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Chapter 1
Design for Manufacture Analysis

The entry level Design for Manufacture Analyses (DFMA) configuration includes the most
common analyses related to fabrication and assembly. DFM Analysisis best implemented to
verify adesign in an incremental manner leading to afinal DFM verification that incorporates
manufacturing optimization into the PCB design process.

Catching DFM issues at the design stage is critical because at each successive stage of the
production process, the cost of rectifying a problem increases significantly over the previous
stage. Design for Manufacture Analyses works seamlessly with your EDA system to take you to
the location of the manufacturing issue within your design tool.

DFM Analysis provides limited functionality that is sufficient for most customers. It differs
from the full-function analysis solution in these respects:

e DFMA isasingle user system. It does not require user logins and it benefits from a
simple, straightforward installation.

e DFMA does not require sophisticated customization tools. It does not support scripting,
user-defined attributes, or attribute assignment tools.

e DFMA does not require accessto VPL, and does not include the BOM Manager.

e DFMA comeswith a predefined set of checklists and ERF models. Complex features
like ERF sub-models are not supported.

e DFMA benefits from streamlined checklist management. An easy to use checklist editor
is sufficient.

e DFMA hasasimplified result review process. By default only critical results of critical
severity are reported. The Management Risk Assessment (MRA) result viewer is
replaced by asimpler Result Viewer. The number of resultsis smaller, because only the
most common DFM checks are performed. See “DFMA Result Viewer” on page 247.

Fabrication Analysis actions locate potential product model problems during bare board
fabrication. Each action covers a specific aspect of board fabrication. This includes copper
layers (signal, power and ground), support layers (solder mask and silk screen) and drill layers.

Assembly Analysisanalyses|ocate potential manufacturability problems during board assembly
and testability issues.

These are the benefits of performing thorough DFM analysis:

e Estimation of cost can be derived from the results of the analysis.

DFM Analyses User Guide, NPI11.0 11
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Design for Manufacture Analysis

e Manufacturing defects can be identified and corrected prior to tool creation.

e Design parameters can be extracted to provide input for planning, down to which
machines should be used for production.

e Rework considerations can be plugged into the design early on in the process.

Category FOrmMat ... 13
ANalysisS CoNStraiNtS . . ..ot 14
Internal Attribute Names . . ... ... 19
Fabrication ANalysiS. . ... 19
ASSEMbBIY ANalYSIS . . .o 19
S (= 1 1 20
Performing DFM ANalysSiS . .. ..o e e e e 21
Setting DFM Analysis Preferencesfor PADSLayout . .. ..., 21
Modifying AnalySiS CONSLraiNtS. . . ... oot e 22
Creating Feature Attribute RUleS . . .. .. ... . 25
RUNNING DFEM ANalysSiS . ..o 27
Terminology . . ..o 28
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Design for Manufacture Analysis
Category Format

Category Format

In this document, each result category is described in atable of information.

Analysis Category

The ERF range name that definesthe resultsfor the category; determines
the red, green, yellow classifications.

M easurement Shape

Point displayed as an X.

Line skeleton

Linedisplayed in full width, such asline summary or sliver.
Circle

Square

e Arc

Bounding box that envelopes contours, such as abox to indicate a
covered pinhole.

M easurement Value

A number expressing the value of the measurement.

¢ Distance

e Percent

e Area

e Angle

e Linewidth
e Pitch

¢ 3D distance
e Ring

Measurement IDs

The type of featuresinvolved in the measurement. The Results Viewer
displays types, sizes and symbols of featuresinvolved in the
measurement. See “DFMA Result Viewer” on page 247.

May 2019

Layers Displayed The relevant layers displayed.
Graphic A picture representing a typical measurement.
Purpose The reason the category is needed.
Function The measurements reported by the category.
ERF Parameters The ERF parameters and variables that affect this category.
ERF Variables
Limitations Any restrictions, or lack thereof, of the results of this category.
DFM Analyses User Guide, NPI11.0 13
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Analysis Constraints

Analysis Constraints

Constraints are reference values used to indicate the threshold at which a measurement becomes
acritical violation. Thistable provides alist of categories and the constraints that govern the
results they report, arranged by analysis type. In each case, the constraint defines a critical

result.

See “Modifying Analysis Constraints’ on page 22.

Drill Analysis Constraints

Table 1-1. Categories and their Constraints - Drill Analysis

Constraint Prompt

Affected Category

Category (internal name)

Mounting Hole Size Mounting Holes mount_holes
NPTH Size NPTH Summary npth
PTH Size PTH Summary pth
Pated Slot Summary slot_pt
Tooling Hole Size Tooling Holes tooling_holes
VIA Size Via Summary via
no constraint required Duplicate Holes duph
Missing Holes missh
No Thermal no_thermal
Touching Holes touchh

14
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Analysis Constraints

Signal Analysis Constraints

Table 1-2. Categories and their Constraints - Signal Layer Analysis

Constraint Prompt Affected Category Category (internal name)
Feature Spacing Pad to Pad p2p
Pad to Circuit p2c
Circuit to Circuit c2c
Pads pad
Lines line
Shaved Lines shaved line
Arcs arc
Shaved Arcs shaved_arc
Line Neckdown neckdown
Text text
Text Touches Copper text_touch_copper
Sliver diver
Short Sliver short_dliver
Spacing Length spacing_length
Same Net Spacing self _spacing
CAD Self Spacing cad self spacing
Conductor Width conductor_width
Hole Registration PTH Registration reg
NPTH Registration npth_reg
ViaRegistration via reg
Hole to Feature Spacing | NPTH to Pad npth2p
NPTH to Circuit npth2c
PTH to Copper pth2c
Viato Copper via2c
Tooling Hole to Exposed thole2exp_copper
Copper pth2c_same net
PTH to Copper Same Net
Plated Hole AR PTH (Comp) Annular Ring pth_ar
ViaAnnular Ring via_ar
Blind Via Annular Ring blind via ar
Buried ViaAnnular Ring buried via ar

DFM Analyses User Guide, NPI111.0
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Design for Manufacture Analysis

Analysis Constraints

Table 1-2. Categories and their Constraints - Signal Layer Analysis (cont.)

Constraint Prompt Affected Category Category (internal name)
Via Spacing Viato Via via2via

Exposed Viato Exposed Via | exviaZexvia

Exposed Viato Exposed exviazexc

Copper
no constraint required NPTH Annular ring npth_ar

SMD Pads smd_pad

Stubs stub

Text to Text text2text

Power and Ground Analysis Constraints

Table 1-3. Categories and their Constraints - Power and Ground Analysis

Constraint Prompt

Affected Category

Category (internal name)

Copper Spacing Slivers dliver
Short Slivers short_dliver
Plane Spacing plane_spacing
Segmentation segmentation_lines
Hole Clearance PTH Contains Clearance pth_cont_clr
Via Contains Clearance via_cont_clr
NPTH Contains Clearance npth_cont_c
Hole Registration PTH Registration pth _reg
NPTH Registration npth _reg
ViaRegistration via reg
Non-plated Hole Spacing | NPTH to Copper npth2c
NPTH to Plane npth2p
Plated Hole AR PTH Annular Ring pth2t
Plated Hole Spacing PTH to Copper pth2c
PTH to Plane pth2p
Viato Copper via2c
Viato Plane viazp
no constraint required Missing CU for Via miss_cu

16
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Analysis Constraints

Solder Mask Analysis Constraints

Table 1-4. Categories and their Constraints - Solder Mask Analysis

Constraint Prompt

Affected Category

Category (internal name)

Gasket Size SMD Pad Gasket neg_ar_smd
Undrilled Pad Gasket neg_ar_ndrl_pad
PTH Pad Gasket neg_ar_pth pad
ViaPad Gasket neg_ar_via pad

Hole Pad AR ViaPad Annular Ring ar_via pad
PTH Pad Annular Ring ar_pth pad
NPTH Pad Annular Ring ar_npth_pad

Plated Hole PTH Annular Ring ar_pth
ViaAnnular Ring ar_via

PTH Gasket Size PTH Gasket neg_ar_pth

SMD Pad AR Via Gasket neg_ar via
SMD Annular Ring ar_smd
Undrilled Pad Annular Ring ar_ndrl_pad
Pad Annular Ring ar_pad

SM Feature Spacing Coverage coverage
SM Sliver diver
SM Short Sliver short_ diver
Pad to Pad Spacing pad_to pad
Pad to Non-Pad Spacing pad_to non
Non-Pad to Non-Pad Spacing | non_to_non

no constraint required

Extra SM -Missing Copper
Missing NPTH Clearance
Missing PTH Clearance
Missing SMD Clearance
Missing Testpoint Clearance

Missing Undrilled Pad
Clearance

Missing VIA Clearance
NPTH Touches Mask

ext_sm_copper_miss
npth_miss

pth_miss

smd_miss

tp_miss

ndrl_miss

via_miss

npth2m
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Analysis Constraints

Silk Screen Analysis Constraints

Table 1-5. Categories and their Constraints - Silk Screen Analysis

Constraint Prompt Affected Category Category (internal name)
Line Width Line Width ss line
String Line Width str_line_width
NPTH Spacing NPTH Pads Clearance ss2pad_npth
NPTH Clearance ss2npth
PTH Spacing PTH Pads Clearance ss2pad_pth
PTH Clearance ss2pth
SMD Spacing SMD Clearance s2pad_smd
Undrilled Pads Clearance ss2pad_undrl
VIA Spacing Via Pads Clearance ss2pad via
ViaClearance Sss2via

Component Analysis Constraints

Table 1-6. Categories and their Constraints - Component Analysis

Constraint Prompt

Affected Category

Category (internal name)

no constraint required

Comp. Under Component
Comp. Overlap

c_under_c
comp_overlap

Testpoint Analysis Constraints

Table 1-7. Categories and their Constraints - Testpoint Analysis

Constraint Prompt Affected Category Category (internal name)
Exposed Copper Spacing | Testpoint to Exposed Copper | tp2c
Testpoint to Testpoint Testpoint to Testpoint tp2tp

tp2tp;<PkgType>

tp2tp;<PkgTypeA><PkgTypeB>

Solder Paste Analysis Constraints

Table 1-8. Categories and their Constraints - Solder Paste Analysis

Constraint Prompt

Affected Category

Category (internal name)

no constraint required

SMD Pad Without Solderpaste
Solderpaste Not on SMD

smd_without_sp
sp_non_smd
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Internal Attribute Names

Step, job, component, feature, and net attributes used in fabrication analysis and assembly
analysis have internal names (which might be found in legacy data) and display names.

The system truncates strings containing more than 64 characters for the purpose of analysis. A
warning message appearsin the log:

“Feature <feature_number> in layer <layer _name>: value of attribute <attribute_name> was

truncated.”

Fabrication ANalySiS . . ... 19
ASSEMbBlY ANalYSIS . ..o 19
S 1= 2 20

Fabrication Analysis
These attributes are used in fabrication analysis.

Internal Attribute Name | Display Name Entity Type
.copper_weight Copper Weight (0z) Layer

drill Drill Type Feature
hatch Hatch Feature
.hatch_border Hatch Border Feature
Jayer_dielectric Thickness of Dielectric Below Layer Layer
.nomenclature Copper Text Feature
.smd SMD Pad Feature
.string Copper Text String Feature

test point ICT Test Point Feature

Assembly Analysis
These attributes are used in assembly analysis.

Internal Attribute Name | Display Name Entity Type
drill Drill Type Feature
.nomenclature Copper Text Feature
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System
Internal Attribute Name | Display Name Entity Type
.pad_usage Pad Usage Feature
.pad_usage = g_fiducial Pad Usage=g_fiducial Feature
.smd SMD Pad Feature
.string Copper Text String Feature
tear_drop Tear Drop Feature Feature
test_point ICT Test Point Feature

System

The system uses these attributes for defining the product.

