Spayn is a statistical modeling tool for analyzing variances from model parameter
extraction sequences, electrical testroutines, and circuittest measurements. Spayn
helps to identify the relationship between device or circuit performance variations
and the process fluctuations.

e Automatic generation of worst-case and corner SPICE models

¢ Advanced principal factor / component analysis

¢ Identification of inter-relationship among groups of parameters

e Statistical process control, process monitor, and yield analysis

¢ Advanced Wafer Map displaying wafer-to-wafer and die-to-die variances
¢ Seamless integration with fast SmartSpice API for statistical circuit design

¢ Flexible data input, output, append, merge, and split options with histogram, 2D & 3D scatter plot, and
response surface model display options

e Silvaco’s strong encryption is available to protect valuable customer and third party intellectual
property
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Spayn Objective

Spayn
Applications

Spayn is a statistical analysis software package tailored for the semiconductor industry.
Itis applied for two main fields:

 Characterization
* Process Control/Analysis

Spread in performance of analog or digital circuits is largely due to inherent fluctuation in the manufacturing
process. Achieving statistical control is fundamental to product quality.
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Spayn Users:

e Parameter Extraction and Circuit Simulator Support Personnel

e Device Modeling Engineers

e Circuit Designers

¢ Process Development/ Integration Engineers

Used standalone, or linked to a circuit simulator, Spayn s a user-friendly tool requiring little detailed knowledge
of statistics and no user-created programs.

Usage ranges from SPICE parameter extraction, process development and integration, over product and yield
engineering, to circuit designing.

Spayn is a simple, powerful, and affordable tool for statistical modeling and process control.
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Spayn is capable og managing a large number of Attributes, Parameters and Samples, limited only by
workstation memory and processor performance. To deal with large data sets, Spayn provides a powerful
filtering concept allowing selection of samples to reduce the number of data sets used. “Filter by Attributes”
allows definition offilters based on data set attributes. “Filter by Parameters” can be used to further reduce
the number of data sets by specifying limits on the parameter values.

Data Filtering

Even with a spreadsheet table, it can be tedious and numbing to work with all data. To address this, Spayn
provides filters to precisely select samples and reduce the number of data sets in use. Filtering can be done
atthe Attributes or Parameters level. First, “Filter by Attributes” defines database identification selection key.
Second, “Filter by Parameters” defines value limits to reduce the number of sets that satisfy criteria.
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. . Spayn accepts Utmost-generated SPICE model library formats, Virtual Wafer Fab format, and other industry formats
Statistical (RS/1™, CSV, MS EXCEL™). Spayn offers unique and extremely fast search, merge, append, and split capabilities
Analysis, Data on data sets. Many built-in general purpose statistical analysis features aid in the examination of parametric data:
VENVELEIOELIEDLE  Gaussian, exponential, log-normal, and Gamma distributions.

Visualization Scatter plots analyze the relationship between parameters using the least squares method to fit linear,
logarithmic, parabolic, reciprocal, hyperbolic, exponential, power, root, or 3rd order polynomial. The resulting
error residuals, ANOVA information and correlation coefficients are generated. The “Golden Device feature”
allows you to calculate which observation or observations (in a particular data set collection) most closely
matches the mean, based on some dissimilarity measure.
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Histogram plot with attributes for selected parameters highlighted.
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The contour plot displays ellipses representing +o, +20, and + 30 The relationship among any three selected parameters can be viewed
distribution of parameters. in 3D.

Multiple linear regression capabilities generate equations that relate one selected parameter to other sets
of user-defined parameters. SPICE models card can be generated for any point in a scattergram Plot. The
SmartSpice link and the user Netlist feature allow running simulation for each SPICE models card.
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Spayn identifies dominant parameters and/or factors of variations. The data is then automatically grouped
so that each parameter in a specific group is controlled by the same source of variation. Analysis of each

Advanced PCA/

LN ELN  arameter group then identifies relationships between process input, process monitoring, device, circuit, and
Component and manufacturing parameters within the group.

