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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).
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Figure 1. Startinga Web Browser.
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Figure 2: Open a file in a Web Browser.
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Figure 3: Open a file (Filesystem).
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Figure 4: Location of Sentaurus Training,
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Figure 5: Main Menu of Sentaurus Training.
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Figure 6: Bookmark this page.




Doing the tutorials:

I recommend doing the tutorials slightly out of order. You should probably do chapter 2 first if
you hav enver seen TCAD before. Sentaurus Work bench is great but for novices it is at too high
a level to understand why you are doing what you are doing, and what a time saver it is. D o the
tutorials in this order:

1. Tool Overview

2. Ligament

3. Sentaurs Process

4. Sentaurus Structure editor

5. Sentaurus Device

6. Inspect

7. Techplot SV (‘use tecplot_sv —mesa on our machines).

8. Sentaurus Workbench

9. TCL

10. Noffse3D




Chapter 2. Simple Example Showing
Howv Ligedit, Sentaurus Process,
Sentaurus Structure Editor, Sentaurus
Device, Tecplot, and Inspect work

Diode Exxcarmple:

We will simulate the fabrication steps and electrical charactetistics of a simple N+ /P diode using a
P substrate and an diffused N+ layer.

It is easier to keep all the files for a project inside a directory inside a directory called sentaurus

(Figure 7).
1. $ mkdir sentaurus
2. § cd sentaurus
3. $ mkdir diode
4, $ cd diode

5. $pwd

10



[~ (=== T
File Edit View Terminal Tabs Help

[dparent@eecad40 ~]%

[dparenti@eecad40 ~]% mkdir sentaurus
[dparent@eecad40 ~]1F cd sentaurus
[dparent@eecad40 ~/sentaurus]$ mkdir diode
[dparent@eecad40 ~/sentaurus]$ cd diode
[dparenti@eecad40 diodel$ pwd
Jexport/home/graduate/dparent/sentaurus,/diode
[dparent@eecad40 diode]l$

[*]

]

Figure 7: Creating a Project Directory.

Crreating L ayers and shape with s Prolit Mask 1 ayer editor:

We are going to first draw the Mask View of the Diode.

1. Type prolyt & at the command line.

[z.t Terminal
File Edit View Terminal Tabs Help

[dparent@eecad4l ~]% cd sentaurus
[dparent@eecad40 ~/sentaurus]$ mkdir diode
[dparent@eecad40 ~/sentaurus]$ cd diode
[dparent@eecad40 diodeld pwd
Jexport/home/graduate/dparent/sentaurus,/diode
[dparent@eecad40 diodel?$ prolyt &

Figure 8: Starting prolyt.

2. Click OK on the Layout dimensions pop-up that is in front of the Layout editor (Figure
9).

3. 'There are three layers we are interested in the NDIFF layer, which will be used to
selectively dope the p-substrate n-type, the CC layer wich will be a via connecting the
Metall layer to the substrate through an oxide layer, and the Al metal Layer M1. We have
to add these three layers to the editor.

a. Double click on the layer INIT on the left hand side or the editor, a pop-up
should appear (Figure 10).

b. In the Edit Layers pop-up change the name of INIT to NDIFF (Figure 11), and
the color of NDIFF to green (Figure 12). Click on Modify to update your
changes (Figure 12).

c. In the Edit Layers pop-up change the name of NDIFF (Figure 13) to CC, and
the color of Black to green (Figure 14). Click on NEW to update your changes
(Figure 12). Repeat this for the M1 layer to be blue.

11



untitled - Ligament Layout Editor® eecad40.engr.sjsu.edu vY-2006.06 E] @ @

File Edit View Layer 3IM Regions Contacts Regions Transformation Help

DEHsm@c(h|aer|ga(dad =i T+ikealzs
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~ Layout T w
~ TCAD L
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Grid 0.1 um

| ] ! Do Mot Recalculate on Save

Figure 9: Starting the Layout Editor.

il untitled - Ligament Layout Editor® ee«
File Edit Miew Lawver SIM Regions Contacts Begions Transformation H
D E s 2a-[h/aas[ga/iidid =4 T
—Mode ———— | e e e e e e e S B B S B == =

& Layout

~ 1CAD
—Layers ——— -

B R e B e e

Edit Layers E]
- || —Froperties
Name  |INIT |
Pattern |stipp|e1 -

Figure 10: Editing Layers.




(=]

Edit Layers
- || —Properties
Mame  |NDIFF |

mpoEmOl
Figure 11: Changing the Layer name to NDIFF.
[+] Edit Layers
—Layers ! —Properties
IMIT Mame W |v|
Pattern |stipp|e1 |
I e hAodify | Delete
K

Figure 12: Changing the Color of the NDIFF Layer.
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2 Edit Layers [*]

— Properties

—Layers

MDIFF Matme E &

Pattern |stipp|e1 -

NE\‘: | kadify | Delete |

Ok | Cancel |
Figure 13: Adding a Contact or Via Layer (CC).
u] Edit Layers &]
—Layers—— || —Properties
ce Name ﬁ A
MDIFF
Fattern |stipp|e1 M
Mew | rodify | Delete |
Ok | Cancel |

Figure 14: Results of adding the CC Layer.
4. Your Layout editor should look like Figure 15.

5. To add an area of NDIFF click on NDIFF in the selection area and click on the add a
new rectangle icon (Figure 10).
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6. Draw a rectangle of any shape or size in the editor window (Figure 10).

7. To edit the coordinates click on the select an existing object icon (Figure 17), and then
double click on the rectangle you wish to edit (Figure 17).

fexport/home/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@ eec

File Edit Wiew Layer 3SIM Regions Contacts Regions Transformation Help

DEE s haarBaaedE =i T+i+4(185

_MDdE—_|J I T T B e B e e e e e B e e e R N N R
# Layout
e 1CAD
—Layers—— | L

CC
R 5
MOIFF =

Figure 15: View of the Layout Editor with all three layers.

' fexportthome/graduate/dparent/sentaurus/diode/diode.cif - Ligams

File Edit ¥iew Layver 5lM Regions Contacts Regions Transformation  Help

DE-EI[&BI-&MH@\@\&[FE[;M@[ _______ S
— hdode

# Layout
« TCAD
—Layers ——— | -

e -uMdanewrectanglet-:uthelayerh- —

T cc >
F1 mi 5
1 MDIFF -

Figure 16: Drawing rectangle.
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fexport/home/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@® eecad40.eng

File Edit Miew Layer SIk Regions Contacts Regions Transformation  Help

D E sBR|(haas B84 THL+1BS
rfnde |_i_|—-'I""Ml'|'I'I'I'I'|'I'I'I'I'|'I'I'I'I'|'I'I'I'I'|'I'I'I'I

Figure 17: Selecting the selection tools to edit the NDIFF Rectangle.

