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Introduction

General Information

Welcome to pcFIRMS data analysis and reporting software for test data. pcFIRMS is designed to
provide quick and easy analysis and reporting for semiconductor test data. It also provides Perl,
JScript, and VBScript engines that are used in conjunction with our FIRMS APIs to create custom
charts and reports.

pcFIRMS can be used alone or in conjunction with Soto Technologies International complete suite of
automatic Data Collection and Analysis tools. For information on all Soto Technologies International
products, contact us at info@sototech.com or www.sototech.com.

This information in this document assumes that pcFIRMS has already been installed. For instructions
on the installation of pcFIRMS, please refer to the pcFIRMS Installation Guide.

The audience for this document is assumed to have the following knowledge:

1. Familiarity with the semiconductor test process. Knowledge of the entire semiconductor
manufacturing process is helpful, but not necessary to operate pcFIRMS.

2. Basic ability to open programs and manipulate files in a Microsoft Windows environment.

3. Knowledge of basic mathematics principles is helpful.

4. Knowledge of data analysis, statistics, and the STDF Version 4 format are helpful, but not
necessary to operate pcFIRMS

Manual Organization
This manual is organized into a series of topics. Each topic will be covered in four steps:

1. Introduction to terms and concepts.
2. A practice session.
3. An exercise that the user is encouraged to do as much on their own as possible.

First part is focusing on using the Graphical User Interface, basic statistics, and built in functionality of
pcFIRMS. The second part focuses on design of experiments and practical applications of pcFIRMS.
The third part is focused on learning how to automate and customize pcFIRMS using the built in SQL,
JScript, VBScript, and PERL engines.

Manual Syllabus

This manual is designed to teach the user how to use pcFIRMS in the Semiconductor Manufacturing
process. Since pcFIRMS makes use of statistics, we learn some basics about descriptive statistics
and how they apply to manufacturing along the way.

Below is a target schedule as if it were two days of training:

pcFIRMS Basics 6 Proprietary and Confidential
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Day 1:

09:00 - 09:20: Introductions, Starting pcFIRMS, Running JumpStart, Workspaces, &
loading data.

09:20 - 09:30: Exercise 1.

09:30 - 10:00: Process Capability, Characterization Statistics (Mean, Median,
Range, Variance, Standard Deviation (Sigma), Cp, Cpk, IQR, etc.

10:00 - 10:15: Exercise 2.

10:30 - 10:45: N-Chart, Advanced PCS

10:45 - 11:00: Exercise 3.

11:00 - 11:15: SDS and Comparative Statistics (T-Test, F-Test, 1/cpk delta)

11:15 - 11:30: Exercise 4.

12:30 - 12:45: TES and Paired Sample Statistics (Correlation Coefficient,
Confidence Intervals)

12:45 - 13:00: Exercise 5.

13:00 - 13:15: Bin Trend and Production Monitoring

13:15 - 13:30: Exercise 6.

13:30 - 14:00: Gage Capability

14:00 - 14:20: Exercise 7.

14:35 - 14:55: Creating and Manipulating Charts

14:55 - 15:15: Exercise 8.

15:15 - 15:35: Creating and Manipulating DataViews and ASCII Reports

15:35 - 16:00: Exercise 9.

16:00 - 17:00: One on One questions and practice

Day 2:

09:00 - 09:15: Review

09:15 - 09:30: Introduction to Design of Experiments (DOE)

09:30 - 09:45: Encoding Test Conditions

09:45 - 10:05: Design Characterization (Guardbanded Test Limits)

10:05 - 10:20: Exercise 10.

10:35 - 10:50: Virtual Retest

10:50 - 11:05: Exercise 11.

11:05 - 11:20: Wafer Mapping

11:20 - 11:35: pPcFIRMS Online Help System

11:35 - 11:45: Exercise 12.

12:45 - 13:30: Comprehensive Review Exercise

13:30 - 13:40: Introduction to the Editors, development process.

13:40 - 13:50: SELECT Statements

13:50 - 13:55: Grouping Functions

13:55 - 14:00: Performing Calculations in the SELECT

14:00 - 14:05: Column aliasing and report sorting

14:05 - 14:20: Exercise 13.

14:35 - 14:40: Introduction to Scripting in pcFIRMS

14:40 - 14:45: Communicating with the User

14:45 - 14:50: Creating a Workspace and Loading Data

14:50 - 15:05: Exercise 14.

15:30 - 15:35: Embedded SQL

15:35 - 15:50: Exercise 15.

15:50 - 15:55: Creating and manipulating a chart

15:55 - 16:05: Exercise 16.

16:05 - 16:10: Subroutines in PERL

16:10 - 17:00: One on One questions and practice

NOTE: If your facility does not deal with any wafer data, the section on wafer mapping & can be omitted.
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Installing pcFIRMS
Download pcFIRMS

You will be provided with an installer or download credentials to download the installer directly. The
installer is in MSI format (Microsoft Software Installer).

Running the Installer
1. Navigate to the location where your
pcFIRMS MSI file is located and double
click to execute. The pcFIRMS setup
Wizard will come up. Click Next.

2. Set the location where pcFIRMS will be
installed.

The default directory is C:\Program Files
(x86)\SotoTech\pcFIRMS.

We recommend installing in the default
directory.

You can select whether to install for all
the accounts in the local system
(Everyone) or just the current user (Just
me)

pcFIRMS Basics

15 pcFIRMS - x

Welcome to the pcFIRMS Setup Wizard A

The inztaller will guide you through the steps required to install pcFIRMS on your computer.