Internal Attribute Name | Display Name Entity Type
al_eda layers All EDA Layers Step
artwork Feature Source Feature
.comp_variant_list Component Variant List Component; Package
.data_source Data Source Job; Step
.dielectric_constant Dielectric Constant (ER) Layer
.eda_layers All EDA Layers Layer
.geometry Geometry Feature
.n_electric Non Electrical Feature Feature
.string_angle String Angle Feature
.string_justification String Justification Feature
.string_mirrored String Mirror Feature
variant_list Jog Variant List Job
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Performing DFM Analysis

Performing DFM Analysis

DFM Analysisis performed by running a setup process and an analysis process.

Setting DFM AnalysisPreferencesfor PADSLayout ........................... 21
Modifying AnalysisConstraints. .. ...t 22
Creating Feature AttributeRules . ... ... ... . 25
RUNNINGDFM ANalysSiS. . ..o e e e e e e e 27

Setting DFM Analysis Preferences for PADS Layout

Use the DFM Analysis wizard to specify the units of measure in which to view results, to edit
default constraints used to set violation thresholds, and to construct rulesfor assigning attributes
to features of the design during translation.

The next time you open the DFM Analysis wizard, options display as you set them. The

constraint valueslist should display in the units of measure you chose, and the measurementsin
the Result Viewer should also display in the units you chose. See “DFMA Result Viewer” on

page 247.

Procedure
1. Inyour PADS Layout application, select Tools> DFM Analyses > Setup.
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Modifying Analysis Constraints

The DFM Analysis wizard opens:

S

‘Welcame ko the DFMA setup wizard, The wizard is a
convenient way ko skart confiquring wour DFM analysis
environment, The wizard requires ODE++ generation

DFMA Preferences

infarmation, analysis requirements, and general
information, Enker parameter values in accordance

= with wour analysis needs,
Application Preferences
Specify display unitsy Imperial - ]
Preview analysis constraints: @ ‘Yes () Mo
[ Open Constraints Editor ]
#ssign feature attributes by rules: @ Yes () Mo
l Open Attribute Assignment Editor ]

L]

[ I Save ” W Stop ” kb Mext

-references - 33 - Running in Setup mode - 1124

2. In Specify display units? select Imperial or Metric.

This controls the unitsin which to display constraint values in the wizard, and analysis

measurementsin the Result Viewer. See “DFMA Result Viewer” on page 247.

3. Toview or modify the constraints, set Preview analysis constraints = Yes, and click the
Open Constraints Editor bar. See “Modifying Analysis Constraints’ on page 22.

4. To create attribute rules, set Assign feature attributes by rules = Y es, and click the Open
Attribute Assignment Editor bar. See “Cresating Feature Attribute Rules’ on page 25.

5. Click Next.

A message box opens stating that your setup values have been saved.

6. Click Next again to exit the application.

Modifying Analysis Constraints

DFM Analysis reports results that violate constraint values. Constraints specify the threshold at

which a measurement becomes a critical violation. Y ou can use a system default set of

constraints, or customized constraints stored with the product or saved as an external file.
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Modifying Analysis Constraints

For alist of constraints and the categories they affect, see “ Analysis Constraints’ on page 14.

Procedure

1. Openthe DFMA wizard as described in “ Setting DFM Analysis Preferences for PADS
Layout” on page 21.

2. Inthe DFMA wizard, set Preview analysis constraints = Y es, and click the Open
Constraints Editor bar.

The Constraints Editor opens displaying the constraints whose values can be modified:

& DFMA Constraints Editor: EI@

File  Tools
H T w T

T

Analysis Type -= Constraint Walue
4 Silk Screen
SMD Spacing 4 rnils
WA Spacing 4 rnils
PTH Spacing 4 rnils
MPTH Spacing 3 rnils
Line Width 3 rnils
4 Solder Mask
WD Pad AR 5 rmils
M Feature Spacing 3.5 mils
PTH Gasket Size 2 mils
Gasket Size 3 mils
Hole Pad AR 2.5 mils
Plated Hale 4 rnils
4 Signal
Feature Spacing 4 rnils
Hale to Feature Spacing 3 rnils
Plated Hale &R 4 rnils
Hole Registration 1 nils
Wia Spacing 4 rnils
4 Powver/Ground
Plated Haole Spacing 8 rnils
Mon-plated Hole Spacing 9 rnils
Haole Registration 1rnils
Plated Hale AR 5 rmils
Hale Clearance 5 rmils
Copper Spacing 5 mils
4 Drills
PTH Size 10 mils
MPTH Size 10 mils
WIS, Size 4 mils

Irnperial units

The Constraints Editor does not display categories reporting go/no-go type violations.
For example, Missing Holes, NPTH Annular ring, Missing VIA Clearance, SMD pads
without Solderpaste.
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3. Usethe File menu options as needed:

File Option Explanation

Load Opens the Select ERF congtraint file path dialog box. Navigate to the
location of the constraint file, and select it.

Save Saves the modified constraint file in the current location. The default
file of the system is not affected.

Save as Saves the modified constraint file at alocation of the user’s choice.

Close Closes the Constraint Editor.

4. Usethe Tools menu options as needed:

Tools Option Explanation

Restore Design Restores system default values for all constraints.

Defaults

Switch Units Switches the display units of constraints between imperial and metric

Expand All Expands the constraints tree to display all analysis types and their
constraint value.

Collapse All Collapses the constraints tree to display only the analysis types.

5. To modify aconstraint value, double-click the numerical value and enter a different
value. Placing the cursor over the selected value displays atooltip stating the valid range
for the constraint.

6. If you want to save the values for future DFMA runs, select File > Save to save the
modified constraints.

Y ou do not have to save modifications to affect the current DFMA run. The constraint
file found with the project is always used for running the analysis.

Saving customized constraints does not overwrite system values. If saved, they are
always saved at the current location with the project. If not saved, they are saved with
the project when you close the application or move to another window.

Alternatively, use the Save as option to save the modified file at alocation of your

choice.

7. Touseaconstraint file other than the default system file, select File > L oad and access
the stored file. It replaces the file in the project.

8. Torestore the default system file, select Tools > Restore Design Defaults.
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Creating Feature Attribute Rules

Y ou can set rulesto be used for assigning attributes to features when the design isimported. The
Attribute Assignment Editor uses the file attribute_assignment.xml, found in the folder

containing the DFM4PADS executable.

If you want to save your attribute definitions, and not have them overwritten the next time you
use the Attribute Assignment Editor, give the file adifferent name or saveit in adifferent

location.

For alist of the attributes available for DFM analysei, see “Internal Attribute Names’ on

page 19.

Procedure

1. If you have an existing attribute file that you want to edit, copy thefile to the file named
attribute_assignment.xml in the folder containing the DFM4PADS executable.

2. Open the DFMA wizard as described in “ Setting DFM Analysis Preferences for PADS
Layout” on page 21.

3. Inthe DFMA wizard, set Assign features attributes by rules = Yes, and click the Open
Attribute Assignment Editor bar.

The Attribute Assignment Editor opens.

& Attribute Assigrment Editor [ [-E| =]
File  Edit
Attribute Value Type Prefix Mumber  Suffix Side Drill
1 Pad Usage g_fiducial padstack FID [ 3 Top
2 5D Pad YES padstack Top
B-Rnut Compensate none padstack Top
4 Select padstack Top

current row 3, regular expression for search - %

Close

)

The values stored in attribute_assignment.xml display in the relevant drop-down lists.

4. Use the menu options as needed:

e TheFile menu options are:

File Option Explanation

New Clearsthe grid.

Reread Readsin the valuesfrom the attribute_assignment.xml file, overwriting
the information currently displayed in the grid.
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File Option Explanation

Save Saves the displayed assignmentsto file attribute_assignment.xml; the
path is displayed in the status line.

Close Closes the Attribute Assignment Editor.

e The Edit menu options are:

Edit Option Explanation

Copy Copiesthe values of Value, Type, Prefix, Number, Suffix, Side, Drill
from the selected row.

Cut Cuts the selected line.

Paste Pastes the values of Vaue, Type, Prefix, Number, Suffix, Side, Drill to
the selected row.

Delete Deletes the selected row.

Add row Adds arow at the bottom of the grid.

e For aselected row, these are the right-click menu options:

Right-Click Option | Explanation

Copy Copies the information in the selected row.
Cut Cuts the information from the selected row.
Paste to current — Pastes the copied or cut values of Value, Type, Prefix,

Number, Suffix, Side, Drill to the selected row.
at end — Adds the copied or cut row to the end of the grid.

Delete Deletes the selected rows.

Insert new row Inserts a new row with default values to one of these positions: before
current, at end.

Insert copied row Inserts the copied or cut row above the selected row.

5. For each attribute to be assigned to features, specify the following:

Column Explanation

Attribute Select the attribute to be set.

Vaue Select the value to be set for the attribute.

Type The type of feature for which to set the attribute: padstack or refdes.

Prefix The attribute will be set for features with this prefix.

Number Indicates whether the attribute should be assigned only for a feature
with anumber in the regular expression.
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Column Explanation

Suffix The attribute will be set for features with this suffix.

Side The attribute will be set for features on this side: Top or Bottom or
Both.

Drill The attribute will be set only on drill layers.

6. Savethefile, and close the editor.

If you have entered incorrect values, awarning displays. Y ou will not be able to save the
file until you correct the errors.

7. 1If necessary, rename the attribute_assignment.xml file or save it in a different location
so that it is not overwritten the next time you edit attributes.

Running DFM Analysis

After setting and saving parameters and preferencesin the DFM Analysis wizard, you can run
the DFM analysis process. The analysisis run using either system or user-modified constraints
to determine a threshold for each analysis type, and reports only critical violations.

Procedure
1. Inthe PADS Layout, select Tools> DFM Analyses > Start Analysis.

The constraint values list opens with a wizard message prompting to review or edit
analysis constraint values.

2. Review or edit constraintsasin “Modifying Analysis Constraints’ on page 22, and click
in the wizard message box to continue.
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DFM analysisis performed on the project, and the Result Viewer opens with another
wizard message prompting to review the DFM results. See “DFMA Result Viewer” on

page 247.

Fil=  Edit  Wiew

Results  Tools  Help

HEES @ Qa8 *vid €6 4@ K (P N 2a»w DEaEK T

T A2 Layer List - fabrication (12779 [ 9) #||Category Pad annular Ring (STD
= =1 Drill Checks (STD) (5 0) gory g (5TD)
E] IO PTH Summary (S | 0} Measured  Omil 1 of 387
y =I- Signal Laver Checks {(Outer) {66 | 2)
O mctsiksoreen_... avere (201 Threshold 425
O . mi_arbwork_02 Shart Slivers (3] 1) IE?:"BL'_ " F1cb_.soli|.er_mask_02_28
Stubs (33 lll D) Elc [ abrication
Oomm— S, T o
@] me_bsilkscreen_... Exposed via ko exposed via (2 | 0) FID 2 e
Exposed via ko exposed copper (3 0) ags e
O puunihihity Text kouches Copper (19§ 0)
me_crill_drawir... =1 Solder Mask Checks (STD) (1578 ] 7)
0 PTH annular Ring {2 | ) Elements riis o
O drill SMD annular Ring (386 | 5) Met name LOGIC_DY
Pad annular Ring {387 | 23
il s Coverage (42 ] 0)
M slivers (24 ] 0) W
£ >

(:) Histagram @ Layer

M o= S9_EEB47430", T = 3_.9Z04436"

Signal mc_artwork_02, 5867 features, eda layers=Bottom, comment=

[i] <« (] (m] »r

Terminology

Conventions, abbreviations and acronyms are used in descriptions of the analyses.

Term Explanation
NFP Non-functional pad.
NPTH Non-plated through hole.
PTH Plated through hole (component hole).
Via Viadrill.
Text A feature of typetext or aline, arc, or pad tagged with the feature
attribute Copper Text.
Circuit A line, arc or surface used to facilitate the flow of electricity.
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Term

Explanation

ro

Null feature ID. In many analysis categories there are two associated
features, such astwo padsin the pad to pad spacing category.
Sometimes, when a drill annular ring is measured, there are two
features, namely the pad and the drill. But there may be cases where
there is an annular ring measurement between adrill and adrawn
surface. In that case there is no pad to refer to; the ID will be an rO null
feature.

