_dvs.cmd - sedit

FEile Edit Fommat Setings Help

(sdegeo:create-rectangle (position 0 0 0.0 ) (position @W&@ @H@ 0.0 ) "Silicon" "region_1" ) i
(sdegeo:define-contact-set "top" 4 (color:irgh 1 0 0 ) "##" )

(sdegeo:define-contact-set "bottom" 4 (color:rgh 4 1 0 ) "#" )

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

(sdegeo:define-2d-contact (list (car (find-edge-id (position 0.5 0 01)31) "top")
{sdegeo:set-current-contact-set "bottom")

{sdegeo:define-2d-contact (list (car (find-edge-id (position 0.5 @H@ 0)))) "bottom")
(sdedr:define-constant-profile "ConstantProfileDefinition_1" "BoronActiveConcentration" @NAD)
(sdedr:define-constant-profile-region "ConstantProfilePlacement_1" "ConstantProfileDefinition_1" "region_1"}
(sdedr:define-refinement-size "RefinementDefinition_1" @MGSX@ @MGSY@ .01 .01 )
(sdedr:define-refinement-region "RefinementPlacement_1" "RefinementDefinition_1" "regiom_1" )
(sdedr:append-cmd—-file "")

(sde:build-mesh "mesh" "-F tdr " "n@node@")

J e

Figure 16: Commands for Sentaurus Structure Editor.
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ly Trae | Variable Yalues
E;j‘ ) T Mo Wariahles
TN

e Propeties..

- Editinput r Commands. . |
T < Parameter... I
all DB Tools... Linear Solvers.. |

Toal DB Info... Include Parameter File...

Figure 17: Showing Sentaurus Device commands.

(home/dparent/sentaurus/res_bar/sdevice_des.cmd - sedit

File Edit Format 3Settings Help

BCIE)

| ¢
set SIGN 1.0

set EOMS "Poisson Electron"
il
File {

* input files:

Grid= "@tdr@d"

Parameter="@parameterd"
* output files:
Plot= "@tdrdat@"
Current="@plotd"
Output= "@log@"

¥

Electrode {
£ Name="top" Voltage=-2.0 b
{ Mame="hottom" Yoltage=0.0 T

¥
Fhysics{

EffectivelntrinsicDensity({ 0ldSlothoom )
¥

Physics(Material="5Silicon"){
MLDA
Mobilityl
Phutaob

Figure 18: Commands for Sentaurus Device.
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hles

Properties...

Edit Input

r Commands...

< Prdterences...

Figure 19: Showing commands for Inspect.

Jhome/dparent/sentaurus/res_bar/inspect_ins.cmd - sedit

Eile Edit Format Seftings Help

H#set Rave x
set N @node@
set 1 @node : index@
set ID "nMOS"

set Type "nHOS"

#— Automatic alternating color assignment tied to node index
4

#

set COLORS [list green blue red orange magents wiolet brownl
set NMCOLORS [1length $COLORS]
set color [lindex $COLORS [expr $1%ENCOLORSI]

#- INSPECT IdVg plotting

i

#

# Plotting Id ws Vg curwves
or_setTitlefAttr "sssss"

proj_load IdVg_@plot® PLT{SN)

cv_createDS IdWg(EN)
"PLT($MN) top OuterWoltage" "PLT($N) top TotalCurrent' y

cv_setCurvefttr IdWg(EM) "Idvg SID" ™
fcolor solid 2 none 3 defcolor 1 defcolor —

or_setAxisAttr ¥ {Gate Yoltage (W)X 16 {} {} black 1 14 0 5 O
or_setAxisAttr ¥  {Drain Current (Asum)> 16 {3} {I hlack 1 14 0 5 1

#— Extraction /

Figure 20: Inspect Commands.
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To Run the project, first unlock it (Figure 21).

The in the SWB go to Project. ..Project Operations. .. Run.. (Figure 22).

You should see a pop-up (Figure 23), select ok.

After some time you should be able to see the results (Figure 24).

_. fhome/dp
Ernjectl Edit  Scheduler Miew Scenario  Too
R [=3 -
Dpen -
iClose Ctrl+F4
Save Cirl+3
Save As..

Save Clean As...

Save Selected Experiments &s..

Save Selected Experiments Clean As..
[ Pre-Sentaurus Save Mode

RFeload Ctrl+D

Export (tan...
Impoart itar...

