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Chapter 1. Getting Started with Athena

Athena is a 2-D process simulator. The software can model diffusion, oxidation, implant, etch
and deposition processes sue in microelectronic circuit fabrication. This tutorial will show you
how to get started creating a process deck from scratch and demonstrate how grid density affects
accuracy and speed performance of your simulations.

This chapter will introduce you to the Athena process modeling software by walking you through
the fabrication of a Diode by B diffusion into an n-type substrate. It will also cove extracing sheet
resistance and junction depths. Examples of how different meshes give different simulation
times and accuracies.

Starting the software:

Log in to one of our UNIX stations or remote access the servers by using secure shell to
eecadXX..engr.sjsu.edu. (Where XX is a number from 1 to 40)

Start a terminal and enter in the commands as shown in Figure 1.

A A A LA A LA A LA A LA LA A P A LA P LA LA LA AL LA LA LA LA A LA LAl
Window Edit Options Help
Shome/dparent$nkdir process
fhomesdparent$cd process
Shome/dparent.d

Figure 1: Creating a directory

Start the software by typing deckbuild —an & as shown in Figure 2.




e o P WV A W o WV W o P W B W e T W B P B P HA W R W A P v

Window Edit Options Help

Shome/dparent$cd process

| fhomesdparentimkdir process
Fhomesdparent$deckbuild -an &

Figure 2: Starting Software

Deckbuild should appear like in Figure 3. This is where you will write the code that will control
your simulations. It is an interpreter, not a complier.

We need to define a 2-D space for our simulation. In this case it will be a 10-micron by 10-
micron box. Defining a mesh can be difficult and rarely do | do one from scratch. What |
normally do is find a run from the example files and modify it one line at a time until I get
the structure | need.

Deckbuild ¥3,11.5.R - (MONE}, dir: Ahome/dparent/|

File ¥] Miew v] Edit #) Find v} Hain Control + ) Conmands ) Tools + |

|
& -
|

=i

next ) line ) _stop T cont ] run ) quit ) Line: 1
paste ] init ) pause ) _clear | restart | kill ) Stop: MNone

adaptive Meshing :  Enabled &

It is now Thu Mar 7 09:28:27 2002

fthena 5.2.2.R 15 executing on "eecadis”

a
Loading model file “athenamod’... done. :‘
ATHENA>

-

il
ATHENA started ATHENA

Figure 3: Deckbuild

Right Click on the commands tab in the top of the Deckbuild tool bar. A selection window
should appear as in Figure 4. Right click on Mesh define and a pop up like Figure 5should appear.




Figure 4: Setting up a 2-D Mesh

Figure 5: Setting left limit.

Click insert to put in the point already selected. You pop up should look like Figure 6.




Deckbuwild: ATHEMA Mesh Define

Figure 6: Setting Right Limit.

Enter in a location at 10 microns and click insert like in Figure 7.

Figure 7: Completed X limits




Repeat the same procedure for the y mesh as in Figure 8, Figure 9, Figure 10.

Deckbuild: ATHENA Mesh Define

Figure 8: Setting top limit.

Figure 9: Setting lower limit.




Figure 10: Completed Y limits.

Click the write button in the pop up of Figure 10. You run deck should look like Figure 11.

go athena
#

Tine # Toc=0.00 spac=0.10
Tine # Toc=10.00 spac=0.10
#

Tine y loc=0.00 spac=0.02
Tine y Toc=10.00 spac=0.02

&

C Interpreter :  Enabled
adaptive Meshing : Enabled

It is now Thu Mar 7 09:35:19 2002

fthena 5.2.2.R 15 executing on "eecadis”

Loading model file “athenamod’... done.
ATHENA>

Figure 11: Completed mesh statements in run deck.
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Now we need to initialize the 2-D mesh to a semiconductor type and doping. In this case, [100]
silicon with a resistively of 10 ohms per square.

Right click on the commands pop up and select mesh define. A pop up like Figure 12 should
appear. Fill it out like Figure 12.