WARMING: This computer program i protected by copyright law and intermational treaties.
Unauthonzed duplication or digtribution of this program, or any portion of it, may result in severe civil
or criminal penalties, and will be prosecuted to the maximum extent pozsible under the law.

< Back Cancel

15 pcFIRMS — X

Select Installation Folder (

The inztaller will install pcFIRRMS to the following folder.

Toingtall in thig folder, click "Next". To install to a different folder, enter it below or click "Browse".

Folder:
C:\Program Files [+86]\SotoTech\pcFIRMS"Y Browsze...

Diizk, Ciost...

Install pcFIRMS for yourself, or for anyene who uses this computer:

(®) Everyone
O dust me
< Back Cancel
8 Proprietary and Confidential




3. Confirm that you want the installation to proceed.

15 peFIRMS — X

Confirm Installation il

The installer iz ready to install pcFIRMS on your computer,

Click "Mext” to ztart the installation.

< Back Cancel

4. The installation wizard will put all necessary files needed by pcFIRMS, including sample STDF files
under the specified installation directory.

1 pcFIRMS - X

Installing pcFIRMS LA

pcFIRMS iz being installed.

Please wait...

pcFIRMS Basics 9 Proprietary and Confidential



5. Once the installation process is complete, click the Close button to finish.

1 pcFIRMS - X

Installation Complete A

pcFIRMS has been successfully installed.

Click "Cloze" to exit.

< Back Cancel

Installing your License

You will be provided with a license file from SotoTech. This license file is named license.txt and must
be placed in the same directory where the pcFIRMS.exe is located. This is the directory specified
during step 2 of the installation wizard.

The default directory is C:\Program Files (x86)\SotoTech\pcFIRMS.

l This PC Local Disk (C:) Program Files (x86) SotoTech pcFIRMS

MNarme - Date modified Type
¥P
B licensetx 1/5/2023 1:14 PM Text Document TKE

E LicenseAgreement.pdf b 59 PM Wi oft Edge P... 210 KB

pcFIRMS Basics 10 Proprietary and Confidential



Starting pcFIRMS

pcFIRMS should already be installed on your system. For instructions installing pcFIRMS, please
refer to the previous section.

Start pcFIRMS by selecting it in the Windows Start Menu. In a default installation, the location is
Start->Programs->pcFIRMS->pcFIRMS.

After some initialization is complete, you will be presented with the following window:

L[ pcFIRMS  ver: 9.3.0.1 DDED Q@

File Edit View Database Wizards ChartViews WaferViews Reports Tools Custom Options Help

ata | Chart l W'afeNiewI DalaViewsl F!eportsl CustomAnalysisl

Gt
j-1a Welcome to pcFIRMS
-
i Easnly turn your data to answers to profits fast!
= fll'l= 1 chIRMS is the ultimate Test Data Analysis Tool. Click on an option
EEEEEEE belowto get started.
N .-
| B
EETEHE
I U
Analyze One File Analyze Many Files Merge And Analyze Correlate
s T, N
S& Uy
nﬂ'/ -
Optimize View CSY File
COMMAND: | -~ g‘
WorESpace Created ... Ci\WorkspacesiDemo }  [Total=0 [Recha=0 ,/]
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The JumpStart Page

To demonstrate how easy it is to get started, just click the “Analyze One File” button
on the JumpStart page.

o\ ,.’,"I = \
Bl
- >

Analyze One File

On the next page, click the Browse button —_— to select the STDF file for which
we will run this report.

Then click the Go button in ;
the bottom right corner of U
the page.

L Dte ey OwsDarcowal! op

Within a few seconds, your report will
open in Microsoft Word.

“% Note: If you are logged into
= the machine as

Administrator, the coores [ =
default Workspace
may not be created.

‘% Note: If you do not have
== Microsoft Office [

Installed, change the
Output Format to (< ]50)
HTML or PDF.

&

Close the Report.

Now click the “Merge and
Analyze” button on the
JumpStart Page.

] 3 Dﬂﬂlm ;'C \Dalni0eradsnoF? 2p A

’ t 2-: U.il:L'vu.uuuf';? i ‘
.= CADNDeradarall oo

Use the Browse button to W

select two or three files. -

You may select a

contiguous range of files

by holding the “Shift” key .

down when you click.

You may select a non-

contiguous set of files by Teet Fiter

holding down the

“Control” key when you

click.

Click the Go Button.

When the report opens LV SV
this time, notice how
pcFIRMS automatically merged the data together to create the charts and statistics.

Outp Tormed Mcrasofl Werd -

One page in, and pcFIRMS is already a useful tool for you. Now let’s look a little deeper into the
usage of pcFIRMS.

pcFIRMS Basics 12 Proprietary and Confidential



Process Capability Study, the Wizard behind the JumpStart

Behind three of the buttons on the JumpStart page is one of the most popular pcFIRMS report
wizards: Process Capability Study. This Wizard produces a Word, PDF, or HTML report that contains
basic statistics and charts for the tests in the test program.

To run this wizard from pcFIRMS (rather than the JumpStart page):

Select Wizards->Characterization->Process Capability Study from the menu system.

For this example, just click the “Next ->” button
on the bottom right side of the window. (The
Wizard will prompt you to load data files if none
are present.)

Continue clicking Next-> until you get to a
window with a Finish button, then click Finish.