[~ [export/home/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@ E]@@_

File Edit Miew Layer SIM Regions Contacts Regions Transformation  Help

DM @[ aar|gaad =4 T+iet+a12

_Mode _IJ 'I'I'I"'|'I'I'I'I'|'I'I'I'I'|'I'I'I'I'|'I'I'I'I'|'I'I'I'
# Layout [ 7]
e TCAD I

— Layers =

=R o =
5 o a

MJ - L M | |-

| [ =14 [y =4

Figure 18: Selecting the NDIFF rectangle.

8. Double click the upper left hand corner of the rectangle and edit its value to 0,4 (Figure
19Figure 20). The corner is moved according to (Figure 20).

9. In a similar manner edit the lower left corner to be 0,0 (Figure 21).

10. In a similar manner edit the lower right corner to be 4,0 (Figure 22).

11. In a similar manner edit the upper right corner to be 4,4 (Figure 22).

12. Save you work by going to file... Save All (Figure 23). Save the file as diode.lyt.

13. After saving you will notice all your shapes will disappear (Figure 24Figure 24). Just click
on where the shapes should be and they will re-appear (Figure 25).

14. Add a M1 rectangle at coordinates (.5,.5), (.5,3.5), (3.5,.5), (3.5,3.5) (Figure 20).

15. Add a CC rectangle at coordinates (1,1), (1,3), (3,1), (3,3) (Figure 26).
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Jexport/home/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@s E]@@

File Edit Mieww Layer SIM Begions Cantacts Begions  Transformation  Help

DEE sm@h/aan gl g T4+

_Modei 1 R L B B | "' | I I I B | I| L e L | I I | I I I I | I I I
& Layout [ (7]
e TCAD I

—Layers—— | =

7 - : g
|| T 10,4 |

/
1 .~ LR ] -

I [H=05 V=356

Figure 19: Editing the coordinates of the up left corner.

r [export/home/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@i E]@EI

Eile Edit Miew Layer 3IM Regions Contacts BRegions Transformation  Help

DR @[ /aas g Ek TH L4112
_Modei'_lj L e e e B e e e B I o [ B B IR I B
& Layout -

« TCAD
—layers———— | = 7 <

s 7|

cC Y

k1 5

NDIFF i ' k

/
= LR ] -

| H=04 =33

Figure 20: Results of the edit. (Results will vary.)
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Jexport/home/graduate/dparent/sentaury

Eile  Edit ¥iew Layer SIMRegions Cgntacts Regions Transformation  Help

DeElsm@-|k/aas[maaad =4 T+,

Mode ! L I B Yl
’70Laynut

« TCAD
—Layers

NDIFF

Figure 21: Results of setting the lower left corner to x=0 and y=0.

Jexport/home/araduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Edito)

Eile Edit View Layer SIMRegions Contacts Regions Iransformation  Help
DRl i@/ aasma|dad( &0 FTHLrtdliza
Moe | | A | S
’70Layoul bl

+ TCAD
~ Layers

NOIFF

Figure 22: Results of setting the rectangle coordinates to (0,0), (0,4), (4,4) and(4,0).
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Eile | Edit ¥iew Layer

MNew Layout
Open Layout
Import Layout
Save Layout
Save Layout As

SIM Regions

Cirl+L
Cirl+
Cirl+h
Cirl+5

-

[export/home/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@ eec

Caontacts  Regions  Transformation  Help

e (padeE e THik+ S

Open Layout Command
Save Layout Comman
Save Layout Command As...

Open Cantacts
Save Contacts
Save Contacts As

Open DIF
Save DIP
Save DIP &s

Save GIP
Save GIP As

Save All

Workspace

P

Exit

Cirl+Q

Figure 23: Saving your results.

Fl

Eile  Edit

Yiew  Layer

jexportthome/graduate,

alk Regions  Contacts

RBegions

Trai

DEHEl 4 2R

—bdode
& H‘.aynut
« TCAD

—Layers

Y - T-4

|"II'I'|'I'III'|I'I'I'

Figure 24: Layers seem to disappear after saving.
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graduate/dparent/sentaurus/diode f - Ligament Layout E;

File Edit View Layer SIM Regions Contacts Regions Transformation  Help

DEeE|smlo|r/aa B H8 4 T+ie+4t5

S .
Mode v
+ Layout

+ TCAD
—Layers

cC
M1
NDIFF

Figure 25: Clicking on shapes to bring them back into view.
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fexport/home/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@ eec

File Edit Miew Layer SIM Regions Contacts BRegions Transformation  Help

DBEI[%‘E-“WIQ@\&IHGH mé[ ----MIT+JL|~—+—'|I|¢

—Maode

& Layout

~ TCAD

—Layers -

CC

1 |

MNDIFF -

Figure 26: Adding M1 and CC shapes.

[export/home/graduate/dparent/sentaurt

File Edit Miew Lawer 5SIM Regions Contacts Regions Transformation  Help

min[aﬁhgﬂil_[@\@..wmmé@@#jwﬂkiﬂrf

rMDdE |_|J TR l.I.I.I,aelectlmefu:-r2D3|mullat||:|n|

Figure 27: Setting a 2-D cross section for simulation.
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16. Now we would like to simulate a 2-D cross section of the device. We only want to
process half of the device to save simulation time. Click on TCAD in the upper left
corner of the editor and the select line for 2-D cross section icon (Figure 27).

17. Draw the line according to Figure 28.

18. Save your work!

v

Eile Edit ¥iew Layer 5SIk Regions Contacts Regions Transformation  Help

N sRc|h e[| WEd = T+Ll-+118

[exportihome/graduate/dparent/sentaurus/diode/diode.cif - Ligament Layout Editor@ E]@E]

_MDdE—-_|J |TIIlllllllIIIIIIIII|IIIIIIIII"”"””IIIIIIII_‘I_
- Layout A
& TCAD .‘.

— Sk Regions —

|:| SIM2D

IIII|IIII|IIII|II‘I

[¥ =101 [% = 3.8

Figure 28: A line representing half of the diode structure.
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Cireating a Process Flow with 1 jgedt:

In the previous section we defined the masks for three layers NDIFF, CC and M1. IN this
section we will use that mask information in the process run deck and we will simulate the 2-D

cross section area we choose SIM2D.

1. In your diode directory, start the Ligedit editor by typing Ligedit & at the command line
(Figure 29). The editor should start (Figure 30).

2. Add a Process Header by going to Edit... Add Process Header (Figure 31).

] BEa

Eile Edit Wiew Terminal Tabs Help

[dparent@eecad40 diodel$ I
[dparent@eecad40 diodel$

[dparent@eecadd0 diodel$

[dparent@eecad40 diode]f ligedit &

Figure 29: Starting Ligedit.