Factor Analysis

The following analysis features are available:
e Advanced Principal Component and Factor Analysis
e Dominant parameter identification
e VARIMAX and QUARTIMAX rotations
e Histograms or scatter plots using components/factors

e PCA parameter weights and sensitivity analysis

e Unique user-defined dominant parameter selection and equations
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PCA/PFA capabilities allows you to define dominant parameters or Powerful factor analysis, coupled with built-in SPICE model equations,
identify them automatically, and then generate linear or non-linear delivers unmatched statistical modeling capabilities.

equations.



Worst-Case and
Corner SPICE

Model Generation

Spayn generates equations relating each parameter under analysis to the uncorrelated dominant factors or
dominant parameters. These independent variables are interactively or automatically perturbed to produce

realistic “corner” and “worst-case” models using built-in SPICE model equations.
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User-defined, Monte Carlo (left figure), corner (right figure), or worst-case simulations can be performed using the fast SmartSpice API.
Single device or very complex circuits can be simulated and many types of analysis are possible.

Spayn can be used to determine the underlying statistical nature of IC manufacturing processes and their

Statistical . .
impact on device performance.

Process Control
and Yield
Analysis

Spayn creates statistical process control (SPC) and process monitor (PM) charts to track the variation of
dominant parameters or factors over selected wafers or lots. SPC charts plot and store Shewhart mean and
range/sigma data with the parameters grouped in terms of their attributes.

Spayn helps to identify an efficient process monitoring strategy by identifying the minimum set of dominant
factors that must be monitored in production in order to control the yield. Process monitoring charts are then
used to view these parameters.

=

M Sample Info

WAFEE. NUM. # VTO_N Sample Number : 7
| [wares1 20 RN 1 I Sample Size . 16
WAFER2 30 ‘ .\ s | Z/T | ~ View As
WAPERJ 25 | - | " | | | & Spice Madel
WAFER4 13 ‘ 5 3 | | 3 >‘ | i
WRFERS 18 : ' [ : + timestamp: Thm Jul 12 15:47:10 2007 B
WAFEE6 25 ‘< : | | : : ‘ | * PROCESS = MOS
WAFERT 17 | = | >' \ | + PRODUCT = NMOE
WAFERS 16 : | '&i : | | [ | | * STATION = BILVACO
WAFERD 26 : : : : + OPERATOR = Heamus
WAFERLQ 13 I | > \ | + DATE = 11,10/33
WAFER11 28 | i >'| | ( F | * TEMPERATURE =27
WAFER12 27 : 3 3 : * LOT NUMBER = lotl
‘ : | | : : | | * WAFER WOM = WAFERE
WAPERL3 28 | O | ? \ | + GROUP NUMBER - group —
WAFEEL4 20 ! \1 / ! + DEVICE = device
WAFEELS 29 | : | | ; P | MODEL NMOD MMOE ¢
+LEVEL = 3
+TOX = 1.809868e-08
+U0 = 6124751
=l +LD = 1.400754e-07
+WD = 1.510135e-07
Select Model. | Model: |plefequation3.egn Setup MName : |setup -I Edit Setup.. | MNew Setup.. | +PHT - 0.7
+BD = 16.49378
Export... | +RS = 16.43378
.| |+rETA - 0 05361427 x|
SPICE models are generated using built-in SPICE. Models can then be used to run | BunSmulien|

simulations directly from PM charts.




Diameter  [4032 ~Center Position
. . P
Wafer Map displays parameters, or any other ELL -2 . -
measured data together with their distributions DaiEl |
over die locations. wawype [T T
Set ¥
L‘ [ Die Position ———————————
B 7 232218e-01 7.356018e-01 X
B 7 108418e-01 72322188-01 Y
6.984617e-01  7.108418e-01
I 6.860817e-01 69846178-01 Parameter Infe.—————————
[ 6737016e-01 6.860817e-01 Ave. Value
M 6613216e-01 6737016e-01 Die No.
Summary Data
I~ Logarithm
Pararmeter |1 Import Setllp Export. |
|