Deckbuildy ATHEMA Mesh Initialize

i
[ 110] 2|

Figure 12: Initializing Mesh

Click write and you should see your run deck modified as in Figure 13.
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Deckbuild Y3,11.5.R - (MONE} f{edited?, dir: Ahomesdparent.

File ¥] Miew v) Edit ¥) Find v} Hain Control + ) Conmands ) Tools + |
go athena =
i -
Tine # Toc=0.00 spac=0.10
Tine % Toc=10.00 spac=0.10 w
#
Tine y loc=0.00 spac=0.02
Tine y Toc=10.00 spac=0.02
#
init silicon phosphor resistivity=10 orientation=100
.
e |
next ) line ) _stop T cont ] run ) quit ) Line: 1
paste ) init ) pause ) _clear ] restart | kill  Stop: MNone
C Interpreter :  Enabled B
adaptive Meshing : Enabled
It is now Thu Mar 7 09:35:19 2002
fthena 5.2.2.R 15 executing on "eecadis”
-
Loading model file “athenamod’... done. —
ATHENA? ¥
ATHENA started ATHENA

Figure 13: Initialized run deck.

Now save your run deck by right clicking on File... Save, fill out the pop like Figure 14.

You run deck should look like Figure 15.

Click on run. You should get an error that says you exceeded the maximum number of points.
Even if the simulator could handle this number of points, it would take too long to do any
simulations.

Change the y spacing to .2 (Figure 16), and run the deck again. It should run with out any errors
(Figure 17).

12



Figure 14: Saving a file.
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ild ¥3,11.5.R - example.in, dir: Ahomesdparent pro

go athena

#

Tine # Toc=0.00 spac=0.10

line % Toc=10.00 spac=0.10

#

line v Toc=0.00 spac=0.02

Tine ¥ Toc=10.00 spac=0.02

#

init silicon phosphor resistivity=10 orientation=100

&

C Interpreter : Enahbled
fdaptive Meshing : Enahled

It is now Thu Mar 7 09:35:19 2002

fthena 5.2.2.R is executing on “eecad1B”

Loading model file “athenamod®... done.
ATHENA >

Figure 15: Initialized run deck.

go atnena
#

line % loc=0.00 spac=0.10
line % loc=10 spac=0.10

#

line v loc=0.00 spac=0.2
line v loc=10 5pac=D“g

#
init silicon phosphor resistivity=10 orientation=100

Figure 16: Change y spacing to .2.
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ATHEM &>

ATHEM&: #

ATHEMA> Tine ® Toc=0.00 spac=0.10
ATHEMA> Tine ® Toc=10 spac=0.10
ATHEMS> #

ATHEM&: 1ine v Toc=0.00 spac=0.2
ATHEMA> Tine v Toc=10 spac=0.2
ATHEMA: #

ATHEMA> 1nit silicon phosphor resistiyity=10 orientation=100
ATHEMA> struct outfile=.historyD2.str
ATHEM &>

Figure 17: Output of initialized Run Deck.

To extract the sheet resistance of the layer go to Commands... Extract and a pop-up like Figure 18
should appear.

Dleckbuild: ATHEMA Extract

Figure 18: Extract Pop-up.

Fill out the pop-up according to Figure 19 and then click write your run deck should look like
Figure 20 .
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Dleckbuild: ATHENA

Figure 19: Extract Rs.

go athena

#

Tine ® loc=0.00 spac=0.10

Tine % Toc=10 spac=0.10

#

lTine v loc=0.00 spac=0.2

line v loc=10 spac=0.2

#

init silicon phosphor resistiwvity=10 orientation=100

#
& utract name="Rs" sheet.res material="Silicon" mat.occno=1 x.val=S %,
region. occhno=1

Figure 20: Run deck for extracting Sheet Resistance at X position 5um.

Run the deck your output should look like Figure 21.

