VWF

Virtual Wafer Fab

VWEF is software used for performing Design of Experiments (DOE) and Optimization Experiments. Split-lots can be used in various pre-
defined analysis methods. Split parameters can be defined for any of Silvaco’s process, device, parasitic extraction and circuit simulators.
All simulations can be carried out in parallel either on a cluster of workstations or on a single SMP machine. VWF comes with a GUI, that
also enables examination of experimental results.

Key Features

VWEF can represent an entire flow from process simulation to
spice circuit performance, or just part of the flow

Any mix of masks, process parameters, device parameters,
circuit parameters or tuning coefficients can be defined as
input variables

Experiments can be defined by varying the input parameters
automatically via a DOE such as Box Behnken, via an
optimization algorithm like Levenberg-Marquardt, via a user-
definable script or manually

Powerful scripting interface allows to fully customize DOEs, to
run experiments in the background and to compute complex
optimization target functions

Process characteristics such as oxide thickness, device
characteristics such as a threshold voltage, or circuit
characteristics such as rise time can be measured from the
entire flow

Each experimental variation can be run on a network of hosts to
shorten simulation time

Response models can be generated over the experimental
spread and then input parameters can be rubber banded to see
the effect on output responses

A full worksheet of input and measured output responses can
be exported to Spayn for additional statistical analysis, or to
TonyPlot for viewing purposes

Advanced security features allowing fine-grained access
control

Database Manager
e Archive all experiments and results in a powerful SQL-92
compliant database

¢ Supports the Silvaco SRDB database to backup and restore
databases easily

e Supports both database and file mode data storage
environments

e VWF Tar Import/Export — Smooth process to move an
experiment from one database to another database

e Supports multiple databases

e Access to multiple databases through a user name and
password

¢ Externalfilesusedintheinputdeckareloadedinthe database
using the resources menu

(W VWE Explorer =T
File Edit View Help

|| # [EFolders H[E ) j‘ﬂl‘:ﬂanna(h WIS _upivT 5|
@ lannach:vwf_secl .
@ lannach:wwf_demol
9 lannach64:vwf_secl [ Baseline base EE3

3 lannach:wwf_sec2
@ lannachG4:vwf_upl
3 lannach:wwf_test_book

Solve vgate=0 vstep=0.25 vfinal=3.0 name=gate =l
save outf=moslex01_Lstr
3 lannach:vwi_examples
@ lannach:vwf_test_v5
@ lannach_testvwi_examples
3 lannach:vwi_examples_rest
@ lannach:baseline_2012
@ lannach:vwf_tpb_5
3 lannach:wwf_v5_uk
@ lannach:vwi_v6_test
= G lannach:vwi_v5_up
m

# plot results
tonyplot moslex01_1.log -set moslex0l_1_log.set

# extract device parameters

extract name="nvt" (xintercept(maxslope(curve(abs(v."gate"),abs(i."drain") \
- abs(ave(v."drain")2.0)

extract name="nbeta" slope(maxslope(curve(abs(v."gate”) abs(i."drain")) \
* (1.0fabs(ave(v."drain"))

extract name="ntheta" ((max(abs(v."drain") * §"nbeta")y/max(absi."drain")) \
- (1.0 / (max(abs(v."gate") - (§"nvt"))

quit J

import.. | Export.. | cvs.. | Deckduid | oK |

- Jexamples
%-(Jexamples_old

|demo [Free space : 853.0 MB [ VWF Copyright © SILVACO, Inc.

Input decks can be loaded from files, or pasted from another direc-
tory in the same database or imported from another database.