RM

Reliability Margin. The RM is defined in the ERF variableslist at the
end of each Action chapter.

DRA

Design Registration Allowance. The DRA for a category isthe margin
between the minimum measurement in the category and the RM. The
DRA for aboard is the minimum of all DRAs for categories for which
aDRA isdefined.

Plated Hole

Thisterm isused to refer to PTHs and vias only.
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Chapter 2
Fabrication Analysis - Drill Checks

The Drill Checks action is aread-only action that finds potential manufacturability defectsin
drill layers (through, buried and blind vialayers) and generate statistics on drill layers. The
action isintended to operate only on drill layers. It usesthe drill layer, the top and bottom layers
of itsdrilled stack and any power and ground layersin the stack.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Drill Checks ... ... 31
AttributesUsed in Drill Checks . . ... ... i 32
Thermal ConNeCtion . ... ... i e e 33
PCB ASPECE RaLI0. . . . oottt e 34
Categoriesin Drill Checks . ... ... 35
PTH Summary (HOIE SIZE) . .. ..o e e e 36
NPTH QUMM Y . .o e e e e e e e e 37
ViaSummary (HOle SIZe). . . ..o 38
Plated Slot Summary (HOle SIize) . .. ...t e 39
ToolingHoles(HOIe SIZe) . ... e 40
Mounting Holes (Hole Size) . . . ... ..o e 41
Duplicate Holes (Hole Separation) . . . ... .. ovi e e e e e 42
Touching Holes (Hole Separation) . . . ...t e e 43
Close Holes (HOle Separation) . . . . ..o v vt e e e 44
Missing Holes (MisSINng HOIES) . ...t e e e 45
No Thermal (Thermal Connection) ..............i it 46
TH Aspect Ratio (PCB ASpPect Ratio) .. ......ooie e 47
ERF Parametersfor Drill Checks . ........ . . i e 48
ERF Variablesfor Drill Checks. . ... e 49

Tests Performed in Drill Checks

Several drill checks analysistests can be run. For each test performed, results might be reported
to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

Hole Size— Provides alist of all PTHs, NPTHSs, and vias, aswell as NPTHs that need pilot
drills.

Hole Separ ation — Reports duplicate holes, touching holes and close holes.
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Attributes Used in Drill Checks

Missing Holes — Reports missing drills for non-SMD pads.

Thermal Connection — Reports the absence of thermals for through-hole pin drills and
calculates the total copper areaof thermal connections through all negative power and grand

and mixed layers.

PCB Aspect Ratio — Reports the relationship between board thickness and drilled hole
diameters for the smallest through hole and vias (standard, blind and buried) in the tested drill

layer.

Attributes Used in Drill Checks

Attributes assigned to features, layers, or the board in the product model control the analysis.

Feature Attributes

Table 2-1. Drill Checks Feature Attributes

Name Description
Drill Type The feature attribute Drill Typeis attached to all drill holes on the drill
layers. It defines the type of drill and is used extensively in fabrication.
Pad Usage The feature attribute Pad Usage is attached to pads on outer signal
layers. It value can be one of the following:
toeprint
via
g_fiducia
|_fiducial
tooling_hole
SMD Pad This feature attribute should be attached to outer layer pads which are
lands for SMD components. It is set by the ‘ Set SMD Attribute
Cleanup Action.
Tooling Hole Thisfeature attribute is attached to drill featuresto indicate that they are
tooling holes.

Layer Attributes

Table 2-2. Drill Checks Layer Attributes

Name

Description

Copper Weight (0z)

The weight in ounces of one square inch of copper (default=10z)
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Thermal Connection

Table 2-2. Drill Checks Layer Attributes (cont.)

Name Description

Thickness of The thickness of the insulating layer of laminate between copper layers
Dielectric Below (default=0.0001in.)

Layer

Board Attributes

Table 2-3. Drill Checks Board Attributes
Name Description

Thickness The thickness of the printed circuit board

Thermal Connection

Through hole pins with too many thermals or too much copper areain the thermal connections
associated with them create poor solder joints.

The No Thermal category detects drills lacking thermal's and, according to their size, report the
total copper area associated with them.

The measurement value is calculated as <number of thermal spokes> * <width of spokes> *
<layer thickness> (as found in the layer attribute .copper_weight * 1.35 [the thickness of 1
ounce of copper]).

If you work in metric units, multiply the number obtained for layer thickness by the tranglation
factor 25.4.

The width of a spoke is measured from one side to the opposite side of the spoke gap.
Measurements are cumul ative.

(7R, s
\;5@

Identified thermals are symbols of 3, 4, or 5 spokes. Thermals of more than five spokes,
unsymmetrical thermals, or drawn thermals are not always recognized and are reported to
category ‘No Thermal’.
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PCB Aspect Ratio

Aspect ratio describes the relationship between drill span and drilled hole diameter. It is
important because if holes are too small for a given span, they cannot be successfully plated.
Theratio isusualy givenin the form 8:1, that is, drill spanis eight timesthe drilled hole
diameter.

Boards stored in ODB++ already contain the required information in various attributes
(Thickness, Copper Weight and Thickness of Material) and individual drill tables.

Drill Checks report the aspect ratio for the smallest through hole and vias (standard, blind and
buried) on adrill layer. Each category reports the aspect ratio calculated as <drill _span>/
(<hole_size>+const).

e <drill_span>— Asdetermined by v_aspect ratio_calc_drill_span, isthe value of board
attribute Thickness (recommended where al drillsare through hole and standard vias) or
the calculation of the drill span obtained from the layer attributes Copper Weight and
Thickness of Material (recommended where blind and buried vias are present and these
attributes have been accurately defined).

For regular viadrills, the spanis considered as piercing all copper layers—adrill span of
3 layerspierceslayer 1, 2 and 3. For vias of type laser or photo, the span isto the last
layer, but does not pierce it.

e <hole size> — The size of the smallest plated through hole or viain the layer (diameter
for circular pads or diagonal of the bounding box for non-circular pads). Plated slots are
ignored. Whether to use finished or unfinished drill diameter is determined by
ERF variable v_aspect ratio by finished size.

e const — The correction constant determined by ERF variable
v_pcb_aspect_ratio_correction.

If v_aspect_ratio_calc_drill_span = 0 and attribute Thickness does not exist, or itsvalueis zero
or a negative number, avery large value (10000) is reported to the relevant categoriesto
indicate a critical problem. One of these messages is printed to the log:

e Job attribute <Thickness> does not exist. (Unreliable resultsin Aspect Ratio categories.)

o |llegal value for job attribute <Thickness> (0.000000). (Unreliable resultsin Aspect
Ratio categories.)
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Categories in Drill Checks

Several drill checks analysistests can be run. For each test performed, results might be reported
to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

Table 2-4. Result Categories for Drill Checks

Category

Description

PTH Summary (Hole Size)

Reportsthe size of all PTH holesin the layer with attribute Drill
Type=PTH.

NPTH Summary

Reports the size of all NPTH holes in the layer with attribute
Drill Type=NPTH.

Via Summary (Hole Size)

Reportsthe size of al viaholesin the layer with attribute Drill
Type=Via

Plated Slot Summary (Hole
Size)

Reports the size of al plated dotsin layer with attribute Drill
Type = PTH.

Tooling Holes (Hole Size)

Reportsall drill featureswith attribute Tooling Hole, and inserts
each as a measurement.

Mounting Holes (Hole Size)

Reports al drill features with attribute Mounting Hole, and
inserts each as a measurement.

Duplicate Holes (Hole
Separation)

Reports holes whose centers are closer than duph_tolerance.

Touching Holes (Hole

Separation)

Reports touching holes whose centers are further apart than
ERF variable duph_tolerance.

Close Holes (Hole

Separation)

Reports non-touching holes closer than close_hole_dist.

Missing Holes (Missing
Holes)

Reports pads in the top and bottom layers of the drilled stack of
the inspected drill layer where the appropriate conditions apply.

No Thermal (Thermal

Reports drills connected to alarge plane (at least ten times

Connection) larger than the drill) without an interceding thermal on negative
and positive Power and Ground or mixed layers. Surfaces
bearing the .tear_drop attribute are ignored.

TH Aspect Ratio (PCB Reports an aspect ratio for the smallest plated through hole in

Aspect Ratio) the layer, calculated as: <drill_span>/ (<hole_size> + const).
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PTH Summary (Hole Size)

PTH Summary (Hole Size)

Reports the size of al PTH holesin the layer with attribute Drill Type = PTH.

Analysis Category <Area>:pth

Measurement Shape | Square

Measurement Entity | Pad (representing a PTH)

Layers Displayed Drill layer

Graphic

ap 5 O
D
rF_%

Purpose The process of reviewing sizes of plated through holes used for
components is necessary to determine that the holes are not smaller than
accepted fabrication and assembly tolerances.

Function Reports the size of al PTH holes in the layer with attribute Drill Type =
PTH. Requires setting of the attribute by direct EDA input.

ERF Parameters pp_drill_layer

ERF Variables

Constraint PTH Size

Limitations
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NPTH Summary

NPTH Summary

Reports the size of al NPTH holes in the layer with attribute Drill Type = NPTH.

Analysis Category <Area>:npth
Measurement Shape | Square representing NPTH
Measurement Entity | Pad (representing an NPTH)
Layers Displayed Drill layer
Graphic
Purpose The process of reviewing non-plated through holes is necessary to find
which holes are used, their location and their minimum and maximum
Sizes.
Function Reports the size of all NPTH holes in the layer with attribute Drill
Type=NPTH. Requires setting of the attribute by direct EDA input.
ERF Parameters pp_drill_layer
ERF Variables
Constraint NPTH Size
Limitations
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Via Summary (Hole Size)

Via Summary (Hole Size)
Reports the size of al viaholesin the layer with attribute Drill Type = Via.

Analysis Category | <Area>:via

Measurement Shape | Circle

Measurement Entity | Pad (representing avia)

Layers Displayed Drill layer

Graphc

Purpose Reviewing sizes of via holes is necessary to determine that the holes are
not smaller than the accepted fabrication tolerances.

Function Reports the size of all via holesin the layer with attribute Drill Type =
Via Requires setting of the attribute by direct EDA input.

ERF Parameters pp_drill_layer

ERF Variables

Constraint ViaSize

Limitations
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Plated Slot Summary (Hole Size)

Plated Slot Summary (Hole Size)

Reports the size of al plated dotsin layer with attribute Drill Type = PTH.

Analysis Category <Area>:dlot_pt

Measurement Shape | Shape

Measurement Entity | Slot

Layers Displayed Drill layer

Graphic

A
Function Reports the size of all plated dotsin layer with attribute Drill Type =
PTH. Requires setting of the attribute by direct EDA input.

ERF Parameters pp_drill_layer

ERF Variables

Constraint PTH Size

Limitations
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Tooling Holes (Hole Size)

Tooling Holes (Hole Size)

Reports all drill features with attribute Tooling Hole, and inserts each as a measurement.

Internal ERF Name | <Area>:tooling_holes

Measurement Shape | Circle
Measurement Entity | Pad (representing atooling hole)

Layers Displayed Drill layer

Graphic

Purpose Tooling holes are non-plated through holes on aboard, used in the
manufacturing process to align it during various processes such as
autorout, ATE, and IFX Functional Tests.

Function Reports all drill features with attribute Tooling Hole, and inserts each as
ameasurement. This category provides an ASCII summary of all tooling
hole sizesin the layer.

ERF Parameters pp_drill _layer
ERF Variables
Constraint Tooling Hole Size
Limitations
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Mounting Holes (Hole Size)

Mounting Holes (Hole Size)

Reports al drill features with attribute Mounting Hole, and inserts each as a measurement.

Analysis Category <Area>:mount_holes

Measurement Shape | Circle

Measurement Entity | Pad (representing a mounting hole)

Layers Displayed Drill layer

Graphic

Purpose Mounting holes are a pattern of holes on a PCB used to attach the PCB
to another object. The object may be another board, chassis, or sheet
metal. If tolerances are suitable, mounting holes may aso serve as
tooling locations for assembly and test operations.