= Project Dperations -

! Readme
i Logs -

File Browser... F11
o Clean Up... Ctrl+L

innck“ﬂ Crl+k

Figure 21: Unlocking the project.

18



Erujectlgdit Scheduler  Miew

ey

Open
Close

fhome/dparent/sentaurus/res_bar - SWH

Scenaric Tool Parameter Experiments Mo

- Scenarinzlall

-

t ] Scheduler |
Ctrl+F4

Save
Save As..
Save Clean As...

Save Selected Experiments &s..

Save selected Experiments Clean As..

[T Pre-Sentaurus Save Mode

Family T

Ctrl+35

Reload

Ctrl+D

Export (tan...
Impoart itar)...

- Project Qperations

r Preprocess Cirl+P

i Readme
Logs

Figure 22: Running the project.

u] Run Project /

Freprocess Tcl Blocks  Ctrl+B
Biyn.. Cirl+R

o — |

INndes |remaining

# Clueue Illncal:default

~r Uze Glueues = |

Erecution Time |

Cancel |

_an |

Figure 23:Setting the Queue to use for the project.
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Family Tree ‘ariable Yalue
GRS oL |
| W | H | mMEsx | mMGEY | NA Rave
1 -- | 10 | 10 | 1o | 1o REE = -- B.611e+01

Figure 24: Results of one run of the project.

To be able to see the 2-D cross sections down load the following file into your Sentaurus
directory:

http:/ /www.enet.sisu.edu/dparent/ee221 /opref dparent.Z-2007.03

Go to Edit ...User preferences to verify all tech plot commands are of the type techplot_sv —
mesa (Figure 25). An example is in Figure 26.

Project Edit| Scheduler Miew Scenar
N = Undo Cirl+ 2
m Command Prompt Here...
[T]-i__[:'@g Cut Crl+
| L[E] Copy Ctrl+C
BrEl /% pasts Clrl+y
B
[:I Delete Del
B
B(E3 Stop Loading Esc
B
% Attach Roat..
Detach Root
Taool DB -
Ilzer Preferences... y F1&

Figure 25: User Preferences.
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SWE Preferences

| Entry Type | Entry Value r
Binaries
editar
tool
1
acdat File tecplot_sv -mesa
boundary File sde
boundary2 File tecplot_sv -mesa
dat File tecplot_sv -mesa
dmp/dios File wterm -e fapps/synopsysTCADMRIn/dios
grid File tecplot_sv -mesa
ivlinspect File inspect
ivltecplot File tecplot_sv -mesa
log File sedit
Iyt File prolyt
package File tecplot_sv -isemno_ise_reader
pltinspect File inspect
plttecplot File tecplot_sv -mesa
pl=inspect File inspect
pl=tecplot File tecplot_sv -mesa —
sav File inspect
teiftecplat File tecplot_sv -mesa
tdrinspect File inspect
ot File o=
trtecplat File tecplot_sv -mesa
et File sedit
titecplot File tecplot_sv -mesa

Figure 26: Set all Tech_plot to tecplot_sv -mesa

To view the structure created by Sentaurus Structure Editor, left click on the 1e19 node and select
tecplot SV (Figure 27). The results appear in Figure 28.

MA |
— I —

aelect -
" Estend Selection Ta -~
L Deselect all Esc B
e Prune Cirl+E
| Unprune Ctrl+U
: Set Yariable Walue... __
—— | | 1 i

_ Misualize )l Text Files (SEdi)
L Wiew Cutput. Cirl+'W All Log Files (SEdit)
——— Clean Up Mode Output...  Del sl |

tdr Files r
Tezplot 5%
— Tgmoisy |

_ Preprocess Modes dat Files (T.ecplnt 3] Irspect
- Run... Cirl+R trans®.dat Files (Tecplot 34 Ta

Lo al il -

Figure 27: Viewing with tecplot_sv -mesa.
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File  Edit  View

3

Frame  Axis  Plot

EEERE
EINE: R
EIE=EN
AlAD O

BoronActiveConcentral (=

o I |

[}1 2+19 E—1e+‘| g :

a2 JHREET

Caontact

Silican J

Data

Tecplot

slicer

Ol 0l_mEndd . geomehy D, slale O

G

Y [um]

B 10
X [um]

D @ng Cancantrghgn jem®-3]
19
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Figure 28: SDE results.

To view the electrical results right click on the SDevice node and go to Visualize, plt. Files...
Inspect ans in XX.. Ispect should appear as in ..