The progress window will keep you informed as
each task associated with creating your report
completes.

‘% Note: Output to Microsoft Word is

= turned on by default. If you
do not have this product
installed, change the output
to HTML.

Getting Started with Process Capability Study (PCS)

¥ pou e & prevmcunly syved PCS datrmons e pou may load £ and @p e maard

PCS Deftion Pl | [

Torun uing Selouk sotnQ) of the wakued Yore 2 e eriered Sove. chok Freh Frmhs

Pleatn enbes & rars [oryous 1200 Th nase wit be wand Yy e deecton that il conbsn st 1epot and
50 e T of e seaing repodt pages. I ekt blank, the conlents of he trst pst_byp bekd wil2e ised.

Papot Narse:

Scks )

Cocel | hem
s B

P TIP: The settings from the default file of the Process Capability Study are used to create
@f the reports from the JumpStart page. To change the look of the reports for the
JumpStart page, just run the PCS Wizard and save the defaults on the “Finish”

page!

pcFIRMS Basics 13
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The pcFIRMS Workspace

pcFIRMS is organized into workspaces. A pcFIRMS Workspace is a directory that contains the data,
reports (Word, HTML, PDF, etc ...), charts, and DataViews from a single data analysis project. The
first step in any data analysis project with pcFIRMS is to create a workspace for that project.

To create a pcFIRMS Workspace: select or Enter Workspace Directory to be created ..

Bs

1. In Windows, create a directory .
called “Workspaces” in C:\, My Documents, ) Workspace
on your Desktop, or in some other location
that is convenient for you.

2. In pcFIRMS, under the Data tab,
click the “New Workspace” button in the
side bar or Select File->New 897 Wi
Workspace from the menu Wik ':%
system. |New Workspace
3. Navigate to location where you wish
to store the Workspace directory. Type in a
name (For Example: Training) = Il
4. Click OK. New Workspace:

NOTE: A directory will be created [Training
inside the folder that
appears to be open. This ' 0K @ Refresh| ¥ Cancel
is where the new
workspace will be stored.

o

<

Desktop, or My Documents) and store all of your pcFIRMS workspaces there. This
will make them easy to find, backup, and manage.

TIP: If possible, create Workspaces on local drives not on Network mounted drives.
pcFIRMS needs fast access to the data loaded in the Workspace. Using Network
drives will degrade the performance of the analysis.

@f@ TIP: Create a directory called “Workspaces” in a convenient place (such as C:\,
¥

Data Loader: ver: 1.0.0.1 M= Loading Data
5’;’,,":,~FF pcFIRMS supports data from several file formats. If you have data in a
CAData\CencidemaF | 2 file format that is not currently supported by pcFIRMS, Soto

Technologies International will create a converter or loader for your data
file format which can be plugged-in to pcFIRMS. Contact Soto
Technologies International at info@sototech.com for this support. Be
prepared to send us several files in the needed format and a
specification for the format if it exists.

¢ » There are five ways to load data into pcFIRMS using the GUI:
1. STDF V4 files from a local disk or mounted network drive.

Filers 2. Other formats from a local disk or mounted network drive

il | using a Plug-in STDF Converter or Loader.

Dot = 3. STDF V4 files from the FIRMS DataPipeline Server
utions ~ _ (Covered only for customers that have a DataPipeline
I Samemany Ony [~ ExFIR ExPIR [ ExMFR

Server.)
o | X Concel 4. Flat files from Excel, ASCII, DB2, or Paradox using the

Import Wizard. (We will not cover this in this class.)

pcFIRMS Basics 14 Proprietary and Confidential
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‘% NOTE: You must create a new workspace or open a workspace before loading files. See the
= previous section if you have not created a Workspace.

Load STDF V4 from a Local Disk

1. Click the Load STDF button in the Options area or select Database->Load STDF from the
menu. In the resulting dialog box, click the Browse button.
2. In the dialog box, navigate to the location of the file(s) you wish to load. You may select a

contiguous range of files by holding the “Shift” key down when you click. You may select a
non-contiguous set of files by holding down the “Control” key when you click

3. When the desired STDF files are selected, click o ____________________pm
“Open”. ek {5 7ce 4 - mem

4, Click “OK”. -

The files will begin loading. A progress bar will keep you
informed of the load’s progress.

The Load STDF dialog provides three filters for the data being
loaded:

1. Inthe “Test List” box, you can enter a list of test
numbers and test number ranges to be loaded.

2. You can turn on the Remove Duplicates check box which will remove duplicate parts
from the data set as it loads.

3. You can turn on the “Summary Only” check box which limits the load to only summary
data. Several reports, most notably the Bin Trend Wizard, do not require that the actual
measurements be present for the report to be generated. To load only summary
information, turn on the “Load Summary Data Only” check box in the Load STDF dialog.

4. You can also exclude certain results records by clicking the appropriate check box.

Loading Other File Formats
Custom Loaders and STDF Converters can be plugged-in to pcFIRMS by placing them in the “CONV”
directory where pcFIRMS is installed. (By default this is C:\Program Files\Sototech\pcFIRMS\CONV.)
The loader/converter will appear under the Database->Load Other menu
the next time pcFIRMS is started. By convention, Soto Technologies
prepends the name of the converters with “conv” and the name of loaders [ LR ¥ew) Dashacs: Wia chartiods

with “load”. @ JumpStat || Load STOF

: Load Other »
. v Options V G = .
To load a file from one of these formats: ' | Global Gateway Client
Hl Wﬂ '! DataPipeline Client

1. Select the desired file format from the Database->Load Other 0 0 Dataridges
menu. ] A( i Import Wizard

2. In the dialog box, navigate to the location of the file(s) you wish to b Remove 2106
load. You may select a contiguous range of files by holding the
“Shift” key down when you click. You may select a non-contiguous
set of files by holding down the “Control” key when you click.