Split-Lot Manager

* Allows selection of variables where a design split will occur

 Design split points may occur at any stage of a complete process flow (i.e layout, process, device, parasitic extraction and spice)
* Resultant split tree is visually displayed

e Each leaf of the design tree may be selected to provide information on the simulation runtime output or to plot the current structure for that

% WE Explorer -ox
o e
le Edit View Help
@ [RFoiders ||| 7 71 73| [[annach:vwi_vs_uprexamples/vwfex0z/vwfex02 | —
o] = ‘ | % [uFolders H”ij E‘Ulﬁ\anna(h VWi_45_uplexamples/ewfex02 K|
E-0lvwfex02 2] Y ) Y -
= diffus tine=11 diffus time=5.5 diffus time=16.5 - Cr— B
= @diffus fime=11 & [lwtexce vafex(2_base
- diffus temp=025 - ddiffus time=11
7 kﬁ\gi;’;:"ﬂ:e: Experiment Tools Help = @difus temp=025 ez e Ik
N B lant dose=0.5
@implant ene| || 2[] > Ol @wg;m‘a;s;ey ] File Edit Experiment Tools Help
& @@implant dose=+ _ p\ o Z @ 9|k &
@implant end  Description | Resources | [Beck] | Tree | Worksheet | Jobs | SpitPlot Worksheet QG“MD':NM?@;S 1e]]= > ajl
- @implant dose=4.
@implant ene @im - ]
plant energy: Description | Resources | Deck | free! | Worksheet | Jobs | SpitPlot Worksheet
& @@implant dose= {3 Deck editor
@jmplant end  [ETCHox@E AT - Gimplan ey |
@implant enel  |# E-@implant dose=142 Fragment Status z2
£ diffus temp=850 #gate oxide grown here:- 312::::: :::::
E = diffus time=11 t =025 dryo2 =1.00 hcl=3
@‘g‘\:,::’:,:;e s tme=I1 tmp yo2 press: cl u S @ difus temp=850 T [Root]
- @implant dose=] | Extract a design parameter = @3implant dose=4.75 ‘ ‘
@implantene| | extract name="gateox" thickness oxide mat.occno=1 x.val=0.05 “@implant eneigy: . s el
& @implant dose= = @implant dose=142 T T
@implant end| # @implant energy:
#t adjust implant & @implant dose=0.5¢ I | [ | [] |
o Muﬁg"r:;j};ge implant boron dose=0.5e11 energy=10 pearson @miant eneoy s o]
= @implant dose={ |, " @implant enery-
@implant end o = = @difus temp=1000 .
& @implant dose= depo poly thick=0.2 divi=10 £ @implant dose=4.75, - implant dose]
@implant ene| Name Block [Type [ Value ﬂ q — ;H M
= @implant dose={ |1 _[time difus [Boube =] 1 F A A A A A A A A A O O A A o
plant enerc
gmu\anrene temp diffus [Double - 925 =
implant ene ——
=+ &@ifus time=5.5
g Lﬂcigus temp=850 | Ready [Finished [O [Free space : 853.0 MB | VWF Copyright © SILVACO, Inc.
= @implant
Y ——
H | Ready [Finished O [Free space : 853.0 MB [ VWF Copyright © SILVACO, Inc.
[demo Free space : 853.0 M8 [ VWF Copyright © SILVACO, Inc. y
Split parameters are defined graphically for any type of simulator. Access experiments through an explorer or tree view graphic.

Experimental Design Generator

* Shows selectable list of available variables on which split-lots can be performed
e Each split may be chosen independently or based on DOE

e The DOE choices include

- Full factorial and partial factorial orthogonal designs
- Box Benkhen, Face Centered Cubic and Circumscribed Composite designs
- Linear random and latin hypercube designs
- Gaussian random design
e Scalar and vector optimization can be done using multi-threaded GA and LM optimizer

 Sensitivity analysis where each selected variable is varied +/- a defined percentage

 Design generator fills in the split-lot tree with all selected variations after selection of the range for the DOE

b 4l Experiment design

1l 2 Level Full factorial -

Variable [initial  [Low  [High |

1 [ diffus time 11 5.5 16.5

Design of Experiment Generator. The DoE is 2™ diffus temp 925 462.5 13875
selected from the pull down menu. 3 | implant dose 9.5e+11 4.75e+11| 1.425e+12

4 [ implant energy 10 5 15

Replace existing I Add to existing Cancel |




Scripting Interface
* Extensions of DOE capability

 Allows to implement DOE strategies in JavaScript

e Supports execution of experiments in the background without the need to start the GUI (batch mode)

e Allows to use shared libraries to interface functions of the underlying C and math libraries

