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Introduction

THE SEMICONDUCTOR TOOLKIT is an attempt to answer the need
from the semiconductor industry for specialized visualizations and
reframing of existing JMP capabilities. On its initial release, the

. . . Annotate Mapping Analysis Utilities
toolkit contained tools for generating patterned and unpatterned )
. T X X Annotation Tool
wafer maps, annotating existing graphics with wafer geometry, and Actions
a semiconductor specific frontend to the Hierarchical Clustering with Draw Wafer Draw Die
spatial measures option. It has now been expanded to include ana- Draw Al Clear Annotations
lytical methods for exploring die defect data, making comparisons Toggle Window List | | Toggle Color Control

between wafers, and a collection of tools and utilities contributed

Window List

by the user community. The toolkit is intended to be a collaborative

and living effort by interested parties. Constructive criticism, bug e
reports, and capability suggestions are welcome and encouraged. perameters
Please contribute questions and feedback to Add-in page on the JMP oty I
Community (www.community.jmp.com). ’Y‘E:: gg:

Wafer Radius: 150

Edge Exclusion: 2

The Main Interface Notch Location: _ Battom

Show Distances in Microns (um)
The Semiconductor Toolkit has three main parts: the Tool Boxes Qrigin and Exchisions
across the top of the interface, the tool area below the tool box but- Include Partial Die: | No ¢
tons and the buttons for closing the Add-in and getting more infor- Orgin Looation: | UL Corner 2
mation. By default the Annotate Tool Box is active when the Add-in info
starts. To select a new tool box, click the desired button. This docu- A tool for converting existing plots to wafer maps.
ment will go through each tool in each tool box in the order that it Close Toolkit Credits and Information

appears in the interface. Figure 1: The Main Interface


www.community.jmp.com




The Annotation Menu

THE ANNOTATION TooL draws different elements of the wafer ge-
ometry over an existing graph or series of graphs in the same report.
The tool is divided into four sections: Actions, Window List, Parameters
and Origin and Exclusions. To annotate an existing graph select it from
the window list. If the graph is not in the list click "Refresh List."
Then click the button for the desired annotation.

AcTIONS contains the options for what to draw on the report. Draw
Wafer draws the wafer edge, exclusion edge, and notch location.
Draw Die draws only the die. Draw All draws both the wafer ge-
ometry and die geometry. In all cases when an action button is
pressed the previous annotations will be removed. Toggle Window

List hides the window list if it is too long or if additional screen space
is needed. Toggle Color Control shows a set of controls for choosing a
different color for the geometry lines.

Tue WINDOW LisT contains a list of available reports. Each report
will have a radio button next to it. Use this radio button to indicate
which report to draw on.

PARAMETERS contains the wafer geometry information. All units are
assumed to be millimeters, but can be changed to micrometers using
the check box at the bottom of the parameters list. The dimension
parameters are for the active area of a die. The kerf parameters are
the width of the scribe lines between die. Wafer Radius and Edge
Exclusion define the active area of the wafer. Notch location will
change where the notch is drawn. The default is "Bottom."

ORIGIN AND ExCLUSIONS contain the parameters for where the die
origin is located including an option to define an arbitrary origin.
The default is "UL Corner" (i.e., Upper Left Corner). The partial die
can be included using the Include Partial Die option.

Annotate Mapping Analysis Utilities
Annotation Tool
Actions
Draw Wafer Draw Die

Draw All

Toggle Window List

Window List

Refresh List

Parameters

X Dimension:

Clear Annotations

Toggle Color Control

10

Y Dimension:

10

X Kerf:

0.01

Y Kerf:

0.01

Wafer Radius:

150

Edge Exclusion:

2

Origin and Exclusions

Origin Location:

Notch Location: = Bottom
Show Distances in Microns (um)

Include Partial Die: = No
UL Corner

<O

A tool for converting existing plots to wafer maps.

Close Toolkit

Credits and Information

Figure 2: The Annotation Tool







The Mapping Menu

Annotate Mapping Analysis Utilities

Mapping Tool Set

Map Existing Data

Patterned Wafer Map Qenerate_ a quicK visualization of patterned wafers using
integer die coordinates.

Bare Wafer Map Generate an un-patterned wafer map from (x,y) coordinates
and a response

Build Shape Files

Use Die Index Generate the shape files required for creating wafer maps in
Graph Builder using the number of rows and columns of die.