Function Reports al drill features with attribute Mounting Hole, and inserts each
as ameasurement. It provides an ASCII summary of all mounting hole
sizesin the layer.

ERF Parameters pp_drill_layer

ERF Variables

Constraint Mounting Holes (Hole Size)

Limitations
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Fabrication Analysis - Drill Checks
Duplicate Holes (Hole Separation)

Duplicate Holes (Hole Separation)

Reports holes whose centers are closer than duph_tolerance.

Analysis Category <Area>.duph

Measurement Shape | Shape representing drill

Measurement Entity | Two pads (representing any drill)

Layers Displayed Drill layer

h. uplicate holes - one on top of the other, whose

Grap ¢ i ‘F/ Eerlltlerstarle -:II-:-ser than dltlplh Lil-u:;lnm l

Purpose Duplicate holes (holes with same size and location) serve no purpose.
They just lengthen the drilling process and incur wear and tear on the
drill bit. Clicking on duplicate holes causes the pile-up menu to appear.
Select the hole you want from the list. Placing the cursor over the name
in the list highlights the feature.

Function Reports holes whose centers are closer than duph_tolerance.
M easurements are shapes representing the drill with the smallest index
in layer.

ERF Parameters pp_drill_layer

ERF Variables duph_tolerance

Limitations
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Touching Holes (Hole Separation)

Touching Holes (Hole Separation)

Reports touching holes whose centers are further apart than ERF variable duph_tolerance.

Analysis Category <Area>:touchh

Measurement Shape | Segment

Measurement Entity | Two pads (representing any drill)

Layers Displayed Drill layer

Graphl C Touching holes - drills touching each

| other, whoze centerz are further apart
.. than duph tolerance.

Purpose Holes that touch each other can cause the creation of irregular shapes
with acute corners susceptible to breakage.

Function Reports touching holes whose centers are further apart than ERF
variable duph_tolerance. Measurement is a segment representing the
inter-center distance of the holes.

ERF Parameters pp_drill_layer

ERF Variables duph_tolerance

Limitations
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Close Holes (Hole Separation)

Close Holes (Hole Separation)

Reports non-touching holes closer than close_hole_dist.

Analysis Category <Area>:closeh

Measurement Shape | Segment
Measurement Entity | Two pads (representing drill diameters)

Layers Displayed Drill layer

Graphic

Cloze holes - edges clozer than
close hole dist butdo not
touzh.

Purpose Holes which are too close may create atiny inter-hole strip which is
liable to break during processing.

Function Reports non-touching holes closer than close_hole_dist. Measurements
are shapes representing distance segments.

ERF Parameters pp_drill _layer

ERF Variables close hole dist

Limitations
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Missing Holes (Missing Holes)

Missing Holes (Missing Holes)

Reports pads in the top and bottom layers of the drilled stack of the inspected drill layer where
the appropriate conditions apply.

Analysis Category <Area>:missh
Measurement Shape | Point
Measurement Entity | Pad
Layers Displayed Top and bottom outer layers
Graphic
Purpose This category serves as awarning. Sometimes a hole is omitted by a
mistake, then two pads will be located on both sides of a stack without a
connecting hole.
Function Reports pads in the top and bottom layers of the drilled stack of the
inspected drill layer where all of the following apply:
¢ No drill touches the top pad.
e Both padsare non SMD.
¢ The distance between the pad centersis no more than
duph_tolerance.
Measurement is a point at the center of the top pad.
If afiducial isfound in one of the outer layers, amissing holeviolationis
not reported.
ERF Parameters pp_drill_layer
ERF Variables duph_tolerance
Limitations
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No Thermal (Thermal Connection)

No Thermal (Thermal Connection)

Reports drills connected to alarge plane (at least ten times larger than the drill) without an
interceding thermal on negative and positive Power and Ground or mixed layers. Surfaces
bearing the .tear_drop attribute are ignored.

Analysis Category <Area>:no_thermal;<pin_type>

Measurement Shape | Drill shape

Measurement Entity | Drill shape

Layers Displayed Drill layer
Copper layer

Graphic .

OXO

Purpose Through-hole pins connected directly to a plane without a thermal may
cause an improper solder joint due to heat dissipation.

Function Reports drills connected to alarge plane (at least ten times larger than
the drill) without an interceding thermal on negative and positive Power
and Ground or mixed layers. Surfaces bearing the .tear_drop attribute
are ignored.

ERF Parameters pp_drill_layer

ERF Variables min_pad_to_report_thermal
min_trace to_report_thermal
max_thermal_dist
v_polarity_for_thermal _check

Limitations
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TH Aspect Ratio (PCB Aspect Ratio)

TH Aspect Ratio (PCB Aspect Ratio)

Reports an aspect ratio for the smallest plated through hole in the layer, calculated as:
<drill_span>/ (<hole_size> + const).

Internal ERF Name | th_aspect ratio
Measurement Shape | Smallest TH drill in the layer
Measurement ID Pad (representing a drill), drill size, drill span
Measurement Value | Ratio (floating point number)
Layers Displayed Drill layer
Graphic B
. . larii1 (e zoz) reos 6 |
=drill spam- divided by
<holes aize-t+oonat
Purpose Aspect ratio is afabrication term used to describe the relationship
between drill span and the drilled hole diameter. Holes that are too small
for their length cannot be successfully plated.
Function Reports an aspect ratio for the smallest plated through hole in the layer,
calculated as: <drill_span> / (<hole_size> + const)
e <drill_span>— determined by ERF variable
Vv_pch_aspect_ratio_correction.
e <hole size> — Size of the smallest plated through hole in the layer
(diameter for circular pads or diagonal of the bounding box for non-
circular pads). Plated slots are ignored.
e const — Correction constant determined by ERF variable
Vv_pch_aspect_ratio_correction.
If v_aspect ratio_calc_drill_span = 0 and attribute Thickness does not
exist, or itsvalue is zero or a negative number, avery large value
(10000} is reported to the relevant categories to indicate a critical
problem. A message is printed to the log.
ERF Parameters pp_drill_layer
ERF Variables V_pch_aspect _ratio_correction
v_aspect_ratio_by finished size
v_aspect_ratio_calc_drill_span
Limitations
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ERF Parameters for Drill Checks

ERF Parameters for Drill Checks

Parameters set in the ERF file control the analysis.

Screen Name Parameter Description Categories
Affected

Drill Layer pp_drill_layer Defines the layer to be All categories
affected by the action.

Test List pp_tests Definestheteststo berun. | All categories
See “Tests Performed in
Drill Checks’ on page 31.
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ERF Variables for Drill Checks

ERF Variables for Drill Checks

Variables set in the ERF file control the analysis.

(default = 0.5)
They are defined as.

Duplicate Holes— Two holes whose centers are
closer than this value.

Touching Holes— Two holes whose centers are
further apart than this value, but touch.

Missing Holes— Two padsin top and bottom
layers where al these apply:

¢ The distance between pad centersis no more
than this value.
¢ No drill touches the top pad.

¢ Both pads are non SMD.

ERF Variable Description Categories
Affected
close_hole dist Maximum search radiusfor ‘Hole Separation’ tests. | Close Holes
(default = 24 mils)
Close Holes— When non-touching holes are closer
than this variable.
duph_tolerance Defines the relationship between holes and pads. Duplicate Holes

Touching Holes
Missing Holes

_thermal

thermals of either one or two spoke gaps on inner
layers. Relates only to positive layers.
(default=200mil)

max_thermal_dist Distance within which to check for athermal. If no | No Thermal
thermal isfound, results are reported to ‘No
Thermal’.
min_pad_to_report_ | Minimum diameter of thermal padsto report on No Thermal
thermal inner layersif the thermal has only one or two
spoke gaps. Relates only to positive layers.
(default=200mil)
min_trace to_report | Minimum trace width (cumulative) to report No Thermal
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ERF Variable

Description

Categories
Affected

V_aspect_ratio_calc
_drill_span

Controls whether drill span is taken from the job
attribute Thickness or calculated using the layer
attributes .copper_weight and Thickness of
Dielectric Below Layer.

0 — Drill Span taken from attribute Thickness.
(default) Recommended where all drills are through
hole and standard vias.

1 — Drill span calculated using attributes
.copper_weight and Thickness of Dielectric Below
Layer. Recommended where blind and buried vias
are present and these attributes have been
accurately defined.

TH Aspect Ratio

v_aspect_ratio_by f
inished size

Controls the size taken from the drill tool manager
for drill diameter, finished or unfinished.

0 — Usedrill size (drill diameter before plating).

1 — Usefinished drill size (drill diameter after
plating). (default)

TH Aspect Ratio

v_pch_aspect_ratio
correction

The constant used in calculating the aspect ratio.
(default=0)

TH Aspect Ratio

v_polarity for_ther
mal_check

Controls the layers to be affected by the Thermal
Connection checks.

All — All layers. (default)
Negative — Negative layers only.
Positive — Positive layers only.

No Therma
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Chapter 3
Fabrication Analysis - Signal Layer Checks

The Signal Layer action is aread-only action that finds potential manufacturability defectsin
signal and mixed layers, and generate statistics. The action can operate on any layer, but is
mainly intended for signal layers. It uses the layer itself and any NC (drill or rout) layer which
piercesit.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Signal Layer Checks . ... 52
AttributesUsed in Signal Layer Checks . ... ... e 53
DFM Analysis Compatibility for Signal Layer Checks. ......................... 54
Annular RINgMeasurement . ... ...ttt e 54
Sliver and Short Sliver Categories(Signal Layer Checks) ....................... 56
Categoriesin Signal Layer Checks. . . ... e 58
Viato Via(Spacing) . . . v vt 61
Padto Pad (SpaCing). . .. .o oot e e 62
Pad to Circuit (SPacCing) . . ..« c o vt e e 63
Circuit to Circuit (SPaCing). . .« o oo vttt e e e et et 64
TeXttO TEXE (SPACING) -« o vttt e e ettt e et e 65
Text Touches Copper (SPaCING) - .« . v vt ettt e 66
Spacing Length (SPacing). . . ..o oot e 67
Same Net Spacing (SPacing) . ... oottt e 68
CAD Sef Spacing (SPaCing) - v« v vt et et et e e e 69
NPTHtoPad (Drill) . ..o e 70
NPTH to Circuit (Drill). . ... e e e 71
PTHto Copper (Drill). . ... e 72
PTH to Copper SameNet (Drill) . ... e 73
PTH Registration (Drill) . . ... ..o e e 74
NPTH Registration (Drill) . ... .. e 75
NPTH Annular Ring (Drill) . ... oo e e 76
PTH Annular Ring (Drill). .. ... e e e 77
PTH (Comp) Annular Ring (Drill) . .. ..o e 78
Blind ViaAnnular Ring (Drill). . ... ... e 79
Buried ViaAnnular Ring (Drill). ... ... o e 80
Viato Copper (Drill). . ..o 81
Tooling Holeto Exposed Copper (Drill) .. ..o oo 82
PadS (SIZE) . . o 83
LiNES (SIZE) . . oottt 84
Shaved Line (SIZ€) . ... oot e 85
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Tests Performed in Signal Layer Checks

TOXE (SIZE). . o oo 86
LineNeckdown (SIZ€) . ... ..o e e e e e 87
ATC (SIZE) . oo 89
Shaved ArC (SIZE) . . ..ot 90
Conductor Width (SIZ€) . ... ..ot e e 91
Sliver (Sliver) (Signal Layer) .. .. oo i 92
Short Sliver (Sliver) (Signal Layer) .. ... 93
StUBS (StUDS) . . . oot e 9
SMD PadS (SMD) . . . v ettt e e e e e 95
Exposed Viato Exposed Via (EXPOSUIe) . . . ..o oo 96
Exposed Viato Exposed Copper (EXPOSUIE) . . ..ot i et e e e 97
ERF Parametersfor Signal Layer Checks . ............ ... .. 98
ERF Variablesfor Signal Layer Checks. ........ ... ... . 99

Tests Performed in Signal Layer Checks

Severa signal checks analysis tests can be run. For each test performed, results might be
reported to the result categories available for that test. In the result category descriptionsin this
document, the test name isindicated in parentheses after the category name.