ATHENA: struct outfile=.history03. str

ATHEWA: #

ATHEMA:> struct outfile=stmp/deckbIAAPCalnP

ATHEMW &>

EATRACT > init inf="/tmp/deckbIAdPCalnpP”

EXTRACT: extract name="Rs" sheet.res material="%1licon" mat.occno=1 ®.val=9
region. occno=1

R==10497.4 ohm/square *.val=5

EXTRACT> quit

Figure 21: Extraction Output.
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Note theoretically the sheet resistance should the resitivity of the layer divided by the thickness,
for this case the sheet resistance should be according to hand calculations 10000 ohms even, not
10497 ohms. In reality the four-point probe can only measure sheet resistances up to 30
ohms/square.

Creating a diode by diffusion:

To tell Athena to create a P+/n diode by diffusion go to Commands... Process.... Diffuse and a
pop-up like Figure 22 should appear. Fill out the pop-up according to Figure 23 and click write.
Repeat the same procedure for Figure 24 and Figure 25 Your completed run deck should look
like Figure 26.

To extract the sheet resistance and junction depth of the diffused layer go to Commands.. Extract
and fill out the pop-ups as in Figure 27 and Figure 28. Your run deck should look like Figure 29.

Run the deck, the output should look like Figure 30.

Deckbuild: ATHEWA Diffuse

Figure 22: Diffusion Pop-up.
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Deckbuild: ATHEMA Diffuse

Figure 23: Ramp Diffusion in Nitrogen.




Deckbuild: ATHEMA Diffuse

Figure 24: 60 minute B Diffusion.




Deckbuild: ATHEMA Diffuse

Figure 25: Ramp down Diffusion.




qo athena

#

line ¥ loc=0.00 spac=0.10

Tine ® loc=10 spac=0.10

#

line y loc=0.00 spac=0.2

Tine v loc=10 spac=0.2

#

init silicon phosphor resistiwity=10 orientation=100

#

#

gxtract name="Rs" sheet.res material="Silicon" mat.occno=1 ®.val=5 %
region. occho=1

#

diffus time=13 temp=300 t.final=1100 nitro press=1.00 <.boron=Se21
#

diffus time=60 temp=1100 nitro press=1.00 <.boron=5g21

#

diffus time=40 temp=1100 t.final=3900 nitro press=1.00 <.boron=5e21

Figure 26: Run deck for a B diffusion with Ramp.

Dleckbuild: ATHENA

Figure 27: Extract Sheet Resistance.
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Dleckbuild: ATHENA act:

Figure 28: Extract Junction Depth.

go athena

#

line ¥ loc=0.00 spac=0.10

line % loc=10 spac=0.10

e

line v loc=0.00 spac=0.2

Tine vy loc=10 spac=0.2

B

init silicon phosphor resistivity=10 orientation=100

e

e

extract name="Rs" sheet.res material="Silicon" mat.occno=1 ®.val=9 %
region. occhno=1

e

diffus time=13 temp=300 t.final=1100 nitro press=1.00 <.boron=5Se21
e

diffus time=60 temp=1100 nitro press=1.00 c.boron=5e21

B

diffus time=40 temp=1100 t.final=300 nitro press=1.00 <.boron=5g21

#

extract name="RS Boron" sheet.res material="5iTlicon" mat.occhno=1 ®.val=5 %
region. occno=1

e

extract name="XJ1" xJj material="Silicon" mat.occno=1 ®.val=5 junc.uccnn=L

Figure 29: Run deck for Diffused Diode.
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EXTRACT> init inf="Stmp/deckblLAASCalnP"

EATRACT» extract name="RS Boron" sheet.res material="Silicon" mat.occno=1
w.val=5  region.occno=1

RS Boron=4.88553 ohm/square X.val=5

EXTRACT > #

EXTRACT: extract name="¥I1" =j material="SiTicon" mat.occno=1 w=.val=5
junc.ocono=1

¥I1=3.17339 um from top of first Silicon laver X.wal=5

EXTRACT> quit

Figure 30: Output of Diffusion run deck.