Variables | Script |

oo |alel 8z | @0 o]l =] e
2.7.1.R/x86_64-i fis/Ihd.j

bl Select a dynamic library file to use

Look in: IJ.ufsire.u’alphajlihu’vwf.u?.?.l.Wx86_64—linux.n’js.l’

=] « @& ek [

=

*The code is an implementation of the algorithm described in:

T
2
3
2
5 * Orthogonal-Maximin Latin Hypercube Designs
6 | * V.Reshan Joseph and Ying Hung

7 * School of Industial and Systems Engineeting

8 * Georgia Institute of Technology

9 * Atlanta, GA 303320205, USA

0 - h.edu and h.edu

14 | *This script needs some functions from the Clibrary, which are not directly available in
15 | * JavaScript. These functions are:

17 | * srand)
18 | “ rando
19 “ timen

<« |
0 Enror(s), 0 Waming(s)

/* JavaScript implementation of a “Orthogonal Maimin Latin Hypercube” DOE algorithm.

i

Ln 586, Col 1

(Compilation succeeded : 0 error(s), 0 warning(s)-

Console_| Compilation

Compile Script done.

Replace existing | Add to existing| _Cancel

File type: | Dynamic Library (*.s0)

] wwi_js_setup.so

File name: ||

[~ Keep as default library to use

j Cancel |

4

JavaScript editor displaying an advanced Latin-Hypercube algorithm.

Network Job Controller

e VWEF supports ORACLE grid engine and Open Grid Scheduler

e VWEF supports LSF (Load Sharing Facility)

 Controls distribution of simulation jobs across the network

e Displays all machines on the network

Defining a shared library to load.

e Shows a complete list of all jobs in the simulation queue for all displayed machines

e Shows the state of each machine to be controlled

e Allows selected jobs to be canceled from the queue

e Controls number of jobs sent to a single machine at any one time (for multi-cpu machines)

V]
File Edit View Help

S

| ¢ [ZFodes [[2E2 ;‘Mjlannam VW_V5_uplexamples/vwiex02/vwfex02

|

=-Uvwfex02
= @diffus time=11
=@ diffus temp=0;
= @implant d
@@implant| | -Manage Preferences Grid
@implant| | 5-Application
= @implant de Shortcuts
@implant Toolbars rProfiles
—@@implant| | 7 Tools Local El New... Copy... Delete
= @implant d Spayn _New. | Copy.. | _oelee |
~@implant Tonyplot Queue system : local
@implant Tonyplot 30
= @@diffus temp=8: MaskViews [~Settings for current pr
|| e = N -
= @implan d Smanview maxobs 2 = £2a¥oN -+ Cluster Queues
@@implant Experiment e % g = " . :
= @implant d Properties Remove RID 28 luster Queue Control
@implant| DOE Tree EnNGING
—d@implant| Deck Editor :
- @ifus temp=1 Cluster Queues ] Queue Instances Hosts Refresh
= d@@implant d Script Editor e
gﬂl‘mplzm cwm Host CLUSTER QUEUE CGLOAD USED  AVAIL TOTAL aoACDS cdsuE s
=-d@implant (Grid —'
@implant| | Registered Filetypes. allg et [ o [0 s [ o ) o o Custormize
& @implant d Spe linux-32-of-peak.q loos | o o |8 |8 0 [0 ) Done
o Qg\mp:an: pimizer ‘ z ‘ linux-32. 003 0 4 4 0 0 o o Help
@implant 1 I L |
& @i ime-s.5 o linux-64-of-peak.q 085 0 ] 18 8 0 o | o
= @@diffus temp=8: Max queue jobs. linux-64.q 088 5 3 n 6 0 0 0 Add |
< S 0 ‘ linuxq lom | o 0 | e [ 22 o |o Clone
solaris-of-peak.q Lo 0 o |~ 0 2 o o
Solaris.q oot 0 0 1 ] 1 0 0 Modity
Delete
7 Save these settings on exit oK Aooly P —

Set up CPU numbers on multi-CPU machine when the local queue is used.