Spacing — Reports spacing violations between pads, circuits and nets, and between text to text.
Also reports shorts and spacing between different CAD nets and close distances between non-
touching features on the same CAD or Layer nets.

Drill — Reports distance violations between NPTHSs, PTHSs, Vias, and pads, circuits, annular
rings and copper. Also reports missing pads.

Size — Reports sizes of pads, shaved lines, text, line neckdowns, arcs and shaved arcs.

Sliver — Reports on dlivers between lines and pads or between pads and pads. Slivers between
two features with the Copper Text attribute are ignored. However, adiver between atext
feature and afunctional pad are reported. See “ Sliver and Short Sliver Categories (Signal Layer
Checks)” on page 56.

Stubs — Reports unconnected line endpoints.
SMD — Lists SMD pads, reports on pitch of SMD pads, and identifies SMD packages.
Bottleneck — Reports thin copper surfaces which could break during assembly.

Exposur e — reports distances between exposed vias to exposed vias, toeprints, or copper on
outer layers.
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Attributes Used in Signal Layer Checks

Attributes assigned to features and components in the product model control the analysis.

Feature Attributes

Table 3-1. Signal Layer Checks Feature Attributes

Name

Description

Copper Balancing

This attribute is attached to features which are added during a pattern
fill operation, either manually or through the Copper Balance DFM
action.

If aline or arc has this attribute attached, then it will not be reported in
the line histogram display.

Copper Festure
Ignore

Copper features bearing this attribute are ignored in analysis actions.
(Presently implemented only for Rout Test.)

Copper Text

This attribute defines afeature as a nomenclature legend feature. The
attribute affects the fabrication analysis by directing spacing checks
between such features into a new category (Text to text).

Drill Type

This attribute is attached to hole features in drill layers. It defines the
type of drill and isused extensively during fabrication analysis.

Pad Usage

The feature attribute Pad Usage is attached to pads on outer signal
layers. It value can be one of the following:

toeprint

via
g_fiducial
|_fiducia
tooling_hole

SMD Pad

This feature attribute should be attached to outer layer pads which are
lands for SMD components. It is set by the * Set SMD Attribute
Cleanup Action.

Component Attributes

Table 3-2. Signal Layer Checks Component Attributes

Name

Description

Ignore Graphically/
Output

This attribute is attached to a component to be ignored during DFM
actions.
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DFM Analysis Compatibility for Signal Layer Checks

Table 3-2. Signal Layer Checks Component Attributes (cont.)

Name Description
Required Toeprint This attribute is specifically attached to components for reporting in
Spacing the Toeprint to Toeprint category. It defines the maximum spacing
within which to report pad to pad spacing measurements.
Range: 1-500

Units; inch or mm

DFM Analysis Compatibility for Signal Layer
Checks

To maintain compatibility between legacy products and DFM Analysis, ERF variables used
with earlier products are mapped to the appropriate DFM Analysis ERF variables.

Earlier Products DFM Analysis
ignore_isolated_pad = yes miss _pad for_isolated_hole =0
ignore_isolated pad = no miss_pad_for_isolated hole=1
diff_net_local_spacing v_dglivers_check _diff_nets
dist2dliver_ratio v_dist2dliver_ratio
min_dliver_len v_min_sliver_len

Annular Ring Measurement

The calculation of annular ring measurements depend on whether breakouts are allowed by the
designer.

The normal procedure requires two values:

e RM_AR, Reliability Margin for Annular Ring as received from the customer (the
implementation of the RM_AR does not allow the specification of a breakout).

e DRA, Design Registration Allowance is generated by the analysis (the maximum
misregistration permitted by a design while still meeting all other requirements).

For example, if the minimum annular ring width = 4, RM_AR =1, then DRA=4-1=3.
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Annular Ring Measurement

If the user specifiesthat the RM should allow a breakout (RM_AR=0), the measurement will be
extended to the outer perimeter of the drill hole in the position of atheoretical breakout, asin
the following figure:

/ Thearstical breakout drill position
K

Breakout angls

Meazursmsnt

Actual drill

The breakout angle is defined in the ERF parameter via_breakout_angle or pth_breakout_angle.
The range is 0-180, where 0 means no breakout is alowed.

When you do specify a breakout, RM_AR must be specified as zero, and the system will
automatically calculate an extended Annular Ring measurement based on the size of the AR and
drill. The AR sizethat isreported islarger than the actual AR size by an amount that depends on
the AR and drill sizes (see example below).

The system assumes adrill that is centered within the AR and an AR that isacircle. If the AR is
any other shape the system will construct a circle from this shape and plan the breakout on the
constructed circular AR. The following figure clarifiesthis:

When a negative feature shaves an AR pad, the system assumes a hold circle and positions the
breakout according to this assumption.

nagative feature .
= P 15".'\-. =
__.r' ;r'— Y ."’ -"'/-— - -\\ b
([ ) 0 )
;P Y PRy
_ s e A
- y, \:\ — s

When the feature is rectangular, the system also assumes a circular AR and positions the
breakout accordingly.

This example describes an annular ring with a 90° breakout angle. Outer radius = 20, Inner
radius = 10. The annular ring width = 5. In this case, since RM=0, the minimum annular ring =
5.81and DRA =5.81-0=5.81.

DFM Analyses User Guide, NPI11.0 55
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Fabrication Analysis - Signal Layer Checks
Sliver and Short Sliver Categories (Signal Layer Checks)

Meazurement sxtendz 0.581
bevond perimeter of pad.

Actual drill

Sliver and Short Sliver Categories (Signal
Layer Checks)

These two categories deal with slivers, narrow strips of copper between two features or between
non-adjacent sides of the same feature. It isimportant to detect slivers which could break off
during the manufacturing process and cause shorts. In detecting slivers, length, width and
shortest perimeter length are measured.

These categories do not detect acute angles. To detect acute angles as dlivers, set ERF parameter
pp_sliver = 12 mils or more (this may also cause additional reports of non-critical violations).

Sliver wichth - a dizstance between two featurss or two
non-adjazent zidez of a feature lezz than the
e aliver action paramster but greater than zero.

Sliver length - the dizstance for which the two features
or two non-adjacent sides run parallel. If greater than
ERF variable w min alivexr lem rsportsdtc Sliver
category. If lezs, reported to ‘Short Sliver’ category. If
sliver width iz greater than the length, the greatest
dimenzion of gap iz uzed as the length. (See figure at
right.) Violations are reported to ‘Sliver’ sven if actual
length iz lsss than v min sliver len

IMeazurementz are distance ssgmentz betwesn two connectad featurss
(features on the zams net) or two non-adjacent sidez of one featurs.

D = zhorteat perimeter length ——]
fromone endpoint of the
measurement segment to the
other endpoint (red line fram D1
to D2).

S =zliver width

D1 perimster
endpoint

D >z v dist2sliver raktio D2 perimstsr
When both these S endpoint
conditions apply. a <' and S
gliver is reported.

D == v min sliver perim
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Sliver and Short Sliver Categories (Signal Layer Checks)

Applying the Sliver DFx Variables

Applying the Sliver DFx Variables
v min aliver perim v diat2zliver ratioc
D1
2 . D [} D
3l —_ -
D2 - ‘:fer s ’/ S
Parimstar iz zrmall | iz largs
lenath iz length S el R
of Dy to Da. | -
[n]
If perimeter length iz too shaort, If ratio iz too zmall,
measuremesnt iz ignored. meazuremesnt iz ignored.

When the two features are not connected (not on the same net), v_dist2dliver_ratio and
v_min_sliver_perim become irrelevant.

Sliversfound on hatched areas (a plane filled with lines instead of solid copper, where each line
in the area has the attribute Hatch Feature) are reported only if ERF variable
replace_crosshatch_by surface=by_attr. (Default value = yes).

However, if the surfaceisfilled with at least fifty lines of the same width, it is accepted as a
hatched area even if the lines do not bear the Hatch Feature attribute and ERF variable
replace_crosshatch_by surface=no.

LR ALEFERES
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Categories in Signal Layer Checks

Categories in Signal Layer Checks

Several signal checks analysis tests can be run. For each test performed, results might be
reported to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

Spacing measurements are reported when they are within the search radius (the value of ERF

parameter pp_spacing).

Table 3-3. Result Categories for Signal Layer Checks

Category Description

Viato Via(Spacing) Reports via pad to via pad measurements less than pp_spacing.

Pad to Pad (Spacing) Reports el ectrically unconnected pads (in the same layer) closer
than pp_spacing.

Pad to Circuit (Spacing) Reports unconnected pads and circuit elements closer than

pp_spacing in the same layer.

Circuit to Circuit (Spacing)

Reports unconnected circuit elements closer than pp_spacing in
the same layer.

Text to Text (Spacing) Reports text features closer than pp_spacing.

Text Touches Copper Reports text features touching copper features.

(Spacing)

Spacing Length (Spacing) | Reports parallel lines closer than pp_spacing belonging to
different layer nets.

Same Net Spacing Reports non-touching, non-text features closer than pp_spacing

(Spacing) belonging to the same layer net.

CAD Self Spacing Reports non-touching features closer than pp_spacing

(Spacing) belonging to the same CAD net.

NPTH to Pad (Drill)

Reports other net NPTHs and pads closer than pp_d2cin
accordance with group_drill_to_copper.

NPTH to Circuit (Drill)

Reports other net NPTHs and circuits closer than pp_d2cin
accordance with group_drill_to_copper.

PTH to Copper (Drill)

Reports plated holes of different netsin the same layer closer
than pp_d2c to any copper (circuit, pad or text) in accordance
with group_drill _to_copper.

PTH to Copper Same Net
(Drill)

Reports plated holes of the same net in the same layer closer
than pp_d2c to any copper (circuit, pad or text) in accordance
with group_drill_to_copper.

PTH Registration (Drill)

Reports the smallest center-to-center distance between drills
and touching pads, if larger than reg_allowance and smaller
than max_reg.
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Categories in Signal Layer Checks

Table 3-3. Result Categories for Signal Layer Checks (cont.)

Category

Description

NPTH Registration (Drill)

Reports the smallest center-to-center distance between drills
and touching pads, if larger than reg_allowance and smaller
than max_reg.

NPTH Annular Ring (Drill)

Reports the shortest distance between drill and laminate for
NPTHs embedded in copper if closer than pp_d2c.

PTH Annular Ring (Drill)

Reports the shortest distance between drill and laminate for
PTHSs (or vias) embedded in copper if closer than pp_d2c.

(Drill)

PTH (Comp) Annular Ring

Reports the shortest distance between drill and laminate for
PTHs embedded in copper if closer than pp_d2c.

Blind Via Annular Ring
(Drill)

Reports the shortest distance between drill and laminate for
blind vias embedded in copper if closer than pp_d2c.

Buried Via Annular Ring
(Drill)

Reports the shortest distance between drill and laminate for
buried vias embedded in copper if closer than pp_d2c.

Viato Copper (Drill)

Reports other net, via holes closer than pp_d2c to any copper
(circuit, pad or text) in accordance with group_drill_to_copper.

Tooling Hole to Exposed

Reports al tooling holes closer than pp_d2c to exposed copper

Copper (Drill) on an outer layer.

Pads (Size) Provides asummary of all padsin asignal layer. Measurements
are pad shapes. (circle, square or contour).

Lines (Size) Reports width of lines representing conductor tracesin signal

layers.

Shaved Line (Size)

Reports lines touched by negative shaves, NPTHS, or non-
plated rout features.

Text (Size)

Reports al lines tagged by the Copper Text system attribute.

Line Neckdown (Size)

Reports lines that are joined so that the width at the narrowest
point is less than nominal line width.

Arc (Size) Reports arc features thinner than max_line_width with neither
Copper Text nor Copper Balancing attributes.

Shaved Arc (Size) Reports arc features shaved by negative features, NPTHs or
non-plated rout features.