Experimenting with the mesh:

We can use fewer points on the mesh, but this will sacrifice accuracy to see this effect change the
y spacing to 2, and then run the deck. It should look like Figure 31. Notice that the junction
depths and sheet resistance values are difference by a large amount! Since we would like to use
the minimum amount of grid points try refining the mesh until we get close to the valuesd
obtained at a y spacing of .2
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qo athena

e

line % loc=0.00 spac=0.10

Tine % loc=10 spac=0.10

B

lTine vy loc=0.00 spac=2

line v Toc=10 spac=2

B

init silicon phosphor resistivity=10 orientation=100

e

#

gxtract name="Rs" sheet.res material="Silicon" mat.occhno=1 ®.val=5 %
region. occno=1

#
diffus time=13 temp=300 t.final=1100 nitro press=1.00 <.boron=5e21

e

diffus time=60 temp=1100 nitro press=1.00 <.boron=5e21

e

diffus time=40 temp=1100 t.final=300 nitro press=1.00 <.boron=5g21

e

extract name="RS Boron" sheet.res material="Silicon" mat.occno=1 ®.wal=3 %
region. occno=1

rial="5ilicon" mat.occno=1 ®.val=5 junc.occno=1

riest ) lire ) _stop T cont ] run o quit 1 Line: 27
paste ) init  pause ) clear ) restart | kill 1 Stop: Mo

EXTRACT: init inf="/tmp/deckbNadUCalinpP"

EXTRACT> extract name="RS Boron" sheet.res material="Silicon" mat.occho=1
“.val=5  region.occno=1

RS Boron=3.1149 ohm/square ¥.val=5

EXTRACT> #

EXTRACT> extract name="#I1" xj material="Silicon" mat.occno=1 ®.wal=5
junc. occno=1

AT1=4.92873 um from top of first Silicon layer X.val=5

EXTRACT> quit

Figure 31: Relaxed mesh.

Changing the spacing according to Table 1. Table 1 shows the error between successive runs of
the RS and XJ of the diffused layer. You probably did not notice any change in the simulation
time as the mesh was refined because this is still a 1-D simulation. We can see that a mesh
spacing of .25 or even .5 is acceptable.
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Table 1: Refining Mesh.

Y Spacing Rs

(mm) w/d  XJ(nmm)Rs Rel Error Xj Rel Error
0.2 4.88 3.127

2 811 4.9| -66.18852459| -56.69971218
1 5477 3.77] -12.23360656| -20.56283978

0.5 5.01] 3.33| -2.663934426| -6.491845219
0.25( 4.89] 3.12| -0.204918033| 0.223856732
0.125] 4.89] 3.18| -0.204918033| -1.694915254

Plotting the Impurity Curve:

To plot the impurity profile you just calculated, make sure that no text in the run deck is
highlighted. Click on Tools.. Plot and should appear.

ATHENA
Data from deckbABA7 CaOnP

23 3

— *—  Boron {fcm3)
22 = Phosphorus {/fcm3)

— +—  HNet Doping {fcm3)
21 5
20 35
19 5
18 5
17 5
16 5
15 5
1475
1375
12 =

= l:l Silicon
1 LN, L L L L L L L L L L L L L L

0 1 2 3 4 5 6 7 8 9 10

Distance along line

Figure 32: Impurity profile.
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Viewing the extraction results:

You can view all the extraction results by going to the terminal that your run directory is in and
typing more r* in the terminal. You should see a figure close to that of Figure 33.

liii Terminal

Window Edit Options Help

eecadl3y more r#
Thickness=100000 angstrams (10 umd X, wal=h

Rs=10497,4 ohm/sguare X,wal=h

Thickness=100000 angstroms (10 umd  X¥,wal=h

R==10497,4 ohm/square ¥,wal=h

Thicknesz=100000 angstroms (10 umi  X,wal=b

R==10497,4 ohm/square ¥,wal=h

RS Boron=h, 47776 ohm/square  X,wal=h

KI1=3,7739 um from top of first Silicon layer ¥,wal=h
Thickness=100000 angstroms (10 umd  X¥,wal=h