Grid-Engine Cluster Configuration.




Split Plot Worksheet

e Extension of Interactive Worksheet Editor

 Different view at worksheet allowing to filter by file-type

e Multiple selection of several files to plot

e Data can either be plotted in a single TonyPlot window or several TonyPlot windows can be opened - one per file

Drain Current vs. Gate Voltage shown for 4 different process
parameter combinations. Curves correspond to the selected
cells 8.2, 8.5, 8.6, and 8.9 (red, green, dark blue, light blue).

Interactive Worksheet Editor

Drain Current (&)

ATLAS OVERLAY

Data from multiple files

6008
5006 —|
4008 —
- T qoialog 682)
3206 104Nalog (8.5)
] > 10Nalog_8.6)
104Naog_(8.9)
2006 —|

Desciiption | Resources | Deck | Tree | Worksheet | Jobs | SpitPlot Worksheet |

2 Drain Current (&)

1 B B 4 [s [s 8 o=
! 5h.09943_(5,1)  deckmlin | 5h.00945
deckmlin_(5.1) nmos.sec (5,2, 5h.e9045_
nmos.sec_(5.1) 'sh.09044_5,2 nmos.sec
185 165
resuits.final (5,1 resault.final (6,2 results.final_(6,¢ resultsfin:
6 diffuse time |sh.e9960_(5,1)  deck-ml.in 5h.e9962_(6,6) deck-mlin
deckmlin (6,1) nmos.sec_(6,2) 5h.09962._(6,6) $h.00963.
nmos.sec_(6.1) 'sh.e9961 (s deckmLin (6,6 sh.e9963
h.09960 (6,1 sh.09961 (s nmos.sec_(6.6) nmos.sec
DR 15er12 1350112 L65er12 135412 165412 135412 165012 135e+12 L65e+12 135
5 25 25 275 275 25 25 275 2
10iNalog (5.1) 104Nalog (5,3 104Nalog 104Nalog (5,7) 'sh.el0500_(5.6) o) [sh.e10623
resuits.fina_(5,1) sh.09994_(5,2)  results.final_(5 54) results final_(5,5) (5,5 resalt.final_(5.7 10iNa.og
101N.Iog_(5.1) 10N.Jog. (5 ) 101NJog 5, resuits.fin
102Nb.og (1) 102Nb.log_ 01NJog
5h.29993(5,1) deckmin $h.010374_(5,5 102Nb.log
8 implant energy|deck-mlin_(5,1 deckemlin (5.5 decmlin
105Na.og (1) 105Na.log
103Nallog (1) 7 5 103Na.log
rmos.sec_(5,1) sh.e9994 103Nb.log (5,5) sh.ol0123._(5 = (5.5 |103Nalog (5.7) 103Nalog (5.5 nmos.sec.

* Display in the worksheet the variations of input parameters

¢ Additional splits may be added into the worksheet for simulation

¢ Selection of splits may be enabled or disabled before being simulated

¢ Results can be selected to be exported to TonyPlot for visualization purpose

¢ Results can be selected to be exported to Spayn for further statistical analysis