Conductor Width (Size) Reports lines with neckdowns.

Sliver (Sliver) (Signal
Layer)

Reports divers, either between two copper areas (positive layer)
or two clearance areas (negative layers), that have width less
than pp_dliver, and non-zero.
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Fabrication Analysis - Signal Layer Checks
Categories in Signal Layer Checks

Table 3-3. Result Categories for Signal Layer Checks (cont.)

Category

Description

Short Sliver (Sliver) (Signal
Layer)

Reportsdlivers, either between two copper areas (positive layer)
or two clearance areas (negative layers), that have width less
than pp_dliver, and non-zero.

Stubs (Stubs)

Reports line endpoints that do not touch any other feature.

SMD Pads (SMD)

Reports pads tagged with feature attribute SMD Pad.

Exposed Viato Exposed
Via (Exposure)

Reports distances less than pp_e_spacing between the edges of

the exposed copper of two uncapped vias, while ignoring pads

of the same net that are fully embedded in copper. Classified by
the process.

Exposed Viato Exposed
Copper (Exposure)

Reports the distance between the edge of the exposed copper of
an uncapped via and the exposed copper on the outer signal
layers only, when closer than pp_e_spacing. Does not report
spacing between pads of the same net that are fully embedded in
copper. Classified by process. The reported exposed via and
exposed copper surface do not touch.
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Fabrication Analysis - Signal Layer Checks
Viato Via (Spacing)

Via to Via (Spacing)

Reports via pad to via pad measurements less than pp_spacing.

Internal ERF Name | <Area>:via2via

Measurement Shape | Spacing segment

Measurement Value | Spacing

Measurement ID Padl; Pad2

Layers Displayed Signal layer

Graphic

Purpose To apply spacing restrictions to via pads.

Function Reports via pad to via pad measurements less than pp_spacing. Does not
report measurements involving features with attribute Copper Feature
Ignore.
Via, inthisinstance, refersto avia hole with attribute Drill Type = Via.
If the job was created directly from a CAD database, extra functionality
isprovided. A measurement between pads of the same CAD net, even if
unconnected in the same layer, are placed in the * CAD Self Spacing’
category rather than the ‘Viato Via category.

ERF Parameters pp_spacing
pp_layer

ERF Variables classify_pad2pad = yes

Constraint Via Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks

Pad to Pad (Spacing)

Pad to Pad (Spacing)

Reports electrically unconnected pads (in the same layer) closer than pp_spacing.

Internal ERF Name | <Area>:p2p

Measurement Shape | Spacing segment

Measurement Value | Spacing

Measurement ID Padl; Pad2

Layers Displayed Signal layer

e ]

Purpose Close pads may bridge during imaging, etching, plating or soldering,
and result in adirect short.

Function Reports electrically unconnected pads (in the same layer) closer than
pp_spacing. Measurements are segments, provided they only touch
copper at its end points.

If classify _pad2pad=yes, the measurements reported are only between
pads that are both non-drilled and non-SMD. If no, all measurements are
reported here.

Does not report measurements involving features with attribute Copper
Feature Ignore.

If the job was created directly from a CAD database, extra functionality
isprovided. A measurement between pads of the same CAD net, even if
unconnected in the same layer, are placed in the ‘CAD Self Spacing’
category rather than the ‘ Pad to Pad’ category.

ERF Parameters pp_layer
pp_spacing

ERF Variables classify_pad2pad

Constraint Feature Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
Pad to Circuit (Spacing)

Pad to Circuit (Spacing)

Reports unconnected pads and circuit elements closer than pp_spacing in the same layer.

May 2019

Internal ERF Name | <Area>:p2c

Measurement Shape | Spacing segment

Measurement Value | Spacing

Measurement ID Pad; Circuit

Layers Displayed Signal layer

Graphic

Purpose A pad and acircuit too close may bridge during imaging, etching, plating
or soldering, and result in adirect short.

Function Reports unconnected pads and circuit elements closer than pp_spacingin
the same layer. Measurements are segments, provided they only touch
copper at its end points. Does not report measurements involving
features with attribute Copper Feature Ignore.

If the job was created directly from a CAD database, extra functionality
is provided. A measurement between pads, even if unconnected, and
circuits of the same CAD net in the same layer are placed in the ‘CAD
Self Spacing’ category rather than in the * Pad to Circuit’ category.

ERF Parameters pp_layer
pp_spacing

ERF Variables v_surface spacing_separately

Constraint Feature Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
Circuit to Circuit (Spacing)

Circuit to Circuit (Spacing)

Reports unconnected circuit elements closer than pp_spacing in the same layer.

Internal ERF Name | <Area>:c2c

Measurement Shape | Segment

Measurement Value | Spacing

Measurement ID Circuitl; Circuit2

Layers Displayed Signal layer

Graphic

Purpose Close circuits may bridge during imaging, etching, plating or soldering,
and result in adirect short.

Function Reports unconnected circuit elements closer than pp_spacing in the
same layer. Measurements are segments, provided they only touch
copper at its end points. Does not report measurements involving
features with attribute Copper Feature Ignore.

Jobs created directly from a CAD database, contain extra functionality.
A measurement between two circuits of the same CAD net, even if
unconnected in the same layer, are reported to ‘ CAD Self Spacing’
rather than * Circuit to Circuit’.
Violations occurring when rout features or non-plated holes cross copper
features are a so reported to this category. Make sure the respective
layers (rout and npth drill) are displayed. Otherwise, measurements
seem to be embedded within a copper feature. Activating the relevant
layer reveals that the copper feature has been cut into two very close

Copper  ———___|

Rout —— 00 |

Meazursment —
surfaces.

ERF Parameters pp_layer
pP_spacing

ERF Variables v_surface spacing_separately

Constraint Feature Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks

Text to Text (Spacing)

Text to Text (Spacing)

Reports text features closer than pp_spacing.

Internal ERF Name | <Area>:text2text

Measurement Shape | Segment

Measurement Value | Spacing

Measurement 1D Textl; Text2

Layers Displayed Signal layer

Graphic :
[

Purpose Copper marked as text on alayer may create spacing violations. Since
these are typically non-critical, they are channelled to a special category.

Function Text features are either features of type text, or lines, arc, or pads tagged
with attribute Copper Text. Reports text features closer than pp_spacing.
Does not report measurements involving features with attribute Copper
Feature Ignore.

ERF Parameters pp_layer
pp_spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
Text Touches Copper (Spacing)

Text Touches Copper (Spacing)

Reports text features touching copper features.

Internal ERF Name | <Area>:text_touch_copper

Measurement Shape | Shape
Measurement Value | Size
Measurement ID Text feature

Layers Displayed Signal layer

Graphic

a A
A"
mb e

Purpose Copper marked as text on alayer should be isolated from conducting
features to avoid shorts.

Function Reports text features (text, or lines, arc, or pads tagged with attribute
Copper Text) touching copper features. Does not report measurements
involving features with attribute Copper Feature Ignore.

ERF Parameters pp_layer

ERF Variables

Constraint Text Touches Copper

Limitations
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Fabrication Analysis - Signal Layer Checks
Spacing Length (Spacing)

Spacing Length (Spacing)

Reports parallel lines closer than pp_spacing belonging to different layer nets.

Internal ERF Name | <Area>:spacing_length
Measurement Shape | Line
Measurement Value | Distance
Measurement ID Circuitl; Circuit2
Layers Displayed
Graphic
Purpose This category provides areport on cumulative lengths of parallel spacing
in alayer. The results can be used for forecasting yields and planning.
Function Reports parallel lines closer than pp_spacing belonging to different layer
nets. Also measures the overlap of lines (lineto line) greater than
min_line_len (see figure below).
Measurements are lines representing the parallel spacing and overlap.
Measurements are reported when both of the following conditions are
- X Linzs ars closer than
¥ pp_spacing.
AND
Mt areaterhan mim ine ten.  *"
Does not report measurements involving features with attribute Copper
Feature Ignore.
ERF Parameters pp_layer
pp_spacing
ERF Variables spacing_length_measure = yes
spacing_resolution
min_line len
Constraint Feature Spacing
Limitations In rare cases where one of the lines touches another feature in the layer,
the action does not report the cumulative lengths of parallel spacing.
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Fabrication Analysis - Signal Layer Checks
Same Net Spacing (Spacing)

Same Net Spacing (Spacing)

Reports non-touching, non-text features closer than pp_spacing belonging to the same layer net.

Interna ERF Name

<Area>:self_spacing

Measurement Shape | Segment

Measurement Value | Distance

Measurement 1D None

Layers Displayed Signal layer

Graphic

Purpose Spacing (p2p, p2c, c2c) is measured only between features of different
layer nets. Thereis a need to find spacing violations between features of
the same net when this spacing is small and can potentially cause divers.

Function Reports non-touching, non-text features closer than pp_spacing
belonging to the same layer net. M easurements are segments
representing the distance. Does not report measurements involving
features with attribute Copper Feature Ignore.
To retain compatibility with prior software versions, this category is
reported in the Results Viewer under * Same Net Spacing’.

ERF Parameters pp_layer
pp_spacing

ERF Variables large_net_min
self_spacing = yes

Constraint Feature Spacing

Limitations Dueto performance considerations, nets considered drawn surfaces (that
contain more features than specified in large_net_min) are not tested for
‘Same Net Spacing’ violations.
M easurements are located arbitrarily between the contours of two
parallel features. If the location happens to be over copper, that violation
is not reported.
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Fabrication Analysis - Signal Layer Checks
CAD Self Spacing (Spacing)

CAD Self Spacing (Spacing)

Reports non-touching features closer than pp_spacing belonging to the same CAD net.

Internal ERF Name | <Area>:cad_self_spacing

Measurement Shape | Segment

Measurement Value | Distance

Measurement 1D Featurel, Feature2

Layers Displayed Signal layer

Graphic . .

Purpose There can be instances where close features are located in different layer
nets but still belong to the same CAD net (for example, two ground pads
or planes connected through other layers). When the system ‘knows' the
CAD nets, it channels these spacing violations to this category instead of
the p2p, p2c or c2c categories. This avoids creating false alarms since
CAD Sdf Spacing violations are not normally an issue.

Function Reports non-touching features closer than pp_spacing belonging to the
same CAD net. Measurements are segments representing the distance, if
they only touch copper at their end-points. Does not report
measurements involving features with attribute Copper Feature Ignore.

ERF Parameters pp_layer
pp_spacing

ERF Variables

Constraint Feature Spacing

Limitations Layer data must be input directly from a CAD database.
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Fabrication Analysis - Signal Layer Checks
NPTH to Pad (Drill)

NPTH to Pad (Drill)

Reports other net NPTHs and pads closer than pp_d2c in accordance with
group_drill_to_copper.

Internal ERF Name | <Area>:npth2p

Measurement Shape | Spacing segment

Measurement Value | Spacing

Measurement ID NPTH; Pad

Layers Displayed Signal layer
Drill layer which piercesit

Graphic

By Grouing. BetEmploy Grouig

Purpose When an NPTH istoo close to a pad, drill machine inaccuracy may
cause the NPTH to ‘bite’ the pad and damage it.

Function Reports other net NPTHs and pads closer than pp_d2c in accordance
with group_drill_to_copper.

ERF Parameters pp_layer
pp_d2c

ERF Variables group_drill_to_copper

Constraint Hole to Feature Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
NPTH to Circuit (Drill)

NPTH to Circuit (Drill)

Reports other net NPTHs and circuits closer than pp_d2c in accordance with
group_drill_to_copper.

Analysis Category <Area>:npth2c

Measurement Shape | Segment
Measurement Value | Spacing
Measurement ID NPTH; Circuit

Layers Displayed Signal layer
Drill layer which piercesit

Graphic
group drill to copper =1 group drill to copper=10
Employ Grouping Con't Employ Groupinag
Purpose When an NPTH istoo close to acircuit, drill machine inaccuracy may
causeit to ‘bite’ the circuit and damage it.
Function Reports other net NPTHs and circuits closer than pp_d2c in accordance

with group_drill_to_copper.