To plot the results click on the node IDVG_n10_des , then top, then OuterVoltage as in Figure

30, and then click X-axis. Repeat for Total current but click n Y axis (Figure 31). The results
should appear as in Figure 32.




o
SauEIEY

Rave

—

aelect

2211A~.01

a
Extend Selection To -
' Deselect all Esc
 Prune Ctrl+E
~ Unprune Cirl+L

: aet Wariable Walue...

' Yisualize
 Wiew Output...
Clean Up Mode Output...

I &)l Text Files (SEdify
C¥ sl Lag Files (sEdit
tdr Files

el

Freprocess MNodes
Bun...

Ctrl+R

Quick Run...

Ahart
Lock
nlock,

Cirl+T

Fropetties...
Tool DE Info...

Figure 29: Plotting Results from SDevice with Inspect.

.dat Files (Tecplot 51

trans®.dat Files (Tecplot 54)

Jnd Files
grd Files (Tecplot 5V
Jit Files

Ayt Files (Ligament Layout Editar)
Jpk Files (Tecpot 54

Jil= Files

Adf Files (Tecplot 54

Aif Files (Tecplat 54)

Ayl Files

.zay Files (Inspect)
dmp Files (Diog)

s
G

" Tecplat 5v
Inzpect
A
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File Edit Curve Script Exensions Help
Egv[aanix@E wwmmn a5V
 Dataset: _ ]
D: cun f s
ni0_des 7
06—
time: :
hottem 06 -
Inneryaltagek = 04—
DisplacementCurren B
ecurrent q
hZurrent A
TotalCurrent J 4
| 0.2+
To X-Axis | e | A
To Left ¥-Axis | Edit | 7
04— T T T
0z 04 06 [iki} 7
To Right ‘- Axis | Delete. |
|Nu dala selected for X-Axis |>( =-0.0835381 Y = 00677201
Figure 30: Setting X-Axis.
[=)51*]
Eile Edit Curve Script Edensions  Help
EgclaarnixEE/swnnl a3V
_ Dataset _ -
D cur | B
0.8+
time i
bottom 064
Outeroltage L b
Innervaltage 04
DisplacementCurren b
eCurrent B
hCurrent B
02+
To X-Axis | New. | B
To Left ¥-fxis | Edit. | 7
T T T
To Right Y-Axis | Delete.. | - - — —
‘Sa\ected set for X-Axis - ldWg_n10_des m”x =-0.0663391 Y= 0379233

Figure 31: Setting Y-Axis
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Inspect@eecad10.engr.sjsu.edu vZ-2007.03 E]@@

Eile Edit Curve BScript Exensions Help
R RN S N I e e
—Datazet: —Cur 7
I TotalCurrent_top 0.0z 4 \w‘ o
ni0_des |
0.01 4
fime _
bottom 7
i
Outervoltage 7] 1
Inneryoltage i
DisplacementCurren 7
eCurrent b
hCurrent -0.01 4
To ¥-fixis | New | :
0.02
To Left Y-Axis | Edit... | i
L e e L I e
To Right ¥-Axis | Delete | - B g !

[ [# = -0.0382601 V¥ = 0.013544

Figure 32: Electrical Results for a Bar of Silicon.

To see the affect on simulation time a accuracy of results change the variables MGSX and MGSY
variables to .1 as in Figure 33 to Figure 36. Your SWB interface should look like Figure 37.

MGEH PAGEY

10 10

K

Figure 33: Changing MGSX to .1um.
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. Node 5 Info

—Mode Properties

(]

FHode |5 Locked: no

Mode: ]

Tool: =]

Step: 3

Farameter: hAGE

Value: 1 |
Status: g none -

—Farameters From Prewious Steps

W=10
H=10
MG5H=1

~|

(0] | Cancel

Figure 34: Change value of MGSX.

| MGSX | MGSY

|

Figure 35: MGSY to .lum.
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[P 11

—Mode Properties

, Node 6 Info E]

Mode: G

Tool: z(e

Step: 4

Farameter: MGESY

Yalue: | |
Status: none |

Mode 15 Locked: no

—Farameters From Previous Steps

=10
H=10
MGEH=1
MMGEY =10

~

Figure 36: Change value of MGSY.
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MGSY | MA
1 1

Select -
Extend Selection To -
Deselect all Esc

Frune Cirl+E
Unprune Cirl+L

Set Variable Yalue. .