¥ lannachivt_doe =
File Edit Experiment Tools Help
J @2k Ol
Description | Resources | Deck | Tree | Worksheet Ijubs | SplitPlot Worksheet |
diffus time [ diffus temp _[implant dose [implant energy [gateox [nxj  [n++ sheet tho [Idd sheet tho | chan surf conc [sheet cond v bias
1| 10 100.163 0.174287 29.0937, 2176.85  3.73448e+16 ™
2 00162 01220 : coc  gcoupee L
B
3 File Edit View Tools Simulation Help
] & E]e 5L L]k & B
o ime [reme [dose [eneray [gateax i it sheet tho_[Ic=
E_ 1 | 1.100e+01 9.250e+02 9.500e+11 1.000e+01 1.002e+02 1.743e-01 2.909e+01
ol [2 | 1.100er01]  0250e+02]  0.500es11]  5.000e+00  1.002e+02 1744001 2.000e+0L
ol 1 [3 |  1100er01]  0250e+02]  0.500e+11]  1500e+01  1.002e+02 1730001 2.010e+0L
T 4 | 1.100e+01 9.250e-+02 4.750e+11 5.000e+00| 1.002e+02 1.744e-01 2.909e+01
T 5 | 1.100e+01 9.250e+02 4.750e+11 1.000e+01 1.002e+02 1.744e-01 2.909e+01
e [6 |  1.100er01)  0250e:02]  4.750esll|  1500e+01  1.002e+02 1737001 2.010e+0L
| [7 | 1100er01)  0250e+02]  1425e+12|  5.000e+00  1.002e+02 1744001 2.000e+0L
? 8 | 1.100e+01 9.250e+02 1.425e+12 1.000e+01 1.002e+402 1.742e-01 2.910e+01
e | [0 | 1100er01]  0250e+02]  1425er12[  1500e+01  1.002e+02 1723001 2.010e+0L
e 10| 1.100e+01)  4625e+02]  4.750es11]  5.000e+00  2.000e+01 1875001 3.043e+01
sl 11| 1100e+01)  4625e+02]  4.750e11]  1.000e+01  2.000e+01 1875001 3.043e+0L
F [12 | 1.100e+01 4.625e+02 4.750e+11 1.500e+01 2.000e+01 1.869e-01 3.043e+01
ol 13|  1.100er01)  4625e+02]  0.500e11]  5.000e+00  2.000e+0L 1875001 3.043e+0L
Em [14 | 1100e+01)  4625e+02]  0.500e+11]  1.000e+01  2.000e+01 1874001 3.043e+01
‘] lT 1.100e+01 4.625e+02! 9.500e+11 1.500e+01 | 2.000e+01 1.863e-01 3,044e+014'ﬂ
‘ It
| SPAYN 2.8.0.C Copyright © 1984 - 2011 SILVACO, Inc.
o 4

The worksheet can be directly sent either to TonyPlot or Spayn
for subsequent statistical analysis and RSM generation.




Security Features
e VWEF allows to define read/write and execute permissions for every directory and experiment in the system

e Experiments can be shared between several users in the database
e User groups can be used to define the same permissions for several users

e One pre-defined superuser allows to change ownerships and permissions for all users and groups

Edit Permissions for, Directory REMOTE
Name | Read |Wr1'te | Execute | Info |
& Design cd r r manager, designer, project_leader
&5 Analyze I r r manager, reporter, statistician, project_leader
&% Taskforce ~ r r boss, manager
& admin ~ ~ ~ Owner: Superuser Security dialog showing several
@ tiet |7 |7 v Superuser groups and users.
& thomash I r r
& demo I r r
& visitor cd r r
& boss I r r Taskforce
@ manager v r r Taskforce, Design, Analyze
@ designer I3 r r Design
@ project_leader ¥ r r Analyze, Design
& statistician W r r Analyze
& reporter I r r Analyze
™ Recursive 0K I Cancel
4

Powerful Import/Export Capabilities
e VWEF allows to export a whole experiment from the database into an external TAR representation for inter-site exchange or to open
the experiment in VWF filemode

e TARfiles can be imported into the database as experiments
e (SVfiles can be imported to define a DOE
* Worksheet can be exported into CSV

e Simulation decks can be imported from an existing CVS repository

~ tjlx2545.Silvaco. COM:tutorial_01 =][=][*
File Edit Experiment Tools Help

IENEN=EY =]

Description IResources |De(k |Tree |Wnrkshee[ jj

<
=]

Name tutorial_01 Option
Experiment tutorial_01 is exported to a zipped TAR file. ?pe EOEM I Create Archive
The result can directly be opened in VWF filemode or i P ¥ Resources
the file can be imported into another database. [Base Dir | fmp/Tutorialtutorial_01 10001 I Rz
Creation Date |Thu Jun 23 10:31:35 2011 ¥ Results Files
Last Change [Thu Jun 23 10:48:29 2011 —
Description I S
Archive destination
I Browse
Logging
Cancel

Finished [O | vWF 2.8.0.R Copyright © 1984 - 2011 SILVACO, Inc.