3. When the desired data files are selected, click “Open”.

Export 4

Test Limits
User Limits
Spec Limits

vy v v v

Computed Limits
If the format is converted to STDF V4 before loading, you will be informed
that the conversion is occurring. Once all conversions are complete, the

v

Include

Exclude »
files will begin loading. A progress bar will keep you informed of the load’s . Remoye Excluded Records
progress. = Remove Duplicate Parts

: Calc Stats
No :
Load Data F Print »
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Loading STDF Files from the FIRMS DataPipeline Server

The DataPipeline Client is included with pcFIRMS. The DataPipeline Client provides access to data
on the FIRMS DataPipeline Server. You can create reports directly in DataPipeline Client, or use
DataPipeline Client to download the files to pcFIRMS to do more advanced analysis.

Starting the DataPipeline Client

To start the DataPipeline Client, select Database-> DataPipeline Client from the menu system.
The DataPipeline Client will open to the Select Data page.

NOTE: Your DataPipeline Client must be configured to connect to your FIRMS
DataPipeline Server. For information on configuring pcFIRMS to connect to
the FIRMS DataPipeline Server, refer to the pcFIRMS Administration Manual.

If the DataPipeline Client is configured to Auto Login to the DataPipeline Server, there may be a
short delay before the DataPipeline Client window appears. The Connect button will appear
depressed when the DataPipeline Client is connected.

If Auto Login is not configured, you will need to connect to the DataPipeline server by clicking the
Connect button. | @y

Selecting Data with the DataPipeline Client

Now build a query by right clicking on the pull down menu of each of the fields then selecting one
of the values in the resulting list box.

—

= | =]

After right clicking, watch the status bar |5.3|E.:t Field j |=
at the bottom of the screen. It will

inform you when the list box is loaded
by stating how many rows were
returned from the database.

|61 Rows selected

Select from the list using the left mouse button and dragging down to the desired value.

Then click any other field on the screen. You will notice a query will begin to build in the top
memo area.

Subsequent fields will use the existing query to help you narrow the search.

You may also type directly in to the Query Memo area to add details to your query. If at any time
you make a mistake, you can rebuild the query based on the selections made in the fields by

clicking the rebuild button. |ﬁ|

If you need to start completely over, you can clear all the fields and the Query Memo by clicking the

Clear button. ﬁl
Loading Data into the pcFIRMS Workspace

Once you have your query complete, click the execute button |£| to get a list of files matching the
query.

Now select the files you want to load in from the list and click the Load Files button. You can
watch the progress of the file transfer and load on the status bar.

Close the DataPipeline Client by clicking out on the title bar and you will see your file(s) are now
loaded in the pcFIRMS database.
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DataPipeline Client Reports

Once you have completed you query, you may also pull any of
the DataPipeline Client reports by selecting the desired report
from the Reports menu.

DataPipeline Client

Charts  Query

Lak Summary
The DataPipeline Client reports are similar to the Production
Insight reports in the UNIX version of FIRMS.

Merged Summary
Lak Synopsis

. L Merged 5 i
These reports appear in the Reports tab of the DataPipeline EraRe 2TEPsE

Client Window. Lot Started: |

Produckion Surmmary

DataPipeline Client Charts

The DataPipeline Client also provides several charts. These charts allow the user to look at long
term trends and paretos without having to download several files into the Workspace. To create
DataPipeline Client Charts:

1. Create a query in the same manner as the section on “Selecting Data in the DataPipeline
Client” above.

Execute the query.

Select files in the STDF file list.

Select the chart you wish to run.

The Chart appears in the Chart tab of pcFIRMS.

akrwn

DataPipeline Client
File Edit View Reports RGeS
;'"S'éiéE't"_i_f_i_'_'_cfi_'t_'_'cf{_'j]Hepgrtsl Con  Paretos b |
— Lot vl
DN e T

Bin % Box Plat

Yield Box Plat
Lot Started: -
Test Yield

l_ Bin Trend
Lat Finizhed: - Test Mean
Test Sigma

Part Type: = - Test Cp
. — 1 r—

Test Cpk

LY
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Exercise 1:
1. Start pcFIRMS
2. Run “Analyze Many Files” from the JumpStart page.
€) Select the v4_demao.stdf and v4_demo2.stdf files.

(b) What is the difference between this output and the output from the “Merge and Analyze”
button?

(© Close the report.
3. Create a new Workspace named “Exercise_1a”.
4. Load two of the demo files.
5. Run the Process Capability Wizard.
€) Enter “Exercise 1a” as the Report Name.
(b) Set the Group By field to STDF_NAME.

Working with Your Data:

6. Create a new Workspace named “Exercise_1b”. (Do not delete the old one.)

7. If your company has one of our servers, use the appropriate client to select two files from your
favorite part type. If no server is available, go to step “(d)” below.

(@) (DataPipeline Client only) Run the Merged Summary Report in the FIRMS Client.
(b) (DataPipeline Client only) Run the Cpk Pareto in the FIRMS Client.