R==10497,4 obm/zquare ¥,wal=h

RS Boron=8,1143 ohm/square X,wal=h

#I1=4,92873 um from top of first Silicon layer H.wal=h
Thicknesz=100000 angstroms (10 umd  X,wal=h

Rs=10497,4 ohm/sguare X,wal=h

RS Boron=h,0134Z ohm/sguare X,wal=h

AJ1=3,33826 um from top of first Silicon layer H,wal=h
Thicknesz=100000 angstroms (10 umi  X,wal=b

R==10497,4 ohm/square ¥,wal=h

RS Boron=4 89666 ohm/square ¥,wal=h

#J1=3,18875 um from top of first Silicon layer X,wal=h
Thickness=100000 angstroms (10 umd  X¥,wal=h

Rs=10497,4 ohm/sguare X,wal=h

RS Boron=4,8771 ohm/square X,wal=h

#J1=3,1816E um from top of first Silicon layer H,.wal=h

Figure 33: Results File.
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Running the Atlas Electrical Simulation:

Once you have created a device you can simulate its electrical and optical properties in Atlas.
Writing an Atlas Deck is extremely hard so the best method is to find an existing simulation for
the examples file and then modify it to the device you want to study.

We will use an NMOS example. To load this in, first save your diffusion run deck and then go to
Main control Examples (Figure 34).

Inilex
T MOE] : MOS Application Examploes
2 MOS2 1 Adwanced MOS Applicalion Exampies
3 HJT : Bipolar sgnlcation Exampies
4 DIODE ; Dinde fpplication Bomples
5 BOI | Apphcatme Examplas:
& EPRO M - Application Exanples
T LATCHUAP : CHOS Latohmip Applicalion Examples.
I ESD - ESD Application Examplis
5 POAER ; Power Device Aggication Examples
10 ISPOLATION : ISOLATION Applications BExamphs
11 MESFET & Application Exampies
VE HET : HET Application Examgles
13 HEMT = HEWT Application Exanples
14 FaslATLAS | FastBlaze MESFET and HEMT Apelication Examnples

T QUANTUM : Device S lakien with Geanbum Mechanics

Figure 34: List of Example Files.

Then click on MOS 1 Examples and then NMOS 1D/VGS Threshold Voltage Extraction until
the exmaples window looks like Figure 35.

27



1 MO51 : MOS Application Examples

1.1 mosiex01.in : NMO3S : ldfvgs and Threshold Voltage Extraction

Reguires: S5UPREMASSPISCES

Bagsic MOS5 ATHEMNA to ATLAS interface example simulating an [dAYgs curve
and exfracting threshold voltage and other SPICE parameters. Mo advanced
features are used in this example so as to demonstrate simple functionality. This
example demonstrates:

# process simulation of a MOS transistor in ATHEMNA

# process parameter extraction (eq. oxide thicknesses)

# autointerface between ATHEMA and ATLAS

 simple [dMgs curve generation with Vds=01v

# parameter extraction for Wi, linear gain (beta) and mobility rolloff (theta)

Figure 35: MOS Example.

Clcik on load example and the sample run deck should appear in Deck build (Figure 36).

4o athena

#

Tine % loc=0.0 spac=0.1
line % loc=0.2 spac=0.006
Tine # loc=0.4 spac=0.006
lTine % 1 0.6 spac=0.01
#

Tine v loc=0.0 spac=0.002
line v loc=0.2 spac=0.005
Tine v loc=0.5 spac=0.05
Tine v loc=0.8 spac=0.15
#

init orientation=100 <.phos=1e14 space.mul=2
#pwell formation including masking off of the rwell
31ffu5 time=30 temp=1000 dryoZ press=1.00 hcl=3
Etch oxide thick=0.02

EF'—WEH Implant

implant boron dose=8e12 energy=100 pears

#
diffus temp=350 time=100 weto? hcol=3
#

f#N—well dmplant not shown —

Figure 36: Sample MOS Run Deck.