D@ B o 3 BEoE 5 /=31 @
varighles & Macros  Flow | Unfolded Flow | 1 Arguments |
T
Mames A Mame | Tvpe | -
B = [
- |~
Generic Process Local: u
O comment [ | S implant [
(B remark || S anneal T
Epinsert J 2ill pattern J
7’ & 10ad 2l patternzd
save =% epitax
] ™ = /| = epitaxy /
k] | >
Mode: flove: untitied

Figure 30: Ligedit GUL
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File EditlEreferences Extensions  Help

(==)=]

[y | Undo.. Ctrl+Z = 3 /[ o3|
Vatie £y Coen few | Arguments |
Loy cri+C N MName | Type |
El- Paste Cirl+%
Insert Ins
Insert Argument Clrl+1
Delete Del
Rename Clrl+E
hdove Up Ctrl+Up |
towe Down Cirl+Dowwn _."'
b |~
Find... Cirl+F
Find Again F3 e
Go To Line.. Ctrl+G gncenr::mem ~ lofrfslsam ~ Local u
which Line... CHrl+ (R remark || L anneal T
£p inzert J &l pattern J
Add Process Header  Ctrl+H __,." = 10ad ﬂ patternzd
I\T 4 ] [& save /| i epitaey /

-] | ~

rode: flow: untitled

Figure 31: Adding a Process Header.

3.

10.

Double Click on environment and the title (Figure 32), and set the title to Diode (Figure
32).

Double lick on simulator and set it to sprocess (Figure 33).

Double click on output and save it to diode (Figure 34). This saves all output files ad
@diode@.

Double Click on Graphics and set it to false. This makes sure plots do not pop-up during
simulation (Figure 35).

Click on Substrate and double click on dopant type and set it to Boron (Figure 30).
Double click on concentration and set it to 1e16 with a unit of /em3 (Figure 37).

Read in the mask data by going to File.. Open Layout (Figure 38). Select the file you
created in the previous section (Figure 39).

To assign the region click on environment, and then double click on region, Select
SIM2D from the pop-up (Figure 40).
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Juntitled - Ligament Flow Editor@eecad40.engr.sjsu.edu vY-2006.06

Eile Edit FPreferences Egxtensions Help

B E1E |

DS E ¢ % BB o E 5§ /-2 &

Wariables & Macros  Flow ] Unfolded Flow | ' &rguments ]
Mames |_: Mame | Type _:
| ) R String
Set Actual Argument » | Baolean
Boolean
=L C0l  pacro Call environment Eoolean

Eoolean
Argument: fitle Boolean

Simulatar
Type: [ String =/ || String

String },-'
Can Be Array: | =

’ -

Walue Array Size: | e
Value: |Dinde e : _ Local: ur
Unit: I j [ J

2d

I\Ji String Editor: Cpen Text Area | /
- =
nre- flmwe untitled

Figure 32: Setting the value of the Title.

[vh Set Actual Argument @
=5 g )

Macro Call: environment

Argument: simulatar

Type: ISimuIatDr -]

Can Be Array: |

Value Aray Size: | 14

walue: [sprocesq [

Unit; | -l

String Editor: Open Text Area |
Ok | Cancel |

Figure 33: Setting the argument of the simulator to sprocess.
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' Set Actual Argument [E]

hacro Call: environment
rgument: output
Type: |String |
Can Be Array: |
Value Array Size: | 13
Value: [dindg |+
Unit; | =
String Editor: Open Text Area |
ak | Cancel |
Figure 34: Setting the output argument.
Set Actual Argument @_
hacro Call: enviranment
Argument: gh’:{phics
Type: |El|:|n|ean 7|
Can Be Array: |
Walue Array Size: | Bl
Yalue: IE A
Unit; | =
String Editar: Open Text Area |
ok | Cancel |

Figure 35: Setting the graphics environment to false.
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LS

(&

bacro Call: &

Argument:
Type:

Can Be Array:

Walue Array Size:

Set Actual Argument [z]_
substrate
dopant
|Dupant |
A
| &

Value: m |~
Unit; | =
String Editor: Open Text Area |

jal 4 | Cancel |

Figure 36: Setting the substrate doping type to boron.

' X Set Actual Argument @_

hacro Call: substrate

argument: concentration

Twpe: |Cuncentratiun 7

Can Be Array: |

value Array Size: | 13

Walue: [1e1q A

Unit; |fem3 |

String Editor: Open Text Atea |
2K | Cancel |

Figure 37: Setting the substrate concentration.
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Jfuntitled - Ligament Flow Editor@ eecadd40.engr.sjsu.edu vY-2006.06

Eilel Edit Ereferences Extensions Help
Mew CHrl+l ey [ = 3 ‘/I *E
Open... Ctrl+0
=F ed Flow | || Arguments ]
Save Clrl+3
Save A5 | _ Mame | Type | &
Reload Al CHrl+R H gtelje gg::unlgan
) i {=) grid Boolean
Open Library File. .. Ctrl+L {-) debug Enolean
Open Repositary... Ctrl+P {~) checkld Eoolean
L ) {--} analytical Boolean
i L) Fl - {-) simulator Simulator
Repasitory Properties - {-~) region String
Reload Library - : ( Ol Sing /
M ] -
Workspace -
L
MNeny bAacrn.. Cirl+hd Generic Frocess Local: u
MNew Variable... Ctrl+ & COcomment | Jaimplant |
= CRD remark S anneal
| P insert J &l pattern J
Open Layout... 7 & 1oad &l patternzd
Opeh Layout Comman.. ™ [ save /| s epitay /
Cpen Contacts... H | -~
tade: flow: untitied
Reznlitinn | an

Figure 38: Opening the Layout view for the mask pattern steps.

[

r

(x]

Directory:  Jexport‘homesgraduatesdparent'sentaurussdiode —
|8
E diode.lyt
] |~
File name: |diode.lyt Cpen
Files of type:  Layout files (* Iyt _.| Cancel

Figure 39: Selecting the proper layout file.
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Set Actual Argument

kdacro Call: environment
Argument: region
Type: | |
Can Be Array: |
Value Array Size: | =
Walue: bc'_v
_ Unknow
Unit: default
=from macro definition=

string Editar:

[u]:4 | cancel

Figure 40: Selecting the proper 2-d cross section.

11. Click on the translate current flow icon (Figure 41). You should see the run deck that has
been created by the gui. The simulation is x from 0 to 5 microns (up and down) and y
from O to 2 microns (left and right). The simulation is 5 microns deep by default.

12. Check to see if the syntax is acceptable for sprocess by clicking on check translated flow
(Figure 42).

13. Save this sprocess run deck by going to File... Save translated flow (Figure 43).
14. Save the files as diode_fps.cmd (Figure 44).
15. Click on the Go back to editor icon (Figure 45).