Use Geometry Generate the shape files required for creating wafer maps in
Graph Builder using wafer using die geometry

Use Stepper Map Generate the shape files required for creating wafer maps in
Graph Builder using (x,y) coordinate pairs (stepper data)

Info

A collection of tools for generating wafer maps annd
generating shape files for Graph Builder.

Close Toolkit Credits and Information

THE MAPPING ToOL Box contains tools for generating wafer maps
for patterned and un-patterned (i.e., bare) wafers. While there is
some element of modeling in building a wafer map®, the main reason
for generating them is visual inspection of complex data. Because of
this, these tools are mainly focused on creating visual representations
of spatial data. The tools are divided into two subsets: Map Existing
Data and Build Shape Files. The tools in Map Existing Data provide
some summary and analytical capability for creating maps from ex-
isting data set. The Build Shape Files tools are for creating the support
files required for building patterned wafer maps in Graph Builder.

Figure 3: The Mapping Interface

* All Wafer Maps Are Wrong, JMP Discov-
ery Summit 2016, M. Anderson


https://community.jmp.com/t5/Discovery-Summit-2016/All-Wafer-Maps-Are-Wrong-An-Adventure-in-Semiconductor-Data/ta-p/24129
https://community.jmp.com/t5/Discovery-Summit-2016/All-Wafer-Maps-Are-Wrong-An-Adventure-in-Semiconductor-Data/ta-p/24129
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Patterned Wafer Map

Select Coordinates

Cast Selected Columns into Roles

Actions

~7 Columns Y,Response | [required OK

& Sampling Pattern

& Wafer ID Cancel

Ax

4y X, Die ‘ required numeric ordinal Reset

4 Respopse required numeric ordinal

4 Gaussian Pocess Formula

4 Gaussian Process Variance Wafer ID | required Remove

By | optional Recall

Summary Statistic: = Count Help

Color Theme: | Blue to Gray to Red

Die Style: = Outlined
Generate Table of Maps

MAPPING > PATTERNED WAFER MAPT uses die indices and a re-
sponse variable to generate a patterned wafer map. The platform also
provides summary statistic capabilities for the wafer map. To gener-
ate a wafer map put the response into v, RESPONSE. Next put the X
and Y die index columns into x, DIE. The Wafer ID goes in WAFER

ID and is required. If the response is Nominal or Ordinal, then the
optional v, LABEL field will become active. Use this field to label the
categories in the response column, i.e., Pass/Fail, Failure Type, etc..
A range of summary statistics can be selected from the suMMARY
sTATISTICS drop down menu. Color and Die Style can be controlled
using the second and third drop down menus. The GENERATE TABLE
OF MAPS check box will take the maps from the report and create a
JMP data table with the map in an expression column.

Wafer Maps
Wafer Map for Wafer Lot ID = "ABCD123" & Soft Bin Name = “fail*

Die
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]
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Figure 5: Example of the output for The
Patterned Wafer Map Tool.



Bare Wafer Map

Select Columns Cast Selected Columns into Roles Actions

~7 Goums Y, Response oK

& Sampling Pattern

& Wafer ID X, Coordinates | | required numeric continuous Cancel
4ax required numeric continuous

4y Reset
4 Response By optional character nominal
4 Gaussian Pocess Formula
4 Gaussian Process Variance
Waer Parameters Fitting and Display Parameters
Wafer Radius: ————(r————— 150 Fitting Method: | gimple Neural Network a
— Remove
ion Zone: ) > [ 2 Symmetry Transform: = Cartisian B
Map Resolution: ' Normal ﬁ Recall
Show Distances in Microns (um) |
Generate Table of Maps || Show Data Points Help

MAPPING > BARE WAFER MAP uses coordinate information and a
response variable to create a bare wafer map. The tool provides in-
formation about the quality of the fit for the smoothing algorithm
used. The tool currently supports Neural Network models - one type
in JMP and two types in JMP Pro and Gaussian Process Models. To
generate a wafer map put the response into Y, RESPONSE. Next put
the X and Y coordinate columns into X, COORDINATES. The wafer
size and exclusion edge are controlled using the sliders in the WAFER
PARAMETERS area. All units are assumed to be millimeters, but can
be changed to micrometers using the check box below the sliders.
The fitting method can be selected using the drop down menu. By
default either Neural Network or Pro Neural Network are selected,

depending on the version of JMP being used. The SYMMETRY TRANS-

FORMS drop down applys a transform to the (x,y) coordinates. See
below for more details. The map resolution increases the quality of
the final map by increasing the step size of the grid used in the Con-
tour Plot. The GENERATE TABLE OF MAPS check box will take the
maps from the report and create a JMP data table with the map in an
expression column. SHOW DATA POINTS will mark the final maps to
show where actual data was collected.
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Figure 6: The Bare Map Platform