ERF Parameters pp_layer

pp_d2c
ERF Variables group_drill_to_copper
v_surface spacing_separately
Constraint Hole to Feature Spacing
Limitations Copper text is considered as a circuit.
DFM Analyses User Guide, NPI11.0 71
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Fabrication Analysis - Signal Layer Checks
PTH to Copper (Drill)

PTH to Copper (Drill)

Reports plated holes of different netsin the same layer closer than pp_d2c to any copper
(circuit, pad or text) in accordance with group_drill_to_copper.

Internal ERF Name | <Area>:pth2c

Measurement Shape | Spacing segment
Measurement Value | Spacing
Measurement 1D PTH; Feature

Layers Displayed Signal layer
Drill layer which piercesit

Graphic
group drill to copper= 1 group drill to copper =0
Ermploy Groupinag Daon't Employ Grouping
Purpose To detect holes too close to other net copper.
Function Reports plated holes of different netsin the same layer closer than

pp_d2c to any copper (circuit, pad or text) in accordance with
group_drill_to_copper.

ERF Parameters pp_layer

pp_d2c
ERF Variables group_drill_to_copper
classify_via2c
v_split_pth2c_report
Constraint Hole to Feature Spacing
Limitations
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Fabrication Analysis - Signal Layer Checks
PTH to Copper Same Net (Drill)

PTH to Copper Same Net (Drill)

Reports plated holes of the same net in the same layer closer than pp_dZ2c to any copper (circuit,
pad or text) in accordance with group_drill_to_copper.

Internal ERF Name | <Area>:pth2c_same net
Measurement Shape | Spacing segment
Measurement Value | Spacing
Measurement 1D PTH; Feature
Layers Displayed e Signal layer
e Drill layer which piercesit

Graphic
group drill to copper =1 group drill to copper =0
Employ Grouping Don't Employ Grouping

Purpose To detect holestoo close to copper where there is no pad around the hole
(oninternal layers).

Function Reports plated holes of the same net in the same layer closer than pp_d2c
to any copper (circuit, pad or text) in accordance with
group_drill_to_copper.

ERF Parameters pp_layer
pp_d2c

ERF Variables group_drill_to_copper
classify via2c
v_split_pth2c_report = yes

Constraint Hole to Feature Spacing

Limitations

DFM Analyses User Guide, NPI11.0 73
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.




Fabrication Analysis - Signal Layer Checks

PTH Registration (Drill)

PTH Registration (Drill)

Reports the smallest center-to-center distance between drills and touching pads, if larger than
reg_allowance and smaller than max_reg.

Internal ERF Name | <Area>:reg
Measurement Shape | Segment
Measurement Value | Distance
Measurement ID Hole; Feature
Layers Displayed e Signal layer
e Drill layer which piercesit
Graphic
o Meazurement of smallsst centar-to-
center between drillz and touching pads
Purpose Typicaly, ahole should be in the middie of a pad. Any deviation may
indicate inaccuracy in the input files or a CAD system error.
Function Reports the smallest center-to-center distance between drills and
touching pads, if larger than reg_allowance and smaller than max_reg.
M easurements are segments representing distance.
ERF Parameters pp_layer
ERF Variables reg_alowance
max_reg
Constraint Hole Registration
Limitations If the distance between the centersis larger than max_reg, then the
features are considered offset on purpose and large registration errors
may be missed. Viasdrilled in SMD lands may be intentionally offset.
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Fabrication Analysis - Signal Layer Checks
NPTH Registration (Drill)

NPTH Registration (Drill)

Reports the smallest center-to-center distance between drills and touching pads, if larger than
reg_allowance and smaller than max_reg.

Internal ERF Name | <Area>:npth_reg

Measurement Shape | Segment
Measurement Value | Distance
Measurement |D Hole; Feature

Layers Displayed Signal layer
Drill layer which piercesit

Graphic
o Measurament of smallest csnter-to-
canter betweaen drillz and touching pads

Purpose Typically, ahole should be in the middle of a pad. Any deviation may
indicate inaccuracy in the input files or a CAD system error.

Function Reports the smallest center-to-center distance between drills and
touching pads, if larger than reg_allowance and smaller than max_reg.
M easurements are segments representing distance.

ERF Parameters pp_layer

ERF Variables reg_allowance
max_reg
Constraint Hole Registration
Limitations If the distance between the centersis larger than max_reg, then the

features are considered offset on purpose and large registration errors
may be missed. Vias drilled in SMD lands may be intentionally offset.
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Fabrication Analysis - Signal Layer Checks
NPTH Annular Ring (Drill)

NPTH Annular Ring (Drill)

Reports the shortest distance between drill and laminate for NPTHs embedded in copper if

closer than pp_d2c.

Internal ERF Name | <Area>:npth_ar

Measurement Shape | Segment

Measurement Vaue | Ring

Measurement ID NPTH; Feature (or r0)

Layers Displayed Signal layer
Drill layer that piercesit

Graphic

Purpose

Function Reports the shortest distance between drill and laminate for NPTHs
embedded in copper if closer than pp_d2c. Measurements are segments
representing distance between the NPTH and nearest |laminate.

ERF Parameters pp_layer
pp_d2c

ERF Variables limited_npth_check

Limitations If there is any copper in the NPTH, then a zero annular ring
measurement is reported. This may be considered by some to be afalse
alarm.
Where NPTH AR is composed of more than one feature (such asin
drawn surfaces), the measurement entity will be r0.
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Fabrication Analysis - Signal Layer Checks
PTH Annular Ring (Drill)

PTH Annular Ring (Drill)

Reports the shortest distance between drill and laminate for PTHs (or vias) embedded in copper

if closer than pp_dZ2c.

May 2019

Analysis Category <Area>.ar

Measurement Shape | Spacing segment

Measurement Value | Ring

Measurement ID PTH (or via); Feature (or rO)*

Layers Displayed Signal layer
Drill layer which piercesit

Graphic [ B

Purpose When an annular ring around a plated through holeistoo small, the hole
may shift during drilling and cause insufficient plating later.

Function Reports the shortest distance between drill and laminate for PTHs (or
vias) embedded in copper if closer than pp_d2c. The measurement takes
into account both negative and positive data. Measurements are
segments representing the shortest distance from drill to laminate.
Breakouts are enabled by specifying a breakout

P
‘ -Diill
angle. s
For further details see Annular Ring Measurement.). Where PTH AR is
composed of more than one feature (asin drawn surfaces), the
measurement entity will be r0.

ERF Parameters pp_layer
pp_d2c

ERF Variables pth_breakout_angle
classify pad_ar =no

Limitations
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Fabrication Analysis - Signal Layer Checks
PTH (Comp) Annular Ring (Drill)

PTH (Comp) Annular Ring (Drill)

Reports the shortest distance between drill and laminate for PTHs embedded in copper if closer

than pp_d2c.

Internal ERF Name | <Area>:pth_ar

Measurement Shape | Segment

Measurement Vaue | Ring

Measurement ID PTH; Feature (or r0)

Layers Displayed Signal layer

Graphic [ B

Function Reports the shortest distance between drill and laminate for PTHs
embedded in copper if closer than pp_d2c. Takes into account both
negative and positive data. M easurements are segments representing the
shortest distance from drill to laminate.

ERF Parameters pp_layer
pp_d2c

ERF Variables pth_breakout_angle
classify _pad ar =yes

Constraint Plated Hole AR

Limitations Where PTH AR is composed of more than one feature (such asin drawn
surfaces), the measurement entity will be rO.
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Fabrication Analysis - Signal Layer Checks
Blind Via Annular Ring (Drill)

Blind Via Annular Ring (Drill)

Reports the shortest distance between drill and laminate for blind vias embedded in copper if

closer than pp_d2c.

Internal ERF Name | <Area>:blind via ar

Measurement Shape | Segment

Measurement Value | Ring

Measurement ID Via, Feature (or r0)

Layers Displayed Signal layer

Graphic , N, Measursment \

. Copper pad ——= = —
_,I/i Elind via "
e\,

Function Reports the shortest distance between drill and laminate for blind vias
embedded in copper if closer than pp_d2c. Takes into account both
negative and positive data. M easurements are segments representing the
shortest distance from drill to laminate.

ERF Parameters pp_layer
pp_d2c

ERF Variables via_breakout_angle
classify_pad ar =yes
V_report_via by type=yes

Constraint Plated Hole AR

Limitations Where PTH AR is composed of more than one feature (such asin drawn
surfaces), the measurement entity will be rO.
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Fabrication Analysis - Signal Layer Checks
Buried Via Annular Ring (Drill)

Buried Via Annular Ring (Drill)

Reports the shortest distance between drill and laminate for buried vias embedded in copper if

closer than pp_d2c.

Internal ERF Name | <Area>:buried_via ar

Measurement Shape | Segment

Measurement Value | Ring

Measurement ID Via; Feature (or r0)

Layers Displayed Signal layer

Graphic s .\ Msasursment
9

Eurisdl via
_/T\!, —

Function Reports the shortest distance between drill and laminate for buried vias
embedded in copper if closer than pp_d2c. Takes into account both
negative and positive data. M easurements are segments representing the
shortest distance from drill to laminate.

ERF Parameters pp_layer
pp_d2c

ERF Variables via_breakout_angle
classify pad ar =yes
V_report_via by type=yes

Constraint Plated Hole AR

Limitations Where PTH AR is composed of more than one feature (such asin drawn
surfaces), the measurement entity will be r0.
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Fabrication Analysis - Signal Layer Checks
Via to Copper (Drill)

Via to Copper (Drill)

Reports other net, via holes closer than pp_d2c to any copper (circuit, pad or text) in accordance
with group_drill_to_copper.

Internal ERF Name | <Area>:via2c
Measurement Shape | Segment
Measurement Value | Via; Feature (or r0)
Measurement ID Via; Feature
Layers Displayed e Signal layer
o Drill layer which piercesit
Graphic '
group drill to copper = 1 group drill to copper=10
Emiploy Grouping Don't Employ Grouping
Function Reports other net, via holes closer than pp_d2c to any copper (circuit,
pad or text) in accordance with group_drill_to_copper.
ERF Parameters pp_layer
pp_d2c
ERF Variables group_drill_to_copper
classify via2c=1
Constraint Hole to Feature Spacing
Limitations
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Fabrication Analysis - Signal Layer Checks
Tooling Hole to Exposed Copper (Drill)

Tooling Hole to Exposed Copper (Drill)

Reports all tooling holes closer than pp_d2c to exposed copper on an outer layer.

Analysis Category <Area>:thole2exp_copper

Measurement Shape | Distance segment
Measurement Value | Spacing
Measurement ID Hole; Feature

Layers Displayed Signal layer
Drill layer
Correspondent solder mask layer (if exists)

Graphic

Function Reports all tooling holes closer than pp_d2c to exposed copper on an
outer layer.

All copper shapesin the signal layer are considered “exposed” if a
correspondent solder mask layer does not exist.

ERF Parameters pp_layer

pp_d2c
ERF Variables
Constraint Hole to Feature Spacing
Limitations
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Fabrication Analysis - Signal Layer Checks
Pads (Size)

Pads (Size)

Provides a summary of all padsin asignal layer. Measurements are pad shapes. (circle, square
or contour).

Internal ERF Name | <Area>:pad

Measurement Shape | Shape
Measurement Value | Size
Measurement |D Feature

Layers Displayed Signal layer

Graphic

Function Provides asummary of all padsin asignal layer. Measurements are pad
shapes. (circle, square or contour).

A histogram depicts a range of pads sizes.

ERF Parameters pp_layer

ERF Variables

Constraint Feature Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
Lines (Size)

Lines (Size)

Reports width of lines representing conductor tracesin signal layers.