16. Save this GUI-Run deck (not the same thing as an sprocess run deck), by going to File...
Save as (Figure 40). Call the file diode_lig.cmd.
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Juntitled - Ligament Flow Editor@ eecad40.engr.sjsu.edu_vY-2006.06

File Edit Preferences

Extensions

BEa|

Help

& Ea

B

BT

@ 5 | 77

Variables & Macras  Flow | Unfolded Flow |

Mames

3
1|TraLn3Iate the current ﬂ0w|

machine clear
meoals on

set sim_left 0
set sim_right 2
set sim_bottom 5

set sim_tap 0

it ##

it LIGAMENT QOUTPUT ———----- i
it ##
- Ligament defined grid ----—- ##

it i

line y loc=0 spa=0.4 tag=left

line y loc=2 spa=04 tag=right

line ® loc=0 spa=0.25 tag=top

line % loc=5 tag=hottom

region Silicon xlo=top xhi=hottom ylo=left yhi=right

init concentration=1e16 field=Boraon wafer.orient=100 slice.z

i
w# -——- Added process flow header -----
i
struct smesh=n@noded®
exit
] |~ /
| -
tode: flove: untitled
Figure 41: Translated flow into sprocess.
¥, A Jfuntitled - Ligament Flow Editor@® eecad40.engr.sjsu.edu vY-2006.06 = [|B]*
File Edit Preferences Estensions Help
Do B ool BB el s ¢ %

Variables & Macros  Flow ] Unfolded Flow |

Mames

sprocess flow

machine clear
mgoals on

set gim_left O
set sim_right 2

set sim_hottom 5
set sim_top 0

@ SPROCESS syntax check: ok
oK |

jp =hi=hottom ylo=left vhi=right
16 field=Boron wafer.orient=100 slice.:

L

## -—-- Added process flow header ---—-
##

struct smesh=n@noded@

exit

~

-

kode: flow: untitled

Figure 42: Checking the syntax for the sprocess deck.
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Juntitled - Ligament Flow Editor@eecad40.engr.sjsu.edu v¥-2006.06

EIEIET

File | Edit Preferences Extensions Help
Blew Ctri+N - s 5 \/I . &
Cpen... Cirl+ O T
ed Flow | | sprocess flow
Save Cirl+5 = 3
— machine clear [
Save As. | mgoals an
set sim_left 0
Beload All Ctrl+R set sim_right 2
set sim_bottom 5
Cpen Library File Cirl+L set sim_top 0
; it L
Open Repositary.. Cirl+P MR LIGAMENT OUTEUT —ooemeees a
Edit Library File - L i
Repository Praperties . :: —————— Ligament defined grid ------ H#t
Reload Library - ling v loc=0 spa=0.4 tag=laft
line y loc=2 spa=0.4 tag=right
line # loc=0 spa=0.25 tag=top
SV e - line x loc=5 tag=hattam
region Silicon xlo=top xhi=hottom ylo=left yhi=right
Mew hacra... Cirl+t init concentration=1e16 field=Baron wafer.orient=100 slice.z
Mewe Watiahle.. Cirl+ & R
## -—- Added process flow header -—-—-
Cpen Layout... L
Open Layout Command.. Zt;ﬁd S ZE=AETOEEE
Open Contacts.. —
Resalution Lag... I I
L]
Translate Flow Mode: flow: untitied
Check Translated Flow
Save Translajed Flaw &s.. cing initial puess:

Figure 43: Saving the translated

Directary:  fexporthomefgraduate’dparent’sentaurus/diode _-l |

sprocess flow.

Save As

=)

[~

|~

File name: |diude_fps.cmd | Save J
n
Files of type:  Ligament files (".cmd) — | Cancel |

Figure 44: File name for process flow.
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h Juntitled - Ligament Flow Editor@ eecad40.engr.sjsu.edu vY-2006.06 =B

Eile Edit Preferences Extensions Help

e W oo s BB oolE 5 -8 7l g

Variables & Macras  Flow | Unfolded Flow | '} sprocdBack to Edit Mode
2 machine clear
rI——— Mames |!—;_| ‘ meoals on |

Figure 45: Going back to the GIU editor.

File | Edit Preferences Extension:

(=0 Cirl+M |,
Qpen... Cirl+ O
Save A5

Beload all Ctrl+R

Figure 46: Saving the Gui run deck.

Ronning sorocess and viewing results in tegplot.

1. In your diode directory type: sprocess diode_fps.cmmd (Figure 47). The simulator
should start and eventually end with a successful message (Figure 48).

2. To view you substrate definition (that is all we have done so far) type tecplot_sv —mesa
& (Figure 49).

3. The Tecplot viewer should appear (Figure 50). If it doe not you probably forgot the —
mesa when invoking it.

4. Go to File load (Figure 51) and a read Synopsys file pop-up should appear (Figure 52).

5. Highlight diode_bdn.tdr (Boundary file) and diode_fps.tdr (doping information) and click
add (Figure 53), then OK.

6. Two pink rectangles should appear (Figure 54). There is not much data because we just
defined the substrate. We did no processing.

7. Exit Tecplot.
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] (=I=]=]
File Edit Miew Terminal Tabs Help

[dparenti@ieecad40 diode]$

[dparent@eecad40 diode]%

[dparent@eecad40 diode]%

[dparent@eecad40 dicde]$

[dparent@eecad40 dicdel$ 1s

diode.cif diode_lig.cmd diode.lyt
\[dparent@eecad4ﬂ diode]} sprocess diﬂde_fps.cmdl

[]

E]

b

Figure 47: Running the process deck.

Converting n@node@_mdr.bnd -> n@node@_bnd.tdr
IDX SUCCESS convert BND to TDR finish

removing n@node@_mdr.bnd

Continuing at dimension 1

Elapsed Time: 00:00:06
User Time: 00:00:02
CPU Time: 00:00:02

See ya' later Alagator!
[dparent@eecad40 diode]¥

Figure 48: Sprocess completes sucessfully.

BEE3)
Eile .Edit View Terminal Tabs Help

[dparent@eecad40 diode]$d
[dparent@eecadd40 diode]$
[dparent@eecadd40 diodel$
[dparent@eecad40 diodel$
[dparent@eecad4( diode]l$
[dparent@eecad40 diode]$d
[dparent@eecadd4( diode]$ tecplot_sv -mesa &

[+]

E]

Figure 49: Plotting results.
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(=JE])x]

Help

Edit  Wiew  Frame  Axis  Plot Data  Slicer

i~

EEN S
NE:E
OEEG

o]
Zx Plo

W=-0.01483 | *=-0.14080

Figure 50: Techplot.

[w] Tecplot IENES)
File | Edit  “iew  Frame  Axis  Plot  Data
“Lgad...