Read through the run deck and you will see all the basic steps for fabricating a .5 micron NMOS
transistor with a lightly doped drain. Click run. Notice that after the etch poly left command that
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the simulation slows down considerably. That is because now the simulation is truly 2-D. After
about three minutes a 2-D cross Section is plotted (Figure 37).

AITHENA
Data from mos1ex01_0.str

source N

0 0.2 0.4 0.6 0.8 1
Hicrons

Figure 37: 2-D cross Section of An NMOS.

add how to view mesh junction depth with discussion

Manipulating the View in Tonyplot

The output of Figure 37 shows a contour plot of the doping. The orange areas are mpre highly
doped than the blue areas. The junction can be seen by the purple line, but can be hard to see
with this view.

To view the manipulate Tonyplot go to the Tony Plot window and left click on plot. A pop-up
like Figure 38, should appear.
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» Tonyplot: Display (2D Mesh)
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Figure 38.: Plot Window

Unselect Xj and Contour buttons as in Figure 39 and click apply. Your figure should look like
Figure 40.
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Figure 39: Delecting Xj and Doping Contour.
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Figure 40: Results of deselecting Doping Contour and X

Select mesh and Xj as in Figure 41 and click on apply. Your figure should look like Figure 42.
Notice how the mesh is finer in the gate oxide region and the junction near the channel.
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Tonyplot: Display (2D Mesh)

EeMERE S

Apply ) Resst | Dismizs | Define + |

Figure 41: Selecting Mesh and Xj.
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Figure 42: Viewing Mesh and Xj.

To view a doping profile in the middle of the channel go to Tools ... Cutline in Tonyplot. A pop-
up like Figure 43 should appear.

Draw a vertical line done the middle of the MOSFET and you should see the results in Figure 44
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Figure 43: Creating a Cutline to View Doping Profile.
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Figure 44: Output of Cutline.

To see the Phosphorous and Boron doping concentrations click on the doping profile window
until a white line surrounds it. Then go to Plot Display in Tonyplot and a pop-up like Figure 45
should appear. Select Boron and Phosphorous and click on apply. You should see the results as
in Figure 46
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Figure 45: Selecting to View Boron and Phosphorus Doping Concentration.
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Figure 46: Viewing Boron and Phosphorous Doping Concentration.

Go to Tools... Ruler and draw a box around the poly silicon gate to measure the as drawn gate
length of the MOSFET.
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Figure 47: Using the ruler to measure the as drawn Gate Length.

To measure the effective channel length under zero bias Use the cutline tool to draw a horizontal
line across the channel as close to the gate oxide as possible. Draw a ruler from where the
junctions are (Figure 48) and you should get a channel length of about .4mircons.

* g | )

msy o ma ¢
e wma
mm oam om H
o mmErE; o a3

1 [[E 9 |uw:

it =

T o o o o
o [ EE] Lr EE] i

Figure 48: Effective Channel length.
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View the electrical simulation results:

After a few more minutes plot of VG tied to VD vs ID is plotted (Figure 50). The VT, KN and
theta are all extracted from the curve in the run deck window (Figure 49).

nwt=0.507118

EXTRACT: extract name="nbeta"
clopeimaxslope{curvelabs(y. "gate"d abs(i. "drain"223) =

{1.0/absCavely, "drain"33]

nheta=0.00025345

EXTRACT: extract name="ntheta" [{max{abs{y."drain"d) *
$'nbeta" i maxfabs{i. "drain"23) — 1.0 / {max{abs{v."gate")) — ($"nvt"323
htheta=0.133788

EXTRACT> quit

Figure 49: Extracted NMOS parameters.

The Atlas Report states that it only used 2 minutes of real time (Figure 52). Reduce the spacing
by as in (Figure 53) and re-run the simulation. The simulation time shoots up, but the accuracy
remains the same. Re plot the grid and you will that the mesh is finer.