(c) (DataPipeline Client only) Select all the data for your favorite part type for the previous
month. Run the Cpk Trend in the FIRMS Client.

(d) Load two of your data files into pcFIRMS.
8. Run the Process Capability Wizard as you did in step 5.
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Process Capability Statistics

Definition of Terms

Before we continue our training in pcFIRMS, it is prudent to introduce the statistics that are displayed
by the Process Capability Study. The uses of statistics are generally divided into two fields:

® Descriptive Statistics generally characterizes or describes a set of data elements by
graphically displaying the information or describing its central tendencies and how it is
distributed.

o Inferential Statistics tries to infer information about a population by using information
gathered by sampling.

There are some general statistical terms that we will be using throughout this course. Here is a
definition of those terms:

® Element: A single datum, measurement or characteristic.

® Population: The complete set of data elements is termed the population.

® Sample: A sample is a portion of a population selected for further analysis.
® Parameter: A parameter is a characteristic of the whole population.

e Statistic: A statistic is a characteristic of a sample.

Uses and Abuses

Most of the time, samples are used to infer something (draw conclusions) about the population. If an
experiment or study was done cautiously and results were interpreted without bias, then the
conclusions would be accurate. However, occasionally the conclusions are inaccurate or inaccurately
portrayed for the following reasons:

® Bias. Either on purpose or by human nature, the answer is often assumed before
analysis begins and the interpretation of the statistics is based on false assumption. A
possibility is a company sponsoring a statistics research to prove that their product is
better than a competitor.

® Sample is too small.

Even a large sample may not represent the population.

® Visual aids may be correct, but emphasize different aspects. Specific examples include
graphs which don't start at zero thus exaggerating small differences and charts which
misuse area to represent proportions. Often a chart will use a symbol which is both twice
as long and twice as high to represent something twice as much. The area, in this case
however, is four times as much!

® Precise statistics or parameters may incorrectly convey a sense of high accuracy.

® Misleading or unclear percentages are often used.

Statistics are often abused. It is said that there are three kinds of liars: Liars, Damned Liars, and
Statisticians. Before acting on or reporting an anomaly detecting by using statistics, always question
the data collection methods first. It is sometime helpful to ask the following questions:

® Who did the analysis?

® Who funded the analysis?

® Why was the analysis done?

® Is the sample representative of the population?

® Are their factors outside of the experiment which could impact the result?
Data Types

Data are facts or figures from which conclusions may be drawn. Data can be classified as either
numeric or non numeric. Specific terms are used as follows:

pcFIRMS Basics 19 Proprietary and Confidential



e (Qualitative data are non numeric. Examples of qualitative data in Semiconductor
manufacturing are Bin and Pass/Fail. (While bins are usually represented by numbers,
they actually describe a family of tests rather than a specific measurement.)

® Quantitative data are numeric. The measurements taken for a particular analog test are
guantitative.

We can further classify Quantitative as either discrete or continuous.

> Discrete data are numeric data that have a finite number of possible values.
These do not appear often in Semiconductor Manufacturing data.
> Continuous data have infinite possibilities: 1.4, 1.41, 1.414, 1.4142, 1.141421.

This data type is the most common in Semiconductor Manufacturing data.

Summary Statistics for Quantitative Data

The Process Capability Study presents summary statistics calculated from quantitative test
measurements. In this section, we will learn how these statistics are calculated and how they can be
interpreted. Summary, or characterization statistics as they are sometimes called, can be divided into
two basic categories: Averages and Dispersion.

Averages

Averages are statistics that describe the center or central tendency of the data. In statistics, there are
four types of averages: Mean, Median, Mode, and Mid Range. We will define all four in this course;
however, pcFIRMS uses only the mean and median in its analysis.

Mean
The Mean is obtained by summing all elements of the data set and dividing by the number of
elements.
Symbolically, the arithmetic mean of sample data is expressed as X = Z:i.

Where x (pronounced "x-bar") is the arithmetic mean for a sample.
2 is the capital Greek letter sigma and indicates summation.
Xi refers to each element of the data set as i ranges from 1 to n.

N is the number of elements in the data set. Often, the capital letter “N” will be used for populations

and the lowercase “n” will be used for sample data.

The equation is essentially the same for finding a population mean; however, the symbol for the
population mean is the small Greek letter p (mu).

Example:
For Data Elements: 48 46 45 91 45 46 47 45 43 47
First we sum the data elements. The sum of these data elements is 503.
Now divide by the number of elements which is 10:
503/10=50.3

Note: The represented here is the “Arithmetic Mean”. There are several other “means”.
For example: Harmonic, Geometric, Quadratic, etc... These other means are
beyond the scope of this class.
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Median

The Median is the middle element when the data set is arranged in order of magnitude. If there are
an odd number of data elements, the median is a member of the data set. If there is an even number
of data elements, the median is computed as the arithmetic mean of the middle two.

Example:
For Data Elements: 48 46 45 91 45 46 47 45 43 47
First we order the Data Elements:

43 45 45 45 46 46 47 47 48 91

Since there are 10 data elements, the Median is the Arithmetic Mean of the elements 5 and 6. So
Median = 46.

Note how, in this case, the median value seems like a better measure of the center of these elements
than the mean. The outlier 91 has a greater impact on the mean.

Mode

The Mode is the data element that occurs most often. In continuous data, this is usually not a useful
way to determine the center of the data. The mode can be estimated visually using a histogram.