_guic:k Data Update

Figure 51: Loading the files to be plotted.
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Filter (Mame Search)

itesdparent'sentaurus/diodes” [botdpil[dnrealiv][rdnté)

Directaries Files

raduate/dparent'sentaurussdiodes..

B ] -] e

File to he Added
E"dinde_bnd.tdr" "diode_fps.tdr"
Selected File(s)

Femaowve

]E
Fenove

;

..] [

&
] Filter Cancel

[ -

Figure 52: adding data to tecplot.
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Filter (Mame Search)

itesdparent'sentaurus/diodes” [botdpil[dnrealiv][rdnté)

Directaries Files

raduate/dparent'sentaurussdiodes..

B ] -] )

File to he Added
E"dinde_bnd.tdr" "diode_fps.tdr"
Selected File(s)

‘dparent’sentaurus/diodesdiode_bnd tdr (=
p—J T
—X

] Filter Cancel

Figure 53: Adding data to tecplot.

[
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Tecplot =B *

File  Edit  Wiew  Frame  Axis  Plot  Data  Slicer Help

EE@ @g [ oot 1 e T T DML ety 0 || e i W1 igeenany
TN ; | -
AlAT O]’

oos 1 15 F R 19 o ns 1 15 7 25 3
*

‘ | }{=+D.D?DBS| Y=+6.3208!

Figure 54: Results of setting substrate.

8. Add an Spin On Glass (SOG) oxide layer that will be used for the dopant source by going

back to the ligedit (Figure 55) GUI, and copying a deposit command(Figure 56) and
pasting it after the comment (Figure 57, Figure 58).

9. Set the material to Oxide (Figure 59), the thickness to 3000 Angstroms (Figure 60), the

dopant to phosphorus (Figure 61), and the concentration to 5¢21 /em3 (Figure 62). Save
your GUI ligament flow.

10. Translate the flow (Figure 63) and save it as didoe_fps.cmd, and view your results in

tecplot (Figure 64). Exit tecplot when you are done viewing. You can see the
didoe_fps.tdr file is now meshed properly.
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./diode_lig.cmd - Ligament Flow Editor@eecad40.engr.sjsu.edu vY-2006.06

File Edit Preferences Extensions Help

(==

D& B ols o ole

3 |3

Variahles & Macros  Flow ] Unfolded Flow |

_'J Arquments ]

Names [ Narme Type | wvalug
B---= Flow pa— . R String Diode
|2 Jenvironment . Eoolean true
Boolean true
- Boolean falze
=Y checkld Boolean false
- analytical Baoaolean false
=3 simulator Simulator Sprocess
«J region String SIMED
-{=Y output String n@Enoded
- node String @node@
£ side Side front /
|~
Generic Frocess Local: diode_lig.cmd
]
Ercomment [ | £ anneal 7]
(’) remark 2l pattern
P insert il patternzd
I load = apitaxy
7 I save | depr'ksit
o if 1 etch L
| L alif /{ = /{

N

| -

kode: flows: untitled

Figure 55: Adding a deposit step.

Process

A anneal

&l pattern
&l patternzd

= epitay
Iy
E"Pb’ I

T

Figure 56: Copy a Deposit step.

Mames

Flows
H environment
@ substrate

- ] ompent
L3

Figure 57: Pasting a Deposit step after comment..
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B = Flony

- @ substrate
KOl Fing

Find Again

G0 To

Which Line

Cut
Copy

_;aste |

Delete
hove Up

kAove Do

H cnvironment

Figure 58: Past the step.

hacro Call:

Argument:

Type:

Can Be Array:
Yalue Array Size:
Yalue:

Unit:

string Editar:

Set Actual Argument

deposit

material

|Material

Open Text Area

icancel

Figure 59: Set the Material type to oxide.
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€2

hdacro Call:

Argument:
Type:

Can Be Array:

Yalue Array Size:

Value:
Init:

String Editar:

Set Actual Argument

[x]

deposit

thickness

|Distance =
|

| E

| 3000 M

KN

Open Text &rea

ok |

iCcancel

Figure 60: Set the thickness to 3000A.

]
kdacro Call:

Argument:
Type:

Can Be Array:

Yalue Array Size:

Walue:
IJnit:

String Editor:

Set Actual Argument

deposit
dopant

*]

|D|:|pant

Open Text Area

ok |

Cancel

Figure 61: Setting the doping type to P.
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Set Actual Argument

kacro Call: deposit

Argument: concentration

Type: | =
Can Be Array: |

Walue Array Size: |

[EI3

Walue: |5ez1 |
Unit Fem3 E
String Editar: Open Test &Area

(]9 | Cancel

Figure 62:Setting the concentration.

machine clear

mgoals on

zet sim_left 0

sat sim_right 2

set sim_bottom 3

set sim_top O

#it it

#t - LIGAMEMNT QUTPUT ------—- ##

i #i

## - Ligament defined grid --——— i

#it it

line y loc=0 spa=0.4 tag=left

line y loc=2 spa=0.4 tag=right

line = loc=0 spa=0.25 tag=top

line = loc=5 tag=hottam

region Silicon =lo=top <hi=bottom ylo=left yhi=right

init concentration=1e16 field=Boron wafer.orient=100 slice.angle=[CutLineZD 0 0 2 0]

i
## -——- Added process flow header -----
it
deposit material = {Oxide} type = isotropic Phosphords conc=5e21 rate = {1.0} time=0.3
struct smesh=diode

Figure 63: Translated flow.
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File  Edit  View  Frame  #&xis  Plot  Data  Slicer

Tecplot

Fi v el |
@ @ Jg 01:5emaurusdnden@noded®_pnd.tdr ; geometry_G: 02: semaurus/dinden@nod e _TEs.tdr . geometry_ ¢
=HE 2RQ =
[ Jor o W
*

AADON| | — =

24 2

- ] = ]
4 4
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| W) THASZSTH5 | Vo4 TAGZITIG

Figure 64: Results of sprocess.

11. To diffuse the Phosphorous into the p-type Si add an anneal step, by copying it from the
Change the time to 60 min (Figure 65). And the
temperature to 900 degC (Figure 60).

process area to the Flow area.