Contour Plot for Predicted Resp By ing
Pattern Sampling Pattern=13 Site Production
150

Contour Plot for Predicted Response By
ing Pattern ing Pattern=49 Site Radial

150

100

T-0.12
V: -19976742.1
50

<150 -100 -50 0 50 100 150
x

Figure 7: Example of the output for The
Bare Wafer Map Tool.
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Symmetry Transforms

The following symmetry transforms are provided:

Table 1: Symmetry transforms available

Menu Item Description Usage Example Operation in the Bare Wafer Map Tool.
Cartesian Use (x,y) as provided in  Processes with no dis- (x,y)
the data table. cernible symmetry.
Radial Use the radius between Processes with radial or Va2 +y?
(x,y) and the wafer "bullseye" patterns.
center.
Y-mirror Plane  Treat data on the left and  Process appears to have (Ixl,y)
right side of the wafer as  a mirror plane running
if they are on the same through the center of
side. the wafer from top to
bottom.
X-mirror Plane  Treat data on the top and  Process appears to have (x, ly])

bottom of the wafer as
if they are on the same
side.

a mirror plane running
through the center of the
wafer from left to right.

Shape File Tools

The Shape File Tools generate a pair of tables that Graph Builder can

use to generate wafer maps directly. These tools were developed so

that once a layout is determined for a particular product the shape
files for that product could be generated and distributed within a
company. This would standardize the visual representation of the

data across the JMP users in that company. Due to the differences

in IT policy, the files are generated on the user’s Desktop and it is

left to the user to move these files to the correct location in the file

system. These locations can be found on page 308 in the JMP 13 book
"Essential Graphing." This book is included in the JMP install and can

be found under Help > Books > Essential Graphing in J]MP.

Panelt

17 Columns

& Sampling Pattern
& Wafer ID

Map Identifier: [Mask Set Name

Shape Parameters

Preview | | Generate
Cancel Reset

Recall Help

XKert: [ 0]

¥ Kert: 0

Waer Radius: 150
Edge Exclusion: 2
Notch Location: | Bottom g
Show

Origin and Exclusions.

Partials: | No B
Origin: | UL Corner B

Figure 8: The Shape File Using Die
Indices Platform



MarriNG > Uske D1k INDEX uses a table of die indices to generating
approximate wafer map shape files. The tool attempts to determine
the aspect ratio of the die based on the number of unique die in

the x and y directions. This will generally give a result that closely
approximates the actual die layout, but incomplete data sets may
impact the accuracy. To generate shape files provide the X and Y
index columns to the DIE x and DIE Y fields. The MAP IDENTIFIER
may be used to give the shape files a unique name. If the scribe line
widths are know they can be entered in the x/Y KERF fields. As with
the Annotation Tool, adjustments can be made to the die origin,
notch location, etc. using the menu items. See the section on that
Annotation Tool for each of the options. A preview can be generated
before committing to generating a shape file by clicking PREVIEW.
This will update the graphic and statistics in the Preview Area to
show where the origin die, i.e., die-(0,0), is located and the statistics
for number of die and wafer utilization. The origin die can be moved
by clicking the correct origin die in the preview window. The die
indices will then be adjusted in the preview. Once the map looks
correct in the preview pressing the GENERATE button will create a
folder on the desktop with the shape files and a test file to test the
map behavior in Graph Builder.

File Naming Preview

Map ifier: |Mask Set Name Map Name:

Map Directory: $Desktop/136Die-WaferMap

Shape Parameters

140 09
X Dimension: 25 08
Y Dimension: 15 r
X Kerf: 1 r
Y Kerf: 1
Wafer Radius: 150 —
Edge i 2

Notch Location: | Bottom B
Show Distances in Microns (um)

Origin and Exclusions [ o = %0
o,
Partials: | No < o 2
Origin: | UL Corner E o 3
Actions 0.5
0t
Preview Generate
Cancel Reset 0.8 8
—.
Recall Help -140 -120 -100 -80 -60 -40 -20 O 20 40 60 80 100 120 140
X
Die Active Area Waste Area
Active 136 Millimeters 51000 19685.8
Excluded 0 Microns 5.1e+10 -2e+10