Example:
For Data Elements: 48 46 45 91 45 46 47 45 43 47
First we order the Data Elements:

43 45 45 45 46 46 47 47 48 91

The value that occurs most often is 45 so the mode of this population is 45.

Mid Range

The Midrange is the mean of the highest and lowest data elements.

X max -X min

Symbolically, midrange is computed as >

Example:
For Data Elements: 48 46 45 91 45 46 47 45 43 47
First we order the Data Elements:

43 45 45 45 46 46 47 47 48 91

The Mid Range is (91 — 43)/2 = 69.5.

The Best Average

Which average to use depends on the data you are analyzing and how you need to analyze it. Here
are a few facts that might help:

® Mean, median, and midrange always exist and are unique.

® Mode may not be unique or may not even exist.
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® Mean and median are very common and familiar.
® Mode is used less frequently; midrange is rarely used.
® The midrange and the mean can be distorted by extreme data elements (outliers).

As previously mentioned, pcFIRMS uses only mean and median as calculations for average.

Dispersions

Another important characteristic of a data set is how it is distributed, or how far each element is from
some measure of central tendency (average). There are several ways to measure the variability of
the data. Although the most common and most important is the standard deviation, which provides an
average distance for each element from the mean, several others are also important, and are
discussed here.

Range

Range is the difference between the highest and lowest data element.

Symbolically, range is computed as X,qx — Xmin- Although this is very similar to the formula for
midrange, please do not make the common mistake of reversing the two. This is not a reliable
measure of dispersion, since it only uses two values from the data set. Thus, extreme values can
distort the range to be very large while most of the elements may actually be very close together.

Example:
For Data Elements: 48 46 45 91 45 46 47 45 43 47

First we order the Data Elements:

43 45 45 45 46 46 47 47 48 91

The Range is 91 — 43 = 48. If we eliminated the 91 from this population, the Range would be 48 — 43
= 5. The outlier has a very big effect on Range.

Standard Deviation (Sigma)

The Standard Deviation, also called Sigma (because the lowercase Greek letter is used to represent
the value symbolically) is another way to calculate dispersion. This is the most common and useful
measure because it is the average distance of each element from the mean of the elements.

Essentially, the standard deviation is the average distance of the data elements from the mean.

Sigma is calculated slightly differently for sample data and population data.

i i (%2

The Sigma for sample data is computed as § = T
N 2

. x._
The Sigma for population data is computed as 0 = ’Z—"l(n‘ 2 _

Notice the difference between the sample and population Sigmas. The sample Sigma uses n-1 in the
denominator, and is therefore slightly larger than the population sigma which uses N. The n-1 can be
understood in terms of degrees of freedom — a topic which we will below.

Since the standard deviation is a square root, it could be a +/- number. By definition, we take the
positive standard deviation.

Example:
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For Data Elements: 48 46 45 91 45 46 47 45 43 47
The steps to calculate the population standard deviation are:

Get the Mean

Get the deviations

Square the deviations

Add the squares of the deviations

Divide by number of elements in the population

Take the square root of the result and we have the Standard Deviation

ogkwnE

First we calculate the mean of these elements:

The sum of these data elements is 503, the number of elements is 10 so:

503/10=50.3.

Now we calculate the distance of each element from the mean and square it:
50.3-48=2.3; 23*23= 5.29
50.3-46 = 4.3, 43*43= 18.49
50.3-45=5.3; 53*53= 28.09
50.3-91=-40.7; -40.7*-40.7 = 1656.49
50.3-45=5.3; 53*53= 28.09
50.3-46 = 4.3, 43*43= 18.49
50.3-47 = 3.3; 3.3*3.3= 10.9
50.3-45=5.3; 53*53= 28.09
50.3-43=17.3; 7.3*7.3= 53.29
50.3-44=6.3; 6.3*6.3= 39.69

Now we sum all the squares of the distances. The sum is 1858.

To calculate the standard deviation as a population, we divide the sum of the squares by the number
of elements. 1858.1/10 = 185.81.

Now take the square root of 185.81 and we have our standard deviation which is: 13.63.

To calculate the standard deviation as a sample, we divide the sum of the squares by the number of
elements minus 1. 1858.1/9 = 206.46.

Now take the square root of 206.46 and we have our standard deviation which is: 14.37.
So:
s =14.37 and 0 = 13.63.

Variance

Variance is the third method of measuring dispersion. Compare the two variance formulae with their
corresponding standard deviation formulae, and we see that variance is just the square of the
standard deviation.

N s
m N (x;-%
Sample Variance: 2 = Zl—lé—ll)

; . YN (xi—p)?
Population Variance: 0% = %

How pcFIRMS Calculates Sigma

Using these formulas within a computer program is inefficient because it is necessary scan the data
twice (First to calculate the mean, second to perform the comparison of each element to the mean.)
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For expedience, programs, such as pcFIRMS, use a slightly different, but Algebraically similar
formula to calculate Sigma.

1
(N-1)

program can make a single pass through the data accumulating the sum of the elements and the sum
of the squares of the elements to perform the calculation.