Sometimes you want to read a specific point of the graph. This can be done by going to Tools...
HP4145. You can move the cursor to each data point (Figure 51). You can also draw line to
extract the x intercept of a MOSFET curve in the saturation regime (Lambda).
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Data from mosiex01_1.log

Se-05 ™ *——  Drain Current (A)

Je-03 —

ze-05 —

1e-05 —

Figure 50: VG, vs. ID (VD=.1V).
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Figure 51: Using the HP4145 function to view individual points.

36



ATLAS version 5.2.1.R finished at Thu Feb 5 22:19:04 2004

real 2:03.5

user 1:46.0

SYS 0.5

Figure 52: Time used.
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Tine % loc=0.6 spac=0.009
#

Tine v Toc=0.0 spac=0.001
Tine v loc=0.2 spac=0.004
Tine v loc=0.5 spac=0.04
Tine y loc=0.8 spac=0.05
H

Figure 53: Refined mesh.
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Exercises:

Adapt the NMOS example file to have a threshold voltage of .25Volts.

Adapt the NMOS example file to produce a channel length of 1 micron.

Make sure to save each run deck under a different name. | will need to see the run deck and the
plots.
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Chapter 2: Cross Sections of
Process Flow

This Chapter will go over:
1. Setting up your account
a. Design Entry through schematic capture
b. Create INV schematic capture
c. Create INV symbol

d. Create INV Test bench

2. Simulation using CDS’s Spectre (Bsim3 model simulator, different underlying algorthyms
than spice or hspice)

Initial Substrate

The initial substrate is (100) Si doped with phosphorus to 4x10*cm™ as can be seen in Figure 54.
Since the doping is the same every where on the wafer, we can get by with a 1-D representation

of the process.
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Figure 54: Initail Substrate.
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Screening Oxide:

An Initail screening oxide is grown at 11000C (dry O2) for 30 minutes to protect the wafer during
travel around the lab, and to the Implant-Center. It also acts to randomize the ion-beam used to
dope the wafer. Dopant pile-up can be seen at the interface of the oxide in Figure 55.

»¢ TonyPlot ¥2.7.7.R
Filse ¥ ) View ¥ Plot ¥ Tools ¥ Print ¥ ] Propsrties ) Help 7
v a ATHENA
a4l ol» Data from mos2.str
RV
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Het Doping {fcm3)
15
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13
12
Silicon
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11 T [ T T T [ T T T [ T T T [ T T T [ T T T [ T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Distance alung ine
Loading file fhomesdparent/cmos/mos2,str ., 0K B SILWACO International 2000

Figure 55: Screening Oxide.

NWELL Implant:

The substrate is too lowly doped to have a useful PMOS threshold voltage we implant
(DOSE=1el11, ENERGY=140keV SP=P, Tilt=7, rot=0) All across the wafer to bring up the
doping level.
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PWELL Implant:

The substrate is n-type, we have to selectively (selectively means PL operation with MASK1)
implant a PWELL (Implant DOSE=3e13 Energy=100keV Species=b11, tilt=7, rotation=0) to
bring the p-type doping up to the required level. In Figure 56, we can see the doping distribution
of the P and the B.
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Figure 56: NWELL and PWELL Implants.

Field Oxide Growth:

The next step is to grow a field oxide over the entire wafer. The oxide will be thicker over the n-
substrate than the PWELL because the screening oxide was not etched away from the n-substrate
regions. This oxide is grown at 11000C for 30 minutes in steam. The dopant redistribution can
be seen in Figure 57.
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Figure 57: Field Oxide Growth.

Well Drive:

After the Field oxide is grown, we need to drive in the dopants so that the dopant concentration
near the surface is correct and that the junction is deep enough to prevent latch-up. his is done at
11500C for three hours in nitrogen. In Figure 58, We can see that the junction depth has moved
out to 2.2 microns.
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Figure 58: PWELL after Well Drive.
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Appendix A: Grabbing an
Image for documentation

You will want to save some of your outputs and designs an image that can be imported into a
word-processing program. This instruction will show you how to grab an image and save it to a
floppy disk for importing into a document or just plain printing.