File Edit View Help

VWE Explorer

'8 Open Database ... ]“Jl [ 11jlx2545.Silvaco.COM: Tutorial/Import j‘

" 3 Close Database

jutorial
Login

Legout

Import single file

Change Password ...

New *  Batch...
Open Upgrade...
[A] Rename 2]
& Delete Del
Exit

vE

Look in |Jfs\refalpha}examples!vaZ.B.l}.Rl j < (w3

@.
[ 1dump

[] vwfex02.tgz
[] vwfex03.tgz
[ vwiex04.tgz
[ ] vwfex05.tgz
[ ] vwfex06.tgz
[ ] vwiex07.tgz
[ ] vwiex08.tgz
[ ] vwfex09.tgz
[ ] vwiex10.tgz
[ ] vwiex1l.tgz
[] vwiex12.tgz
[ vwiex13.tgz

File name: vafexOlAtgz

File type: IAr(h\ve files (".tar.gz ".tgz) j Cancel

[ VWF 2.8.0.R Copyright © 1984 - 2011 SILVACO, Inc. y

Batch import

I :Show full path

Add Directory

]

.
Importing a single TAR file.

Select a file to import as DOE

lexp_for_ DOE_BB12.xml

Clear

0

Look in: |23 fexport/datal ftjet/VwiData/WORKSHEETS/

I -

Name Status Add File(s) .
W tutorial_OL.xml L) (] DFM_worksheet.csv
= ex03.xml Importing ... Remove [] sens_wks.csv

Import
Abort
Save Report
[~ Use Base Dir: | File name: Ivr_doe.csv
Close File type: | CSV (*.csv) |

Cancel

=-=athena
i-(=athena_ld
i~(=-athena_adaptmesh
i~l=athena_advanced_diffusion
-(=-athena_calibration
-(=-athena_complex
-(=-athena_compound
-(Zathena_diffusion
(=athena_elite
i~(=-athena_implant
+-=athena_misc
i~(=-athena_optolith
-(=-athena_oxidation
== athena_stress
=lanstex0L.in
|=lanstex02.in
=lanstex03.in
=-Evictoryp

[Zlvpex02.in
=lvpex03.in
- Elvpex04.in
- =lwpex05.in
~Slvpex06.in

Importing CSV file to define a DOE.

|5)./decks/athena/athena_stress/anstex0l.in | = ./decks/victoryp/vpexOL.in

# Victroyprocess example 1 - 3D process simulation
# illustrating structure initialisation, mask handeling
# geometrical etching and deposition

# ion implantation and diffusion

# Silvaco 2007

#

go victoryprocess

#initial structure define the material and the simulation box

Init material="silicon" boxmin="-0.4,0.5,0." boxmax="1.6,2.1,1.5" resolution="0.1,0.1,0.1" initHeight=0.5

# Load the mask file in ".lay" format is being used.

LoadMask maskfile="vpex0L.lay"

# Deposit silicon using mask layer "comer”

GeometryDepo material="silicon” thickness=0.4 mask="Cormer"

# Export the data into tonyplot3D format

Evnnrt hacanama—"unavil_1"

oK | Cancel LIJJ

Importing deck from a CVS repository.