The formula used by pcFIRMS is 0 = \/ [(Z{V:1 xf) — NX2]. Using this formula, a

Interquartile Range

The Interquartile Range, or IQR, describes the data in terms of 4 groups each consisting of 25% of
the elements. The elements are arranged in numeric order then divided into four divisions or
quartiles. The boundaries of these quartiles are called Q1, Q2 (median), and Q3. A way to think of
these boundaries is that they are extensions of the median where we divide the population into
smaller populations. Using this terminology:

The median divides a population into two halves: a top half and a bottom half. The top half consists
of those data elements above the median, whereas the bottom half consists of those data elements
below the median. If we subdivide each of these halves yet again, we have quartered the population
and each of these division points is termed quartiles. Although one might occasionally speak of the
bottom quartile, top quartile, etc., the term quartile technically refers to the three division points and
not to the four divisions of the data.

Q1 is the term used for the median of the bottom half.
Q3 is the term used for the median of the top half.
Q2 is another term used for the median.

The precise definition specifies that at least 25% of the data will be less than or equal to Q1 and at
least 75% of the data will be less than or equal to Q3.

The IQR is calculated as Q3 — Q1.
Example:
For Data Elements: 48 46 45 91 45 46 47 45 43 47

First we order the Data Elements:

43 45 45 45 46 46 47 47 48 91

Since there are 10 data elements, Q2, or the Median is the Arithmetic Mean of the elements 5 and 6.
So Q2 = 46.

Q1 is the center element of the lower 5 elements, so Q1 = 45.
Q3 is the center element of the upper 5 elements, so Q3 = 47.
IQR=Q3-Qlor47-45=2.

Coefficient of Variation

The coefficient of variation (CV) is defined as the ratio of the Sigma to the Mean. Symbolically, the
g

ul
The coefficient of variation allows comparison of the variation of populations that have significantly
different mean values. It is often reported as a percentage (%) by multiplying the above calculation by

100.The coefficient of variation is often used when discussing the normal distribution for positive
mean values with the standard deviation significantly less than the mean. This application may be

formulais C,, =
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reasonable for many models, but breaks down theoretically unless the distribution is known to be
positive valued, since there is a nonzero probability that the distribution will assume a negative value.
When the mean value is near zero, the coefficient of variation is sensitive to change in the standard
deviation, limiting its usefulness. pcFIRMS does not calculate the coefficient of variation.

Capability Indices

pcFIRMS uses the basic summary statistics described in the last section with test limits to calculate
some slightly more complex statistics that are called Capability Indices. (Indices is the plural of the
English word “index”). In this lesson we will discuss 4 of these indices.

Co
The Capability Index (Cy) is the ratio of the engineering tolerance width to six standard deviations.
Six standard deviations, or 60, are defined as the natural tolerance of a process. So Cpis the ratio of
the engineering tolerance to the natural tolerance of a process.
. _ UTL-LTL
Cpis represented symbolically as Cp =
60
Where:
UTL = Upper Test Limit
LTL = Lower Test Limit
o = Standard Deviation
Assuming the process distribution is normal and the process average is exactly centered between the
engineering requirements, a Cp of 1 would be considered “capable”. However, to allow a bit of room
for process drift, the generally accepted minimum value for Cp is 1.33. In general, the larger the Cp,
the better. For a Six Sigma process (a process that produces 3.4 defects per million opportunities
including a 1.5 sigma shift), the value of Cp, would be 2.0.
The Cp index has two major shortcomings:
® |t cannot be used unless both the upper and lower test limits are defined.
® |t does not account for process centering. If the process average is not exactly centered
relative to the engineering tolerance, the Cp index will give misleading results. In recent
years, the Cp index has largely been replaced by Cpk (see below).
Cpl

The Cpiindex is the ratio of the lower part of the distribution when divided on the mean. Soitis
calculated the difference between the mean value and the lower test limit divided by 3 times the
standard deviation.

u—LTL

Cpi is represented symbolically as Cpl = 30

Where:

LTL = Lower Test Limit
o = Standard Deviation

By itself, the Cpi value is not much use. But when compared with the Cpu value can determine if the
process is balanced about the mean. It is also used to determine Cpx.
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Cou

The Cpu index is the ratio of the upper part of the distribution when divided on the mean. Soitis
calculated the difference between the upper test limit and the mean value divided by 3 times the
standard deviation.

UTL-p

Cou is represented symbolically as Cpu = 30

Where:

UTL = Upper Test Limit
o = Standard Deviation

Like Cpl, the Cpu value is not much use by itself. But when compared with the Cp value can
determine if the process is balanced about the mean. Itis also used to determine Cpxk.

Cpk
Cpk is the smallest of Cpl and Cpu.
Cpk is represented symbolically as Cp = min(Cpy, Cpy)

Since the smallest of these indices represents the nearest limit, the value of Cpk tells you if the
process is truly capable of meeting the requirements. A Cpk of at least 1 is required, and 1.33 is
preferred. Not that Cpk is closely related to Cp. The difference between Cp and Cpk represents the
potential gain to be had from centering the process. For a Six Sigma process, Cpk would be 2.0.

Degrees of Freedom

The Degrees of Freedom is the number of measurements that could be altered independently without
changing one or more statistics (such as mean) relating to the set. For a set of n measurements with
a known mean, the degrees of freedom = n - 1, since all but one could be changed with
compensating change only to one other to produce the same mean.

Here is an example:
Suppose that you have a phone bill that says your household owes $100.

Your mother and father state that $70 of it is theirs and that your younger sibling owes only $5. How
much does that leave you?

Here, n=3 (parents, sibling, you), but once you have the total and two more amounts, the last amount
is constrained. Since only two amounts can vary, the degrees of freedom are 3 -1 = 2.