Misualize -
Wiew COutput... Cirl+
Clean Up Mode Cutput...  Del

Freprocess Modes
Run... Ctri+R |

|nnnn |ﬂ||n||nr\l L TR T AL T ——

Figure 37: Rerun the project.

To rerun the project node click on the node and select run (Figure 37). Click yes to save the
project (Figure 38). When complete use tecplot to view the results. When tecplot appears click
on the grid icon and you should get the results shown in Figure 39.

[*]

@ The project has been modified. Do you want to save
ity

Figure 38: Saving Project.
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Frame  Axis  Plot  Data  Slicer Help

21: n1_rnshtdr : geornetry 0 : state 0
=
z
0
BoronActiveConcentra
DopingCancentration [¢
2
L 1e+19 —_ -
) EEE | §
Contact —
silicon &
N @) /O 8
(118 €487
& [ &
Qﬁ ﬁ 10 T T T I T T T
%& @ ﬂ 0 z 4 B X [urn] 8 10 D_d)@[:gé?;ﬂgﬂirahon[cm"-S}
| H=-2.61511637 | Y¥=+6.13964025

Figure 39: Results of finer grid.

To view the run time statistics, click on the proper node in the SDevice column, and goto view
output (Figure 40). You should see the start of your project (Figure 41), and the end (Figure 42).

Note, even though the project took significantly longer to run the results are the same
(Figure 43)! Why????

@ ‘
J:']JIJJ@ Jn;gﬁ

Rawe
n A

Select

Extend Selection To

Deselect all Eszc
Yisualize

Wiew Oufput.. Clrl+W

Figure 40: Viewing the SDevcie run time.

29



Node 'n7' Output
fhomeddparent’sentaurus/res_barn7_des.out

k

Jacobian time: 0.0z =

Solve tims: 6.84 =
Total time: 8.37 =
contact wvoltage electron current hole current conduction current
op 0 _000E+00 -5 _499E-33 1.159E+00 1_159E+00
bottom - 3.000E+00 4. 236E-13 -1.153E+00 -1.153E+00

Starting =solve of next problem:

Coupled i Digite : §, Max. #iteration= :@ 15,
Solwver @ blocked decomposition,
#undamped iteraticm= : 50 )

{ Poizson Electron Hole }

Computing Coupled! 1 poizzom-equaticniz) . 1 electron-eguaticni=)
hole-equaticni=z) )
uzing Bank RFoze nonlinear solver.

Iteraticn |Eh= | Eactor |=tep| error #inner #iterative time
o 3.8le+l0 0_86
1 5.05=+10 1.00=+00 2.02=+01 d.232+05 u} 1 14.12
2 1._84=+10 1._00=+00 5 _43=+01 T.49=+04 o 1 27 .09

‘homesdparentsentaurusires_barn?_des.ert

Figure 41: Sdevice starts.

Finizhed, becauss...
Error =smaller than 1 { 1.9208%=-10 .

Accumilated times:

Eh=z tims: 2.24 =

Jacobian time: 0.29 =

Solve time=: 11.50 =

Total time: 14.07 =

contact woltage electron current hole current conduction current
op 2 _000E+00 3 _56AE-18 Z_.Z270E-02 Z_.Z270E-02
bottom 0.000E+00 -3.5656E-18 -Z.EZTOE-0Z -Z.ZTOE-0Z

Finizshed, because of...

Curve trace finished.

Writing plot ‘nli des  tdr® (TOR format)] ... dome.

R R B R E AR

Sentauruz Device procesz zize: 176 megakytes
Sentaurus Device similaticn times:
wallelock: T22.76 = (0 h:lZ m:03 =)
total cpu: 623.14 = (0 h:ll m:=23 =)
Sentauruzr Device zimilaticn Einizshed (Date: Thu Oct 11 16:14:01 2007  (FOT) ) .

e A e = B A A

Figure 42: Run statistics for Sdevcie.

e |

I a;;.l,
- g.811e+01

Figure 43: No change in results!

Rave
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To make a series of experiments you need to add values to the variable columns. For example we
wish to see how resistance of the bar charges with doping levels from 10'‘cm” to from 10"”cm™.

First change the 1e19 node to 1el4 as in Figure 44. Ad values by clicking on NA, and going to
Add Values (Figure 45). Fill out the pop-up according to Figure 46. The SWB manager should
look like Figure 47. Change the MGSX, and MGSY back to 10 and you should be ready to
simulate (Figure 48).