12. Translate the flow (Figure 67), check the syntax and save as diode_fps.cmd.. Savehte GUI
version as well. Run the process deck and view the results (Figure 68).
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R et Actal Arpument iz

hacro Call: anneal
Argument: time
Type: |Time =
Can Be Array: w
Value Array Size: | 12
Value: |60 -
Unit; [ B
string Editar: Qpen Text Area

[u]:4 | cancel

Figure 65: Add and anneal step (time =60 min.).
Set Actual Argument E]

hacro Call: anneal
Argument: temperature
Type: |Temperature M
Can Be Array: w
Value Array Size: | 1%
Value: m A
Unit: | degcC M
string Editar: Open Text Area |

o | Cancel |

Figure 66: Setting the temperature.
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Note: Due to a typo, and the tact

that the original doc was lost,

| had to make sure the last lines were properly

machine clear
myoals on

sat sim_left O pasted in.
set sim_right 2
zet sim_bottom 5

coded (struct smesh=diode). As a result

set sim_top O

it L

iy S LIGAREMNT QUTPUT -------- i
it #
- Ligament defined grid --—— ##

it 4

line Y loc=0 spa=0.4 tag=Ieft

line y loc=2 spa=0.4 tag=right

line x loc=0 spa=0.25 tag=top

line = loc=5 tag=hottom

region Silicon =lo=top =hi=bottom ylo=|eft v
init concentration=1e16 field=Boron waferArient=100 slice.angle=[CutLinezD 0 0 2 0]

it
## ——— Added process flow header /-
it
deposit materiLI = [Oxide} type = jgotropic Phosphorus conc=5eZ1 rate = {1.0} time=0.3
temp_ramp name=tempramp_1_2 time=60 temp=300

diffuse temp_ramp=tempramp_x_2

struct smesh=diode

exit

Figure 67: Translated flow after anneal.

File  Edit  Miew  Frame  Axis  Plot Data  Slicer Help

@ @ Q 01 sentaurusdinde/n@node®_pnd.tdr : geometry_& .E)?; senmaurusdiode/nE@nod e fps.ﬁr s geometry 0 state_0 =
== [ =lieY = P

o ol [
AlAQiow| | o

BoronactiveConcentral |~
BoronCaoncentration(BT

FhosphorusactiveConc
PhosphorusConcentrati
StregsiK
StresskY
StressiZ

Ash 2 EE > | 5 n
T b aConcent ialion (MelAct ve)
ERE 2| /0] | .- . 5E+19
gﬂ @@@ BE+1T7
ci e | =
BRI T SE
SR8 a8 a L X2 < ¢ 1 .x-%OEMS

' — ul

Move the object(s). 'V','H' or 'A' to restrict. '+, to GrowsShrink | |

Figure 68: Annealed results.
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13. Add a pattern step the the process area after the anneal step. Set the Layer to CC (Figure
09), the polarity to dark_field(Figure 70), and the thickness to 1 um(Figure 71).

14. Translate (Figure 72), check and save, run sprocess and view your results in tecplot

(Figure 73).
. Set Actual Argument E]_
kacro Call: pattern
Argument: layer
Type: |5tring =
Can Be Array: |
alue Array Size: | 12

WValue: E |+|
Unit; | =

string Editar: Qpen Text Area

[u]:4 | cancel

Figure 69: Setting the Layer argument of a pattern step.
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Set Actual Argument

kacro Call: pattern

Argument: polarity

Type: |F'|:|Iarit5.' =
Can Be Array: |

Walue Array Size: | 12

Value: m N
Unit: | =

String Editar: Open Test &Area

(]9 | Cancel

[

Figure 70: Setting the polarity of the mask step.

Set Actual Argument E]

hacro Call: pattern

Argument: thickness

Type: |Distan|:e =

Can Be Array: |

Walue Array Size: | 12

Value: Iﬁ d

Unit: |um M

String Editar: Cpen Text Area |
(] | Cancel |

Figure 71: Setting the thickness of the PR.
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machine clear
mgoals on

set sim_left 0
set sim_right 2
set sim_bhottom 5

set sim_top 0

i it

iy S LIGAMEMNT QUTPUT -----—-- i
## H##

Wit - Ligament defined grid --—--- ##

i it

line y loc=0 spa=04 tag=left

line y loc=2 spa=0.4 tag=right

line = loc=0 spa=0.25 tag=top

line = loc="5 tag=hottam

region Silicon <lo=top <hi=bottom ylo=[eft yhi=right

init concentration=1e16 field=Boron wafer.orient=100 slice.angle=[CutLinezD 0 0 2 0]

it
## ———- Added process flow header ——-
i
deposit material = {Oxide} type = isotropicy Phosphorus conc=5e21 rate = {1.0} time=0.3
temp_ramp name=tempramp_1_2 fime=6042mp=300

diffuse temp_ramp=tempramp_1_2

mask name=mask_1_2 segments = (1.0 2.1 } negative

photo mask=mask_1_2 thickness=1

struct smesh=diode
axit

Figure 72: Translated flow after pattern step.
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G2: sentaurus/diodesniE@nod e fps.adr : geormetry O - slate O
=
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{J
1
:)_
i
3
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Figure 73: Sprocess results.

15. Add an etch step after the previous pattern step. Set the material to Oxide (Figure 74),
Overetch to 10 (Figure 75), and the type to anisotropic (Figure 76).

16. Translate (Figure 77), check and save, run sprocess and view your results in tecplot
(Figure 78).

17.
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kacro Call:

Argument:

Type:

Can Be Array:
Yalue Array Size:
Yalue:

Unit:

string Editar:

Set Actual Argument

etich
thatetial
| Material |
|
| E
[~

Open Text Area

ok |

cancel

hdacra Call:

Argument:
Type:

Can Be Array:

Value Array Size:

YWalue:

Unit:

String Editar:

Figure 74: Setting the etch step for oxide.

Set Actual Argument

etch
overetch
|Number A =
-
| E
]

Figure 75: Setting the over etch.
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Set Actual Argument

kAacro Call:

Argument:
Type:

Can Be Array:

Yalue Array Size:

YWalle:

Unit:

String Editor:

etch

etch_type

| ]
-

| 3

anisotropic] ]

Qpen Text Area

(0] | cancel

Figure 76: Setting the etch type.

photo mask=mask_1_¢ thickness=1
etch material = {Oxide] type=anisotropic rate = {10.0% time=1 .1

Figure 77: Translated flow after etch step.

d

|

Figure 78: Sprocess results after oxide window etch step.
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18. Etch of the photoresist by adding and Etch step to the etch step you just did. Set the
material to photoresist (Figure 79), the type to strip (Figure 80). Translate the flow
(Figure 81), check the syntaxt, and save. Save GUI flow too. Run in sprocess and view

results (Figure 82).
- Set Actual Argument [z]

kdacro Call: etch

Argument: material

Type: |Material |

Can Be Array: ]

Walue Atray Size: | 1E]

YValue: I@ |~

Unit; | =

String Editor: Open Text Area |
[a]:4 | Cancel |

Figure 79: Setting etch step for resist.
Set Actual Argument [E]

kacro Call: atch

Argument: etch_type

Type: |Etu:hT5-'pe 7

Can Be Array: |

Value Aray Size: | 1B

Yalue: @ N

Unit; | =

String Editor: Open Text Area |
ak | Cancel |

Figure 80: Stripping resist.

etch material = {Oxide} type=anisotropic rate
strip Photoresist

Figure 81: Translated flow after PR strip.