Degrees of freedom are normally designated with the letters “df”.
Another example:

Ten parts are tested. For one particular test, the mean of the results is 55. Thus for the 10
measurements and the given mean, only nine of the values are independent. The last is constrained
if the mean is to remain the same. Therefore there are nine degrees of freedom.

df=10-1=9

The 5 Number Summary

Every population can be described in many different ways statistically. One popular way it uses 5 key
numbers that are known as the 5-number summary. These measurements are the minimum value,
Q1, the median value, Q2, and the maximum value.

Example:
For Data Elements: 48 46 45 91 45 46 47 45 43 47
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First we order the Data Elements:

43 45 45 45 46 46 47 47 48 91

Since there are 10 data elements, Q2, or the Median is the Arithmetic Mean of the elements 5 and 6.
So Q2 = 46.

Q1 is the center element of the lower 5 elements, so Q1 = 45.
Q3 is the center element of the upper 5 elements, so Q3 = 47.
So the 5 number summary for this population is:

Min = 43

Q1=45

Media = 46

Q3 =47
Max = 91

The Bell-shaped, Normal, Gaussian Curve

The bell-shaped curves that are an option on pcFIRMS histograms are called the Normal or Gaussian
Curve. These three names for this curve refer to the same thing.

When we “normalize” something, we make it equal to some standard. In the case of the normal
curve, we make the probability that the measurement is somewhere under the curve = 100%. The

height of the normal curve represents the probability of the measurement at that given distance away
from the mean.

Histogram
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It is also important to note the symmetry of the normal curve. Some curves may be slightly distorted
or truncated beyond certain limits, but still primarily conform to a bell shape. This is often an important
consideration when analyzing data or samples taken from some unknown population.

The Empirical Rule
For a normally distributed data set, the empirical rule states that 68% of the data elements are within
one standard deviation of the mean, 95% are within two standard deviations, and 99.7% are within
three standard deviations. The empirical rule is often stated simply as 68-95-99.7. Note how this ties
in with the range rule of thumb, by stating that 95% of the data usually falls within two standard
deviations of the mean.

Z-Scores

A Z-score or “standard score” is the measure of the distance of a data element from the mean of the
distribution. Since many data sets have a normal distribution, it is a very helpful way to compare data
elements from different populations—populations which may very well have differing means and
standard deviations.

For example, if you have a test whose measurements range from 10 — 150 mA and another test
whose measurements range from 1,600 — 1,950 Ohms, it can be difficult to compare one to the other.

The formula for Z-score includes the standard deviation and therefore we require two formulas, one
for population data and one for sample data:

(X-p)

Z for a populationis Z =
g

X-X)
s

Zforasampleis Z =

The following important attributes should be noted about z-scores.
® Negative Z-scores indicate a data element's position is below the mean.
® Positive Z-scores indicate a data element's position is above the mean.

® Z-scores should almost always be rounded to two decimal places.

Ordinary or Unusual Scores
Now that we have defined z-score, we can define two more terms as follows.

Data elements more than 2 standard deviations away from the mean are termed unusual.

Data elements less than 2 standard deviations away from the mean are termed ordinary
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Exercise 2:

1. Find the mean, median, range, sample standard deviation, and sample variance of the following
data: 36,000, 360,000, 3,600,000, 36,000,000, and 360,000,000

€) Mean =

(b) Median =

(c) range =

(d) sigma = NOTE: For a population.
(e) Variance = NOTE: For a population
H Q1=

(9 Q3=

(h) IQR =

() df=

2. Find the mean, median, range, sample standard deviation, and variance of the following data:
1,2,3,4,5,6,7,8.

€) Mean =

(b) Median =

(c) range =

(d) sigma = NOTE: For a population
(e) variance = NOTE: For a population

) 5 Number summary =

3. Name the two types of Average calculated by pcFIRMS. ,

4. Write a definition for Standard Deviation:

5. Which value indicates that your process is capable:
€)) Cpk=1.38
(b) Cok=2.3
(c) Cpk=1.0
(d) Both (a) and (b)

6. Is a negative value for Cpk possible? If so, what would a negative Cpk indicate?
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7. A certain test has a mean of 29. Calculate the z-score for this test's mean relative to the historic
mean of 21.0 and standard deviation of 4.

8. Given the fact that 50% of a normally distributed data set is within 0.675 standard deviations of
the mean, estimate Q4, Q3, and the interquartile range for a test with a mean of 29 and standard
deviation of 3.0. Would a measurement of 36 be unusual?

Take a break.
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pcFIRMS Report Wizards

In the previous section, the first thing we did was run one of the pcFIRMS report Wizards. The goal of the
pcFIRMS Report Wizards is to get you from raw data to published report as quickly as possible. Our
motto is “Data to Answers to Profits Fast”.

In this section of the training, we will take a look at some of the other pcFIRMS report Wizards.

The Report Wizards are organized according to the primary tasks that face Test and Product Engineers in
the Semiconductor Manufacturing Process. These tasks are:

1. Characterize products and processes.

2. Correlate one product or process to another.
3. Optimize a test program.

4. Qualify new test measurement systems.

5. Monitor production.

pcFIRMS provides wizards for each of these tasks.

1. Characterization
€) Process Capability Study

(b) N-Chart
(c) Design Characterization
(d) Process Portrait

2. Correlation
€) Statistical Differences Study
3. Optimization
€)) Test Elimination Study
4. Qualification
€) Repeatability Study
(b)