Total 136 Fractional 0.722 0.278

Figure 9: The Shape File Using Die
Geometry Platform
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MAPPING > Use GEOMETRY is the most general form of the shape
file generation tools. To generate shape files provide a name for the
map in the MAP IDENTIFIER field. All units are assumed to be mil-
limeters, but can be changed to micrometers using the check box

at the bottom of the parameters list. The dimension parameters are
for the active area of a die. The kerf parameters are the width of the
scribe lines between die. Wafer Radius and Edge Exclusion define the
active area of the wafer. Notch location will change where the notch
is drawn. The default is "Bottom." Where the die origin is located
may be changed using the orIGIN option. The default is "UL Corner"
(i.e., Upper Left Corner) but there are options for "Body Centered"
as well an option to define an arbitrary origin. The partial die can
be included using the Include Partial Die option. A preview can be
generated before committing to generating a shape file by clicking
PREVIEW. This will update the graphic and statistics in the Preview
Area to show where the origin die, i.e., die-(0,0), is located and the
statistics for number of die and wafer utilization. The origin die can
be moved by clicking the correct origin die in the preview window.
The die indices will then be adjusted in the preview. Once the map
looks correct in the preview pressing the GENERATE button will cre-
ate a folder on the desktop with the shape files and a test file to test
the map behavior in Graph Builder.

Select Columns. Cast Selected Columns Into Roles. Preview

17 Columns

———————— MapName:
required numeric continuous Map Directory: $Desktop/<>Die-Wafermap
100

& Sampling Pattern
& Wafer ID

Y Coordinates | | required numeric continuous

Origin and Exclusions.

Partials: | No B 2
Origin: | UL Corner B

Active [] Milimeters 0
Excluded 0 Microns. 0 (]
Total 1 Percent 1

MAPPING > Ust STEPPER MAP uses a table of Lithography Stepper
coordinates, some times called a "shot map," to create a shape file of
the lithographic exposure fields. Where there is one die per field this
will be equivalent to a die map, however in production settings it is
common to have multiple die per exposure (field). So this may differ
in those cases. The settings are otherwise identical to the Die Index
tool.

Figure 10: The Shape File Using A
Stepper Map Platform



The Analysis Menu

Annotate Mapping Utilities

Analysis Tool Set

Spatial Analysis

Cluster Spatial Data | Spatially cluster defects or defective die on a wafer

Explore defect or failure data at the lot and wafer level using

Explore Patterned Data o ol
device level binning

Comparisons and Modeling

Compares the responses of two wafers for similarity without

Compare Wafer Maps s . :
requiring identical measurement coordinates

Info

A collection of tools for analyzing semiconductor data.

Close Toolkit Credits and Information

THE ANaLysis TooL Box contains a collection of tools for doing
various analytical processes that are common in the semiconductor
industry. The goals of the tools here are to move away from visual
inspection to towards conclusions and statistical analysis. The tools
are divided into two groups: Spatial Analysis and Comparisons and
Modeling. The spatial analysis tools focus on examining patterned
wafers, while the other group will focus on statistical comparisons,
root cause analysis and predictive modeling.

Cluster Spatial Data

ANALYSIS > CLUSTER DEFECTS is a front end for the Hierarchical
Clustering Platform with the spatial measures option used. This
front end recasts the general terms used in the Hierarchical Cluster-
ing Platform into terms that are more familiar to the semiconductor

Figure 11: The Analysis Interface
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Select Columns Cast Selected Columns Into Roles Select Shapes of Interest Action

7 Columns V.Response | [opton | Shapes: Importance: oK
i Sampling Pattern i g
& Wafer ID Die Coordinates | | optiona Angle: 1 Cancel
ax ® Radius: 1
4y a Reset
4 Response Field Coordinates | | optional Streak Angle: 1
4 Gaussian Pocess Formula Streak Distance: 1
4 Gaussian Process Variance Wafer D P Remove
Lot ID optional Recall
H
By optiona elp

Keep Dialog Box Open

industry. To run a clustering analysis place the columns in the ap-
propriate fields and click ok. Not all columns are required, but all
combinations of columns must be represented for each row in the
data set.

The Shapes of Interest area contains options for refining what the
clustering algorithm looks for and how important each feature type
is for the analysis. In general, leaving DIE: off will speed up the
analysis and is recommended.