= {10.0} time=1.1
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Figure 82: Results after PR strip.

19. Add an Aluminum Layer by adding a deposit step to the last etch step and setting the
material to AL (Figure 83), and the thickness to 2500 Angstroms (Figure 84). Translate
(Figure 85). Check and save the the flow and run in sprocess. View the results (Figure

86).
' Set Actual Argument @

hacro Call: deposit

Argument: material

Type: | J

Can Be Array: |

Value Array Size: | H

value: lﬂw [

Unit; | =

String Editor: Open Text Area |
[a].4 Zancel |

Figure 83: Deposit AL
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. Set Actual Argument @

Macro Call: deposit

Argument: thickness

Type: | 7|

Can Be Array: |

Value Array Size: | =

Walue: Iﬁ A

Unit: |angstr -]

String Editar: Open Text Area |
2k | Cancel |

Figure 84: Setting AL thickness.
deposit material = [aluminum} type = isotropic rate = {1.0} time=0.25

Figure 85: Translated AL deposition FLow.

G2: sentgurussdiodesn@nod e fps.adr: geometry O s5tate O

1

Figure 86: Results of AL deposition..

20. Pattern the the M1 layer by adding a pattern statement. Set the layer to M1 (Figure 87),
the polarity to light field (Figure 88), and the thickness to Tum (Figure 89).

21. Translate (Figure 90) Check and save the flow and run in sprocess. View the results
(Figure 91).
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. Set Actual Argument E]j

hacro Call: pattern

Argument: layer

Type: |String =
Can Be Array: |

Walue Array Size: | 12
Value: ﬁ ||
Unit: | N
String Editor: Qpen Text Area

ok | cancel
Figure 87: Pattern the M1 layer.
"
Set Actual Argument
kacro Call: pattern
Argument: polarity
Type: |F'|:|Iarit5.' =
Can Be Array: |
Walue Array Size: | 12

Value: m ||
Unit: | =

String Editar: Cpen Test Area |

Figure 88: Setting Polarity.
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' Set Actual Argument E]

hacro Call: pattern
Argument: thickness
Type: | =
Can Be Array: |
Value Array Size: | =
Value: [l ||
Unit: |um M
String Editor: Qpen Text Area

(0] | cancel

Figure 89: Setting thickness.

mask name=mask_1_3 segments = {-0.1 1.5 } negative
photo mask=mask_1_3 thickness=1

Figure 90 :Translated process flow.

G2: sentaurussdiodesnE@nod e fps.adr : geormetry O - state O

Figure 91: PRocess results for PR pattern.

22. Pattern the AL layer by adding an Etch statement. Set the material to AL (Figure 92), the
type to anisotropic (Figure 93), and the overetch to 10 (Figure 94).
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&

kdacro Call:

Argument:
Type:

Can Be Array:

Value Array Size:

Walue:

Unit:

String Editor:

Set Actual Argument

etch

material

IMateriaI

Figure 92: Setting the etch AL etch step.

&

kdacro Call:

Argument:
Type:

Can Be Array:

Value Array Size:

YWalue:

Unit:

String Editor:

Set Actual Argument

etch

etch_type

IEtn:hType

[

Figure 93:

Setting type.
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Set Actual Argument

kacro Call: etch
Argument: overetch
Type: |Numt:|er =
Can Be Array: |
Walue Array Size: | 12
Value: d N
Unit: | =
String Editar: Open Test &Area

(]9 | Cancel

b

Figure 94: Setting over etch for Al

etch material = f&luminum? type=anisotropic rate = 10.0} time=1.1

Figure 95: Sprocess Results for etch step.
24. Check t make sure your process window looks like Figure 96.

25. Add a photoresist strip step. Your results should look like Figure 97.
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- [H] environment
......... ) substrate
........ @ comment
......... ﬂ deposit

......... & anneal
......... W paﬁern

......... 'l etch
........ g deposit

......... &=l pattern
........ LT eich

I ot

Figure 96: Process Window.




=
O_
']_
7= (MetAct ve)
3_
. -3 4E+1
-1 0E+ 16
X
| ¥=+0504790952 | v=-0.156416051

Figure 97: Complete device.

26. To make electrical contacts, add and insert macro call (Figure 98), double click on
sprocess and open up the text area and fill in exactly as shown (Figure 99).

contact name=n_side point x=-.15 y=.5
contact name=p_side box silicon xlo=>5 ylo=0 xhi=4.5 yhi=2

27. Translate (Figure 100) and run and view results (Figure 101). Notice how the AL layer
has been replaced with a contact layer.
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H environment
- substrate
-------- L0 compent
......... ; dEFIEIElt

O anneal

=l pattern

........ .hf etch

......... Il etch

-------- o deposit

......... ﬂ paﬁern

Figure 98: adding an insert macro call.




Set Actual Argument
hacro Call: inzer
Argument: Sprocess
Type: |String =
Can Be Array: |

Walue Array Size: |

YWalue:

Unit:

String Editor: Close Text Area

contd:t name=n_side point x=-15 y=5
contakt name=p_side box silicon =l0=5 ylo=0 xhi=4.5 yhi=Z

]

|~

ki

Protect Special Symbaols Unprotect Special Symbols
(o] .4 | Cancel

Figure 99: Setting the insert marco call for contacts.

contact name=n_side point ®=-15 ¥=.35
contact name=p_side box silicon =lo=5 ylo=0 xhi=4.5 yhi=2

Figure 100: Translated process flow.

61



Tecplot e e =]

File  Edit  Miew  Frame  Axls  Plot  Data  Slicer Help

Jg JJ O1: sentaurus/dnde/n@node®_bnd.tdr - geametry O 02: sentaurusddindesni@nod e@_fps.tdr : geametry G s state_G

M

EM EE - >

Contact
COixide
Silican

[
|

]

ng Concentration(MetActve)

@me ol
21 8 @7 917
& 1] el | ] B.3E+14
BW S N 0 2.0512
=R o WA .
| H=-0739723517 | Y=+2 07338661

Figure 101: Results for contact step.
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Using SDE 1o Build a 172esh svudtable for electrical sinnmlation.

1. First you need to down load a tar file, untar it in your sentaurus directory. (See link below fig. 102.)

2. Copy the diode_dvs.cmd file into your diode directory. This file shas been edited to
remesh your diode for electrical simulation. There are many things in this file that are just
left over from the SWB example. At the very end the diode is reflected to get the full 4

microns. To view the file type gedit diode_dvs.cmd (Figure 102). Your results should
look like (Figure 103).