Result Analyzer = Histogram Plot
* RSM model generation 5.5 P(x) = 0.0073d%exp (- (x-790)*2/5.91e+03}
' ' ' ' Mean - 790
- T N - 10. 00 B = .4
* Interactive model visualization y I ohm
§ 8,000 - = 0.823
e . 8
hd Sensmwty anaIyS|s g 6.000 I _
o
. g 4.000 B —
* Process synthesis 5
a 2. 000 - |
@
e Yield ana|ys|s E o oo M : ; : | I
0. &00 0,650 0.700 0. 750 0.800 0,850 0. 900 0. 950 1. 000
.. . . . . Freq(E+3)
hd Optlmlzatlon results visualization
Fit: Normal ll Auto Fit Annotate... | Inverse normal | Cumulative Custom Plot...
X: Freq T = = !
— Statistical Summary |
4 Export...
| pwell_field( ngateox n++ xj Id utmost_Id | vt beta subvt
#Points gl 4 4 4 4 41 41 41
Distribution Constant | Normal Normal Normal Normal Normal Normal Normal
Minimum 3.500e+02) 1.083e+02| 2.597e-01) 5.412e+03| 5.412e-01 5.315e-01| 7.096e-04 §.617e-02
Maximum 3.500e+02| 1.366e+02| 3.120e-01) 6.404e+03| 6.404e-01) 8.328e-01| 1.036e-03 9.842e-02
Statistical summary as well as histograms are available in Spayn Mean Value 3.500e+02)1.227e+02| 2.832e-01 5.910e+03| 5.910e-01 6.917e-01| 8.518e-04) 9.196e-02
. ry . g p y Standard Deviation |0.000e+00| 8.915e+00| 1.545e-02| 3.136e+02| 3.136e-02| 7.592e-02| 7.837e-05| 2.646e-03
for of all variables (i.e process parameter) and corresponding Coeff. of Variance _D.00% | 7.27%  |5.46%  (5.31%  [5.31%  |10.98% [9.20%  |2.88%
extracted parameter (i.e Ring Oscillator frequency). Skewness N/A -7.896e-02| 4.333e-01-2.423e-02-2.423e-02-1.731e-01 3.680e-01| 2.413e-01
Kurtosis N/A -3.320e-01-2.793e-01/-3.338e-01|-3.338e-01/-9.994e-01|-5.230e-01-3.097e-01
Median 3.500e+02)1.228e+02| 2.818e-01) 5.912e+03] 5.912e-01 7.059e-01| 8.406e-04 9.167e-02
Upper Quartile 3.500e+02) 1.228e+02] 2.835e-01] 5.912e+03| 5.912e-01| 7.610e-01| 8.926e-04 9.388e-02
Lower Quartile 3.500e+02) 1.228e+02) 2.801e-01] 5.911e+03/ 5.911e-01| 6.393e-01| 7.960e-04 9.005e-02
InterQuartile Range |0.000e+00| 3.000e-02] 3.376e-03| 2.100e-01] 2.100e-05/ 1.216e-01] 9.659%e-05| 3.828e-03
4 Export... OK
v
—| Tonyplot ==

File Edit Plot Tools Production Help
Imesagad®ia|BE
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RSM generation done in Spayn and then visualized in TonyPlot.
The ring oscillator frequency is shown as a function of process
parameter (gate oxidation time and Vt implant dose).

gateoxtime

Tonyplot 3.6.20.C © Silvaco 2009
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Correlation Matrix

nwelldose
gateoxtime
. vtadjust
Correlation between user selectable deltacd

parameter is available directly from Spayn.

N-lin_RMSer
N—lin AVGer

r_Matrix
ngateox |n++ xj vt idsmax | pgateox | p++ Xj pvt pidsmax | Freq

pwelldose —0.0011] -0.9891 0.2793] —-0.2336| -0.0000( —0.0000, -0.0000 0.0000/ —0.0479
nwelldose —0.0001 0.0709| —0.0353] 0.0188 0.0003] -0.9811 0.7918] -0.4503] —0.3069
gateoxtime 0.9998| -0.0618] 0.7948 -0.8923] 0.9998| —0.1543 -0.0495 -0.6844| —0.1063
viadiust 0.0000 —0.0000) 04997 —0.2391] 0.0000] —0.0000] -0.5922 0.1967 —0.0126
deltacd 0.0000 -0.0000] —0.0710 0.2611 0.0000] —0.0000] -0.0708 05332] 0.9301
naateox —0.0601 0.7964| —-0.8945| 1.0000{ -0.1537| -0.0478 -0.6855| —0.1066
n++ xi —0.0601 —0.3302] 0.2881] -0.0612| —0.0630 0.0628| 0.0067| 0.0327
vt 0.7964| -0.3302 —0.9376] 0.7968| —0.0840 —0.3495| -0.4736] —0.1672
idsmax —0.8945| 0.2881| —0.9376 —0.8949] 01150 01705 0.7022| 0.3505
paateox 1.0000| -0.0612| 0.7968 -0.8949] —0.1541] -0.0475| -0.6857| —0.1068
P++ Xi —0.1537 -0.0630] —0.0840 0.1150/ -0.1541 —-0.7742) 0.5487| 0.3167
pvt —0.0478] 0.0628[ —0.3495 0.1705 -0.0475| —0.7742 —0.4836] —0.2940
pidsmax —0.6855 0.0067) —0.4736| 0.7022| -06857] 0.5487 -0.4836 0.7076
Frea -0.1066] 0.0327| —-0.1672] 0.3505 -0.1068 0.3167 -0.2940| 0.707§
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Export...