Before you can run the project you need to “clean it up”. In the SWB manager go to Project
Cleanup (Figure 49), and click OK on the pop-up (Figure 50), your SWB manager should look
like Figure 51. Run the project and you should see the results as in Figure 52.

Node 9 Info E]_
—Mode Properties V200705
Mode: q alibration  Extensic
Tool: sde -3 ﬂl q. é
Step: 3
Farameter: &
Value: 1eld |
Status: done M
Date: 16:00:50 Oct 11 2007
Host: eecadl0.engr.sjsu.edu
Arg: 4 Y| M
Mode |s Locked: no | Tl

Figure 44: Editing a variable.

=

SEANIS SF
MGSH MGSY Py | '
] 10 10 - S ne
Delete... el
Properties...
_.ﬁ.q‘rl Walues...

Figure 45: Adding experimental values.
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. Add Parameter, Values E]

Scenatio: all -

Parameter: M j

Min. Walue: [1e19 A

Step: P1IZI

Murmber of Walues: |5 ill
~- Lin 4 Log

Format: I
- &dd values to selected experimeants only

A

ok |

appy |

cancel |

Figure 46: Add 5 values at powers of 10 doping levels.

MGSY

&

Rave

10

10

lel4

8.611e+01

1815

1e+16

le+17

Te+1d

1e+18

Figure 47: Experiments almost all set up.

H

hAGES

RGSY

I8

Rawve

10

10

1e14

8.617e+01

1e1a

le+16

le+17

1e+18

1e+18

Figure 48: Change MGSX and MGSY back to 10.
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Erujectlgdit acheduler  Wiew

ey
Qpen
Close

SCenario

-

-

Cirl+F4

Save
Save A5
Save Clean As..

Ctrl+5

Save Selected Experiments As...

Save Selected Experiments Clean As...

[~ Pre-Sentaurus Save Mode

Reload

Ctrl+[D

E=poart (tary...
Import (tar...

Froject Operations

Feadme
Logs

File Browser...

b Clean Up... 4

F11
Ctri+L

Tool

Figure 49: Cleanup project.

-

— FPreprocessor Data—

@ Preprocessed files
W Set wvariables

Cleanup Options
—aimulation Diata

W Cutput files
W Extracted wariahles

—Froject Data

&

[ Clean up the tree

_| Renumhber the tree
_| Free the undo stack
| Log files

| Froject gueues

[ Project summary

Cancel

Figure 50: Clean up results.
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W H PAGE X PAGEY P&
1e14 . =
115 . =
Te+16 . =
- 10 10 10 10
Te+17 . =
Te+1i = =
1e+13 - -
Figure 51: Project ready to run.

W H PGSR MGSY HA Rave
1e14 == == 1.331e+06
1e15 = = 1.3571e+05
1e+16 == == 1.454e+04

- 1o 1o e 1 Ta+17 -- - 1.9668+03
le+18d == == 4.053e+02
1e+13 = = g.811e+01

Figure 52: Results.

Once can cut and past the doping levels and R values into open office.Calc(Figure 53). One can
plot the results as in (Figure 54). What is the kink in R at the doping level of 10"cm™?

Actions
@ Accessories
@ Graphics *
@ Internet *
,:'C; Office L ',’ Address Manager

@ Preferences * |g-| Dia Diagrams
ﬁ Programming

[13) Sound & Video
Q System Settings ¥ @ OpenOfficd Spreadsheet

Figure 53: Opening Open Office Calc
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Resistance vs. Substrate Doping for a P-Type
Bar of Sllicon 10 microns wide by 10 microns deep

6.5
6§ ==

\\
5 T
45 T
4 T~
3.5 \
3 e
2.5 e
—

2 T

5.5

LOG10 (Resistance)

1.5 T T T T T T T T T 1
14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19

LOG10(Substrate Doping)

Figure 54: Results of varying the doping levels of a Silicon Bar.

In order to run another one parameter experiment we need to delete the values for NA. To do
this, click on NA and delete it (Figure 55). You can keep the suggested value in pop up Figure 56.

Add NA back this time with a value of 10°cm” (Figure 57). Your SWB manager should look like
Figure 58.

To vary H, the height of the bar of silicon, click on H and add the values according to pop up
Figure 59. Your SWB manager should look like Figure 60. Cleanup the project and re-run it.
You should get results like Figure 61.