3. To mesh your structure type sde —e -1 diode_dvs.cmd (Figure 104). Your deck should
run properly (Figure 104Figure 105).View the results in tecplot by looking at
diode_msh.tdr (Figure 106). Notice how the mesh has been simplified (Figure 107)?

; Terminal
File Edit View Terminal Tabs Help
Tecblct displayed on : :1.0 (4]

Tecplot Home Directory: /fapps/synopsys/TCAD/tcad/current/tecplot/amd64/te
cplotlO

AddOn Loaded : Sentaurus Workbench Add-on

[dparent@eecad40 diode]$
[dparent@eecad4) diodel$
[dparent@eecad4) diodelf
[dparent@eecad40 diode]$
k[dparent@eecad-’-l-[] diode]$ gedit diode_dvs.cmd &

O

Figure 102: Viewing the file for Sentaurus structure editor.

The tar file is located at www.engt.sjsu.edu/dpatent/ee221/diode_mastet.tar
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fexport/home/graduate/dparent/sentaurus/diode/diod

Eile Edit View Search Tools Documents Help

EZ?,EI|@‘@% @|E¥i‘_‘1\@

R

New Open Save Print Undo Redo Cut Copy Paste Find F
| diode_fps.cmd X |:r'" diode_dvs.cmd * |/ | res_des.cmd X |.'r" res_dvs.cmd % | " diode_dvs.cmd L
1
2 ;--- Internal parameters ---————-——-—————-————————.
3(1f (string=? "nMOS" "nMOS")
4 (begin
5 (define DopPol "ArsenicActivFCOncentration")
6 )
7 (begin
8 (define DopPol "BoronActiveConcentration")
9 )
10)
Figure 103: Sample Code from the didoe_dvs.cmd file.
[v] [=J=]*]

File Edit Miew Terminal Tabs Help

[dparent@eecad40 diodel¥ |~
[dparent@eecad40 diodelf
[dparent@eecad40 diode]$ sde -e -1 diﬂde_dvs.l:mdl B
Figure 104: Runiing SDE in bathc mode.

(=)=](*]
Eile Edit View Terminal Tabs Help
> Interimlating data ... done I |
TDX SUCCESS mirror TDR to TDR finish
[dparent@eecad4) diodel$ [ +]

Figure 105: SDE exists propetly.
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Filter (Mame Search)

‘ 1tefdparent-*sentaurusfdi0def“.[hgtdpi][dnrealiv][rdnﬂkl]i

Directories Files
— |diode_bnd.tdr =
atesdparent’sentaurus/diodes. diode_fps.tdr

dinde_half_bnd.tdr
dinde_half_msh.tdr

R

File to be added

Mdiode_msh tdr"

Selected File(s)

J Al
- Remove

HI

0] .4 Filter Cancel

Figure 106: Plotting results.
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Figure 107: TecplotResults of SDE.

Ratning setasrus dlevice to obtain electyical results:

1. Copy the file diode_des.cmd from the directory you downloaded. View it with gedit
(Figure 108).

2. Run the deck by typing sdevice diode_des.cmd at the command line. It should exit
propetly (Figure 109).
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jexport/

File Edit View 5Search Tools Documents Help

E‘:?,EI‘@‘% @

Mew Open Save Print Undo Redo

T

" diode_des.cmd x

3
4
5 * input files:

6 Grid= "diode_msh. tdr"
7

8

9

* output files:

Plot=  "diode_des.tdr"
10 Current="diode_des.plt"
11 Output= "diode_des.log"

121

Figure 108: The Sdevcie run deck.

(<]

B EE]

File Edit Miew Terminal Tabs Help

[*]

R T T A E A E A A E R A T T R A A A T A TR E R AT LT L LR R LT EEY

Sentaurus Device process size: 116 megabytes

Sentaurus Device simulation times:
wallclock: 43.11 s
total cpu: 37.90 s

Sentaurus Device simulation finished (Date: Thu Oct 26 10:11:04 20068 (PDT)).

R EE R EEEEEEEEEEEEEEEEEEEEE LTSS Guud BYE ! R R E A R R A EEEE TS L L EEEEEEEEY

[3] Done gedit diode_dvs.cmnd
L[dparent@eecad40 diode]$ inspect &I

B

Figure 109: Sdevcie exiting properly and starting inspect.
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Ulsing inspect 1o view your electrical results:

1. Start inspect by typing inspect & at t command line (Figure 109).
2. Go to File.. Load and select diode_des.plt.
3. Click on p_side, OuterVoltageo x axis (Figure 110).

4. Click on n_side TotalCurrewnt and assign to left y-axis (Figure 111). You should see a
forward biased diode’s characteristics (Figure 112). Try plotting the y axis in log scale

(Figure 113).
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Eile Edit Curve St

=S| & e

— Datasets

diode_des

time

n_side

Ciutertoltage
Inneryoltage
DisplacementCurren
eCurrent

hCurrent
TotalCurrent

Charge

- ™

To H-Axis

To Left ¥-&xis

To Right %-&xis

Selected set for ¥-Axis :

Figure 110: Assigning X-axis.
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Eile Edit Curve ScCrif

S0 Q!

— Datasets

diode_des

time

n_side

Outeryoltage
Inheryoltage
DisplacementCurren
eCurrent

hCurrent

otalfurremnt
ICharg.E

o I P

To X-Axis

Tao Left ¥-Axis

To Right %-&xis

Selected set for X-Axis : dic

Figure 111: Assigning y-axis.




Eile Edit Curve Script

I ;spect@

Extensions  Help

eecad40.engr.sjsu.edu v¥-2006.06

BSo| e I|[EEwwer] ), s %Y

Figure 112: Electrical results of a forward biased diode.

—Datasets - —Curves e
diode_des TotalCurrent_p_side — TotalCurrent_p_side
0.002
time
n_side
Outeryoltage /£ 0.001
Innervoltage /’
o I [
To H-Axis | Memk... |
To Left ¥-&xis | Edit... |
D 1 1 1 T I T T T I T T T
Ta Right Y-Asxis | Delete.. | /
-] [~
K =1.07623 Y = 0.00234305
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Inspect®eecad40.engr.sjsu.edu v¥-2006.06 E]@@

Eile Edit Curve Script Estensions Help

FSo/aaRIK|EH «%enl b WYR

— Datasets —Curves el
diode_des TatalCurrent_p_side — TotalCurrent_p_side |
1E-5 —
1E-10 —
Outervoltage fi
Inneryoltage
/ 1E-15 —
S I P
To H-8xis | Mew.. |
To Left ¥-&xis | Edit.. |
1E_20 T T T T I T T L T T T T
il 1 2 3 I
To Right *-Axis | Delete... |
| ®=1.1704 Y = 0.00293239

Figure 113: Forward bias diode Log scale.
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