WAFEF. NUM. WD_N Range # 1.74546e-07 1
I [warert 1.8620e-07 1.0896 20 | = Data points lying outside process
WAFERZ 2.043e-07 0.87354 30 =] control limits (outlier) are marked with
WAFEE3 2.3035e-07 1.0874 25 }i‘ asquare
WAFER4 1.842e-07 0.%%002 13 L ! q .
WAFERS 2.0876e-07 1.0823 18
WAFERG 1.5646e-07 1.16%5 25 '<
WAFERT 1.83322-07 0.28317 17 >-
WAFERS 1.6295e-07 0.84273 16
WAFERS 1.2423e-07 1.0285 26
WAFER10 1.5101=-07 0.86854% 13
WAFER1L 1.6752e-07T 1,280 28 >
WAFER12 1.7521e-07 0.882%5 27 bu
WAFERL 3 1. 535%-0T7 0 89%05k6 28
Setup Name : |setup|
Group By DIE NUMBER
Calar Type
Background : I vl
Data : [ — | | -] U0_N
LD N
Mean : | — | | | WO_N
Limnits : | j | j
Grid - | — | | =l
Delete | [0l I Cancel | Apply | =
Y | -~ Settings
Ma. of Neighbars: ﬂ Distance Metric: |2
™ Mormalized
Golden Device feature calculates which observation or ~ Results
observations most closely match the mean, based on some Observation(s) |Distance  |PRODUCT [TEMP|LOT [weaFER MUM | DIE NUMBER] GF
dissimilarity measure, i.e., the measured device that best 82 4892e-02 NMOS 27 lotl WAFERE  DIES are
d ibes the ai d llecti 35 9.191e-02 NMOS 27 ot WAFER2 DIE19 gre
escribes the given data sets collection. 198 1.4892-01 NMOS 27 lotl WAFERID  DIE13 are
4 | |
¥ Show Attributes
QK I Cancel | Anply |
A

Three neighbors of Golden Device computed and Attributes displayed.



Quest
B Quest
File Edit View Model
Technology ® Technol
Create the tech
Process the mappings b
numbers and la
Layout connections bet
Fleld Solver| ® | <code imom:
Output ®
_ DoE |
[ -
alysls ®
‘Quest 1.16.0.R © Simucad 2007
Measurements
=TeT T
= -
?i AL S iy
e — —r
3| A~
- v
e e

Utmost

)

Spayn in Silvaco Inductor PDK Flow

Utmost

Spayn

Regression Model for Seledted Target

1=

1.1280-09

4 1.180--10%W8_cOTIS2 +

~ 7.166e-10"N8_COILS - 2.1906-11*RADIUS
+ 8.977a-12NB_COILS*RADIUS

6.1555-14*RADIDS 2

P Eror 7 ANOVA Selecied

£1T ERPORS:
uEAN

RELATIVE 3.89%
resoroTE

nnanysis oF vamIance:

Parameters Predictors

Quest

)

1.1238-11

HAC1 [NB_coILs
=3 IRADIUS
Lsm

lcoxt

lcsuat

_ RemoveAl |
I~ Normaliz

Export.._| TonyPlot | Scatter Plot

ed

MAxIHONM
5.89%
2.108E-11

-
 Interadtions ()
 Quadratio (x"2)
=

I Interadtions (<*2y)
I~ Cubic (x"3)

Solye Model

Regression Teims Targets

5 Inductor

- PDK

j (scaling
rules)

User Inductor SPICE Model

Spayn Inputs/Outputs

Measurements

TCAD

(SN (=)

C LT T T

SILVA

HEADQUARTERS

4701 Patrick Henry Drive, Bldg. 2

Santa Clara, CA 95054 USA
Phone: 408-567-1000
Fax: 408-496-6080

KOs

JAPAN
EUROPE
KOREA
TAIWAN

jpsales@silvaco.com
eusales@silvaco.com
krsales@silvaco.com

twsales@silvaco.com

SINGAPORE sgsales@silvaco.com

WWW.SILVACO0.COM

SmartSpice

SmartView

TonyPlot

CALIFORNIA

MASSACHUSETTS

TEXAS

ARIZONA

sales@silvaco.com
408-567-1000
masales@silvaco.com
978-323-7901
txsales@silvaco.com
512-418-2929
azsales@silvaco.com
480-947-2900

Rev. 070313_09



https://www.facebook.com/pages/Silvaco/193512520767995
https://twitter.com/SilvacoSoftware
http://www.youtube.com/user/SilvacoUSA
www.silvaco.com