Start CDS (for example) tools and open up the figure or plot you want to save an image of. For
example, use the inverter layout as in Figure 59.

You will need to add some text to identify the image as your own. In the layout tool you create a
label, in the schematic tool you add notes. In the layout goto Creat.. label. Fill out the pop-up like
Figure 60. Except change the info to your name!
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Yirtuoso® Layout Editing: AMI16 INY layout
X: -208 ¥: 32.0 (F) Select: 0 dx:

dy: Dist: n 3
Tools Design Window Create Edit Verify Connectivity Options Route NCSU

&

Eh

mouse L: H:

=

Figure 59: Grabbing the image of your inverter layout.

Ok Cancel Defaults Help

Label(s): David Farent EE-16R

=N

Height:

Foht i =ik Justification: _erteft Transformation: Hone

Create l[abel array Spaning (XY (5 0) Overbar H Layer &m

Figure 60: Creating a label.

The software thinks each work is a separate object so click down with the left mouse button to
place each word you want displayed, like in Figure 61.
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Yirtuoso® Layout Editing: AMI16 INY layout
2

X:-20.0 ¥: 31.2 (F) Select: 0 dx: 4.0 dy: 18.4 Dist: 18.83
Tools Design Window Create Edit Verify Connectivity Options Route NCSU Help

“
—[ mouse L: M: R:
—. | Select label origin

Figure 61: Inverter with text.
You will need to start the image grabber software which comes with the Sun OS.

Right click any where on the screen that is not an application. You should see a pop-up like
Figure 62. Highlight Applications and come down to Snapshot like in Figure 63. Left click on
Snapshot to start the program. Pop-ups like Figure 64 and Figure 65 should appear on screen.
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Figure 62: Starting Sun's Snapshot.

Figure 63: Starting Snapshot continued.
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Image Yiewer — Snapshot

Figure 64: Setting up Snapshot Features.

Fill out the pop-up according to Figure 64.

Image Viewer — (None)

Figure 65: Snap Shot File Manager.

Left click on Snap, and then left click on the inverter image before the beeping ends. After some
time the Snapshot file manager should display an image like Figure 66.
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File Edit View Help
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Virtuoso® Layout Editing: AMI16 INV layout
X:-34.0 ke (F) Select: 0 X dy:

Tools Design Window Creaie Edit Verify Conneclivity Options Route HCSU

/ mouse L: showClickInfo() M: mousePopUp () E: doCreateLzbels()

Figure 66: The image of the inverter.
In the Snapshot file manager goto File... Save as. A pop-up like Figure 67 should appear.

Make sure you select TIFF as the image format. Enter in the name of the image file you want to
save. Make sure you enter in the .tiff extension like in Figure 67.
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Image Viewer — Save As

Shome/dparent.

AdobeFnt.lst

CD5log

CD5log.1

CD5.log.cdslck
i DRE_CDS.log
.artist_states DRE_CDS.log.1
.cdpcache FM2.399
.cdsdoc TEST

Figure 67: Saving the image.

Start the file manager by right clicking anywhere on the screen that is not an application. You
should see a pop-up like in Figure 62. Goto Files... File Manager to start the file manager. You
should get a pop-up like Figure 68

File Manager — eecad 1 0:dparent

Figure 68: Starting the file manager.
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File Manager — dparent

Figure 69: File manager showing TIFF file.
Scroll down until you see your inv.tiff image like in Figure 69.

In the file magager window goto file... open floppy like in Figure 70.

File Manager — dparent

Figure 70: Opening up the floppy drive.

Draw a rectangle around the figures you wan to copy and drag an drop them into the floppy
window like in Figure 71. Note: Figure 71 is showing more files than you will have if you follow
this tutorial.

Now you can print the TIFF image or import it into Power Point or Word, for a professional
looking document. You could even start writing Cadence Tutorials yourself!
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File Manager — no_name

Figure 71: The floppy drive with the inverter images.
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