Explore Patterned Data

Select Coordinates Cast Selected Columns into Roles Actions
~17 Columns. Y, Response required OK

& Sampling Pattern

d& Wafer ID [ Cancel

4x

4y X. Die required numeric ordinal Reset

4 Response : required numeric ordinal

4 Gaussian Pocess Formula

4 Gaussian Process Variance Wafer ID required character Remove
Summary Statistic: =~ Count Recall

Color Theme: = Blue to Gray to Red Help

(of ol o

Die Style: | Outlined

ANALYSIS > EXPLORE PATTERNED DATA generates a report that
supports exploration of binning and test data. It provides the same
summary statistics as the Patterned Wafer Map tool with additional
drill-down capabilities. To run the analysis provide the response into
Y, RESPONSE. Next put the X and Y die index columns into X, DIE.
The Wafer ID goes in WAFER ID and is required. If the response is
Nominal or Ordinal, then the optional v, LABEL field will become
active. Use this field to label the categories in the response column, i.
e., Pass/Fail, Failure Type, etc.. A range of summary statistics can be
selected from the sUMMARY sTATISTICS drop down menu. Color and
Die Style can be controlled using the second and third drop down
menus.

Figure 12: The Cluster Spatial Data Tool

Figure 13: The Explore Patterned Data
Tool

Patterned Data Explorer
Summary Map

Diey 18

i ) A
1 Gl Al Gl Bl

DieX

Display summary of : Display Wafer details for:

fail 8 <]
Figure 14: An example of the summary
report from the Explore Patterned Data
Tool



Patterned Data Explorer

Summary Map Map for Wafer ID: 9

B
NEEE
O

Die X

Display summary of : Display Wafer detas for:

fail B e B

Clicking ok will generate a report with a summary wafer map

and two drop down menus. The first drop down is a list of responses

or response labels in the data set. The second pull down is for the
wafers in the data set. Selecting a wafer will open a view of the se-
lected wafer. Clicking on a die in the summary map will produce a
summary report for that die across all wafers.

Compare Wafer Maps

Select Data Tables Cast Selected Columns into Roles Actions.

Discovery Presentation Figures jmp

Y, Response required oK
X, Coords required numeric Cancel
required numeric
Select Columns

= Reset
Interpolation Method: | Gaussian Process

optional

(o] o

Wafer Size (mm): | 12-inch (300 mm)
Remove

Recall
Instructions

Help
Select the two data tables you would like to compare.

‘The column names for the measurement coordinates and the
response variable need to consistent between the two data
tables.

ANALYSIS > COMPARE WAFER MAPS compares two wafer maps

with dissimilar sampling patterns, i.e., different products on the same

tool or process. The tool requires two data tables with the same col-
umn names. To generate a comparison select the two tables from the
list of open data tables. Move the response into Y, RESPONSE. Next
put the X and Y coordinate columns into X, COORDINATES. Select
the modeling method from the first drop down menu (Gaussian Pro-
cess is the default). Select the wafer size from the second drop down
menu. Click ok. The tool generates a Gaussian Process Model for
each of the wafers and then creates a contour map of the difference
between the two models.
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Figure 15: An example of the wafer de-
tails report from the Explore Patterned
Data Tool

Details for Die: (12,12)

Savetojournal | Closo

Wafer Distribution Summary Statistics
Tabulate Distributions.
SonEntiame Soft Bin Name
Wafor 1D fail__pass|

Frequencies
a0

Figure 16: An example of the die details
report from the Explore Patterned Data
Tool

Figure 17: The Compare Wafer Maps
Tool
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Figure 18: The output of the Compare
Wafer Maps Tool






The Utilities Menu

THE UTIiLITIES ToOL BOX contains tools that help with various data
manipulation tasks common to the semiconductor industry.

Annotate Mapping Analysis Utilities Figure 19: The Utilities Interface

Utilities Tool Box

Utility Functions

Attach Table Limits Populate the Limits Colur.nrf Property for any number of
columns from a table of limits.

Info

A collection of tools for common data manipulations tasks.

Close Toolkit Credits and Information

Attach Table Limits

UriLiTies > ATTacH TABLE L1MITs is a port of the tool by @txnel-
son. Detailed documentation for its use can be found on the commu-
nity 2, 2JMP Community > File Exchange >

Add-ins > Write Limits to a Data Table
from a Limits Table






The Credits and Information Menu

Look here for information about the contributors and the version
history of the Add-in. This is also where you can find the license
agreement for the Add-in.
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