Ok ‘ gancel| Apply
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20 gateoxine 20 gateoxtive 30

Mean:25 20 LTI 30 Yield analysis with user selectable statistical distribution. Yield of Mean:2s | 20 [T 30
Std Dev: |2.5 025 [T 5 ring oscillator frequency is shown as a function of different process Std Dev:|1.0575 0.2s TT M 5

ok | cancal| Apply parameter distribution (i.e. gate oxidation time). ok | Cancel| | Apply
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Description | Resources | Deck | Parameters | Setup | Worksheet | Results | Graphics] Ijuhs |

Cost for target opt_target
1
0.21
o i e | [
0.1 /i
0.14

Graphical view of an optimization experiment. In Green
the best result that minimize the target.
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Description | Resources | Deck | Parameters | Setup | Worksheet | Resuis! |crapmcs | Jobs |
material cond | deposit thick | opt_target_| cost Q max_[Q max@Ghz6Ghz) [Q at 4Ghz [Freq at Qmax [L at.= i
1 35700000 0.5 0.142363| 0.132363| 5.31913 3.8023 2.70818, 11579400000, 9.48 i -
2 12522715.211 0.97363509238| 0.171572| 0.161572| 3.79353 2.68394 1.89615 11579400000, 9.65¢ |
3 88414068.878 0.56536515057| 0.0506802) 0.0406802| 10.6816 8.50348 6.41423 10526800000 9.39¢ 10 —
4 50089778.125 0.68303960562| 0.0803352| 0.0793352| 8.38579 6.46643 4.77569 11579400000 9.38- il
5 94291673.422 0.43237179518| 0.0719216 0.0619216| 9.53247 7.39539 5.50127 11579400000, 9.297 |
6 55462552.309 0.76692269742| 0.0680367 0.0580367| 9.5895 7.57118 5.67062 10526800000/ 9.46: £
7 48166215.837 0.97179675102| 0.0592408| 0.0492408| 10.1545 8.0764 6.08954] 10526800000 9.¢ i
8 35073033.088 0.20611884058| 0.174106 0.164106| 3.43273 2.3071 1.6145 12631900000, 9.41C |
9 11288638.89|0.31572158635 0.215792| 0.205792| 1.14006 0.759018 0.528446 12631900000, 9.64¢ g i
10 | 89561579.585 0.83686938882|0.00567807| 0.00432193| 13.5583 10.9613 8.47444) 10526800000/ 9.32¢ |
11 73463674.009 0.82158888876| 0.0280683 0.0180683| 11.8406 9.50193 7.32263 10526800000/ 9.3t 4
12 | 07945804.477|0.71480330825 12.724] 10.5482 8.11003| 11579400000 9.19¢ L S
13 15889338.672 0.88240815699 0.162487| 0.152487| 4.28661 3.05502 2.16537 11579400000 9.61¢ e | Experimental.dat
14 | 18228905.678 0.55348591506 0.17818 0.16818| 3.27781 2.24367| 1.57321 12631900000, 9.47¢ _ i
< | »r‘ i
W View all results ‘Optimizer retumn code: OPT_RC_CONVERGED 0 |
L. X . B e e
Optimized process parameters obtained for the targeted experimental Q factor curve. o
Frequency ()
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