415
Js‘]]'JJLE Jn_.,ui_,
W H |MGS}{|MGS
- R
" 1e Delete.. Del

1e+ ‘Properies...
Te+
le+ Add Malues .

1+ Edit Values..

- 1o{1o) 10 10

Figure 55: Deleting a variable.

35



"

Delete Parameter

Parameter:  [M&

Keep Value: [1e14

Figure 56: Slecting which vlaue to keep.

Add Parameter

a

Farameter; [ &

Default value: [1e1 | [Mew parameter name

~ Before Selected Step
& After Selected Step

i Cancel

Figure 57: Adding the paramter back.

| i | H | MGSX MGSY M
- 10 | 1o |10 10 1816 |

Figure 58: NA added back.
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[v] Add Parameter Values

Scenario: all j
Parameter: H j
Min. Value: |10 M
Step: 10
Mumber of Yalues: [10] =
&} Lin - Log
Fortnat: | j

2 Add values to selected experiments anly

ok | appy |

Cancel |

Figure 59: Adding vlaues to the H.

<

1 H MGSH MGSY M Rave

10 10 10 1e16 -- - 1.612e+08
20 10 10 1216 - -
a0 10 10 1216 - -
40 10 10 1216 - -
50 10 10 1216 - -

B 10 B0 10 10 1216 - -
70 10 10 1216 - -
g0 10 10 1216 - -
a0 10 10 1216 - -
100 10 10 1816 - -

Figure 60: Varying H in the SWB manager.
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SRS SE |
W H MGSH MGSY M Rave
10 10 10 1e16 = = 1.9248+04
z0 10 10 1216 — — 3.306e+04
30 10 10 1e16 = = 4 725e+04
40 10 10 1e16 = = B.156a+04
50 10 10 1816 — — 7 5948+04
- 1t B0 10 10 1816 = = 9.035e+04
70 10 10 1e16 = = 1.0468+05
B0 10 10 1e16 = = 1.1928+05
50 10 10 1216 = = 1.3378+05
100 10 10 1e16 = = 1.4828+05

Figure 61: Results of Varying H.

Looking a Figure 62it seems the R is linear with H (Note: the current flow in from top to bottom

of this structure so in the case L=H Since R=p x L. / Area). This makes sense according to the
equation but what about the mobility reduction to velocity saturation? If we edit the SDevice
command file we see Figure 63, with no mobility flag for this effect. Add the effect in by
changing the SDevice command file to HighFieldSaturation Figure 64.

After editing the command file select the nodes and preprocess them to update the changes in the
command file (Figure 66). Select the nodes again and run. This will only run Sdevcie and Nspect.
The structures re the same so do not re-run them. This saves quite a bit of time.

You should get the results as shown in Figure 65 . Note that if you plot it out against the last run
there is not much difference, why? Hint: Try running the simulation with H from 1 to 10 in steps
of ten. Make sure to change MGSY to 1 (Figure 67)! Note you will not see much difference in R
as in the way it is extracted. Look at the plots of current to see what is going on.
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Figure 62: R. Vs H.

T
Fhysics{

EffectivelntrinsicDensity( O0ldSlothoom )
T

Physics(Material="5%ilicon"){
MLDA
Mobility!(
FhuMokb

Figure 63: Physics statement.

FhysicsiMaterial="5ilicon"){
MLDA
Mobility(
FhuMob
HighFieldSaturatiDn

)

Figure 64: HighFieldSaturation Flag.
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Figure 65: Results with High Field Mobility.
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1.454e+04
2.908e+04
4.362e+04
0.816e+04
T.270e+04
g.724e+04

aelect -
Extend Selection To -
Deselect all Esc
Prune Cirl+E
— Unprune Cirl+L

dane set variable Yalue..

Yisualize -
Wiews Output.. Cirl+
Clean Up Mode Output...  Del

Freprocess MNodes

Figure 66: Preprocess Nodes.
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BENalISSE| Saui,u%
W H MGSH MGSY MA

1 10 1 1216 -

z 10 ) 1e16 =
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4 10 1 1616 -
3 10 5 10 1 1616 -

B 10 1 1616 -

7 10 1 1616 -

g 10 1 1616 -

3 10 1 1616 -

10 10 1 1616 -

Figure 67: New Experiment H=1-10um, and MSGY=1um.
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