Analysis Category <Area>:line
Measurement Shape | Line
Measurement Vaue | Size
Measurement 1D Feature
Layers Displayed Signal layer
Graphic " |
Function Reports width of lines representing conductor tracesin signal layers.
Lines with attribute Copper Balancing or Copper Text are not reported.
If alineisdrawn (represented by two touching lines running beside each
other), the compound width of the drawn lineis reported.
Lines are reported if both of these conditions are met:
e Lineisnarrower than max_line width.
¢ One of these conditionsis met:
e Lineislonger than min_line_len.
e Length towidth ratio is greater than len2width_ratio.
If alineis partially covered by another feature, only the uncovered part
IS measured.
‘Lines’ isintended to report Active when the ‘' Size' test is selected.
ERF Parameters pp_layer
ERF Variables min_line len
max_line_width
len2width ratio
report_lines with_arcs = yes
Constraint Feature Spacing
Limitations
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Fabrication Analysis - Signal Layer Checks
Shaved Line (Size)

Shaved Line (Size)

Reports lines touched by negative shaves, NPTHS, or non-plated rout features.

Internal ERF Name | <Area>:shaved line
Measurement Shape | Line
Measurement Value | Symbol representing the line
Measurement 1D None
Layers Displayed Signal layer
Graphic
Megative feature, intended to shave pad,
alzo shaves line. The ‘Shaved Lines’
category repors lines touched by negative
features.
Function Reports lines touched by negative shaves, NPTHSs, or non-plated rout
features. Such lines may be potential conductor width violations.
Measurements are the original lines.
ERF Parameters pp_layer
ERF Variables report_lines with_arcs = yes
Constraint Feature Spacing
Limitations These lines are displayed but not measured.
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Fabrication Analysis - Signal Layer Checks
Text (Size)

Text (Size)

Reports all lines tagged by the Copper Text system attribute.

Interna ERF Name | <Area>:text

Measurement Shape | Line
Measurement Value | Width
Measurement |D Feature

Layers Displayed Signal layer

Graphic Z
-
-

Function Reports al lines tagged by the Copper Text system attribute.
The user can gauge the widths of lines used to draw text.

ERF Parameters pp_layer

ERF Variables

Constraint Feature Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
Line Neckdown (Size)

Line Neckdown (Size)

Reports lines that are joined so that the width at the narrowest point isless than nominal line

width.

Internal ERF Name | <Area>:neckdown

Measurement Shape | Segment

Measurement Value | Size

Measurement ID Line

Layers Displayed Signal layer

Graphic

Purpose A line neckdown can be a dangerous defect. The indentation of copper at
the connection point may become an acid trap and cause over etching of
the copper. Thisformsanick and a potential cut.

Function Reports lines that are joined so that the width at the narrowest point is
less than nominal line width. Measurements are segments representing
the minimal line width.

ERF Parameters pp_layer

ERF Variables max_line width

Constraint Feature Spacing
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Fabrication Analysis - Signal Layer Checks

Line Neckdown (Size)

Limitations Neckdowns are not reported if the difference between the wider section

and the narrower section islessthan 0.5 mil.
Neckdowns are always reported, except when max_line width isless
than 1000my (default value is 12mil=304.8my), if the differenceis
greater than 0.6mil. See Fig. A.
Differences between 0.5mil and 0.6mil are sometimes reported (0.1mil
accuracy).
If the wider section is greater than max_line_width, the line is replaced
by avirtua line of the same coordinates with width equal to
max_line_width. The narrower part is reported if less than
[max_line_width - 0.6mil]. See Fig.

max line width

Difference betweesn widths Reported if less than

(e lime width - C.&mil]

B. Fig. & Fig. B
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Fabrication Analysis - Signal Layer Checks
Arc (Size)

Arc (Size)

Reports arc features thinner than max_line_width with neither Copper Text nor Copper

Balancing attributes.

May 2019

Internal ERF Name | <Area>:arc

Measurement Shape | Arcs

Measurement Value | Size

Measurement 1D None

Layers Displayed Signal layer

Graphic

Function Reports arc features thinner than max_line_width with neither Copper
Text nor Copper Balancing attributes. M easurements are arcs whose
center sections do not touch other features.

ERF Parameters pp_layer

ERF Variables max_line_width - maximum width for lines.
report_lines with_arcs=no

Constraint Feature Spacing

Limitations
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Shaved Arc (Size)

Shaved Arc (Size)

Reports arc features shaved by negative features, NPTHs or non-plated rout features.

Interna ERF Name

<Area>:shaved arc

M easurement Shape
Measurement Value

Bounding box
Symbol representing the arc

Measurement 1D None
Layers Displayed Signal layer
Graphic
Megative feature intended to shave pad alzo
-— shaves arz. The ‘Shaved Arcs’ category
reports on arcs touched by negative shaves.
Function Reports arc features shaved by negative features, NPTHs or non-plated
rout features.
ERF Parameters pp_layer
ERF Variables report_lines with_arcs=no
Constraint Feature Spacing
Limitations
90 DFM Analyses User Guide, NPI11.0

May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.




Fabrication Analysis - Signal Layer Checks
Conductor Width (Size)

Conductor Width (Size)

Reports lines with neckdowns.

Internal ERF Name | <Area>:conductor_width

Measurement Shape | Segment representing width at thinnest point

Measurement Value | Width

Measurement ID None

Layers Displayed Signal layer

Graphic

Function Reports lines with neckdowns.

ERF Parameters pp_layer

ERF Variables v_conductor_width_full check

Constraint Feature Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
Sliver (Sliver) (Signal Layer)

Sliver (Sliver) (Signal Layer)

Reports dlivers, either between two copper areas (positive layer) or two clearance areas
(negative layers), that have width less than pp_dliver, and non-zero.

Internal ERF Name | <Area>:dliver

Measurement Shape | Segment

Measurement Value | Size

Measurement ID Feature representing the diver line

Layers Displayed Signal layer

Graphic

Purpose A laminate dliver can cause material to detach during photo-imaging
processes in fabrication. Floating pieces can cause defects and shorts
which reduce yield.

Function Reports dlivers, either between two copper areas (positive layer) or two
clearance areas (negative layers), that have width less than pp_dliver,
and non-zero. A dliver isdefined by v_dist2dliver_ratio and
v_min_dliver_perim. See“Sliver and Short Sliver Categories (Signal
Layer Checks)” on page 56.

ERF Parameters pp_layer
pp_sliver

ERF Variables v_dliver_algorithm _mode=1
v_dist2diver_ratio
v_min_sliver_perim
large net_min
v_dlivers check_diff_net =yes
replace_crosshatch_by surface
v_min_dsliver_len

Constraint Feature Spacing

Related Category Short Sliver (Sliver)
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Fabrication Analysis - Signal Layer Checks
Short Sliver (Sliver) (Signal Layer)

Short Sliver (Sliver) (Signal Layer)

Reports dlivers, either between two copper areas (positive layer) or two clearance areas
(negative layers), that have width less than pp_dliver, and non-zero.

Interna ERF Name | <Area>:short_dliver

Measurement Shape | Segment

Measurement Vaue | Size

Measurement 1D None

Layers Displayed Signal layer

Graphic

Purpose A laminate sliver may cause material to detach during photo-imaging
processes in fabrication. The floating piece can cause defects and shorts
which reduce yield.

Function Reports dlivers, either between two copper areas (positive layer) or two
clearance areas (negative layers), that have width less than pp_dliver,
and non-zero. See“Sliver and Short Sliver Categories (Signal Layer
Checks)” on page 56.

ERF Parameters pp_layer
pp_dliver

ERF Variables v_dliver_algorithm_mode =1
v_dist2dliver_ratio
v_min_sliver_perim
large_net_min
v_dlivers_check_diff_net
replace _crosshatch_by surface
v_min_sliver_len

Constraint Feature Spacing

Related Category Sliver (Sliver)
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Fabrication Analysis - Signal Layer Checks

Stubs (Stubs)

Stubs (Stubs)

Reports line endpoints that do not touch any other feature.

Internal ERF Name | <Area>:stub
Measurement Shape | Endpoint
Measurement Value | Shape
Measurement ID Feature representing the open dimensions (r 8)
Layers Displayed Signal layer
Graphic '
Stubs with both ends touching the
zame surfacefeature are not
reported if ERF varialile
v astuba check both enda=Bo
Purpose In some cases, stubs indicate an error in the design. Normally, lines end
with pads, or are drilled by component holes or vias (wide ground
conductors).
Function Reports line endpoints that do not touch any other feature.
M easurements are shapes representing the endpoints (for example, a
circlefor around, capped line).
When two identical lineslie on top of each other, the endpoints touch
each other. Thisisreported if the end points do not touch other features.
Drilled line endpoints are not inserted as measurements.
ERF Parameters pp_layer
ERF Variables v_stubs check both _ends
v_terminated_stub
Limitations ¢ Features tagged with attribute Copper Balancing are not tested for
‘Stubs’ so as to improve performance.
e The endpoints of linesthat are shaved (touching successive negative
features) are not inserted as measurements.
e When two circuit lines coincide, afalse alarm may be reported at the
end of the wider line.
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Fabrication Analysis - Signal Layer Checks
SMD Pads (SMD)

SMD Pads (SMD)

Reports pads tagged with feature attribute SMD Pad.

Internal ERF Name | <Area>;smd_pad

M easurement Shape | Pad
Measurement Value | Shape representing the pad
Measurement 1D None

Layers Displayed Signal layer

Graphic

Purpose Provides areview of al identified SMD pads used in the design. It can
be used as a measure of the difficulty in producing the job.

Function Reports pads tagged with feature attribute SMD Pad. M easurements are

shapes of SMD pads (circle, square or bounding box).

ERF Parameters pp_layer

ERF Variables

Limitations
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Fabrication Analysis - Signal Layer Checks
Exposed Via to Exposed Via (Exposure)

Exposed Via to Exposed Via (Exposure)

Reports distances less than pp_e _spacing between the edges of the exposed copper of two
uncapped vias, while ignoring pads of the same net that are fully embedded in copper.
Classified by the process.

Internal ERF Name | <Area>.exvia2exvia

Measurement Shape | Segment
Measurement ID Vias

Layers Displayed Top or Bottom signal
Solder mask layers

Graphic

Q19

Purpose Vias (pads) should be kept distant from each other to prevent solder
bridging during the assembly process.

Function Reports distances less than pp_e_spacing between the edges of the
exposed copper of two uncapped vias, while ignoring pads of the same
net that are fully embedded in copper. Classified by the process.

ERF Parameters pp_layer

Pp_e_spacing
ERF Variables V_tp_exvia as via
Constraint Via Spacing
Limitations
96 DFM Analyses User Guide, NPI11.0

May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Fabrication Analysis - Signal Layer Checks
Exposed Via to Exposed Copper (Exposure)

Exposed Via to Exposed Copper (Exposure)

Reports the distance between the edge of the exposed copper of an uncapped via and the
exposed copper on the outer signal layers only, when closer than pp_e _spacing. Does not report
spacing between pads of the same net that are fully embedded in copper. Classified by process.
The reported exposed via and exposed copper surface do not touch.

Internal ERF Name | <Area>:exvia2exc

Measurement Shape | Segment

Measurement ID Viaand copper surface

Layers Displayed Top or Bottom signal
Solder mask layers

Graphic
\! p,

Function Reports the distance between the edge of the exposed copper of an
uncapped via and the exposed copper on the outer signal layers only,
when closer than pp_e_spacing. Does not report spacing between pads of
the same net that are fully embedded in copper. Classified by process.
The reported exposed via and exposed copper surface do not touch.

ERF Parameters pp_layer
pp_e_spacing

ERF Variables V_tp_exvia as via

Constraint Via Spacing

Limitations
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Fabrication Analysis - Signal Layer Checks
ERF Parameters for Signal Layer Checks

ERF Parameters for Signal Layer Checks

Parameters set in the ERF file control the analysis.

Screen Name Parameter Description Categories
Affected
Layer pp_layer Defines the layer to be All categories
affected by the action.
Spacing pp_spacing Defines search radiusto use | Viato Via
when looking for closely
spaced features. Padto P?d )
Pad to Circuit
Circuit to Circuit
Text to Text
Same Net
Spacing
Drill to Cu pp_d2c Defines the search radiusfor | NPTH to Pad
copper features too close to -
drills, and also determinesthe NPTH to Circuit
maximum annular ring value | PTH to Copper
to be reported. PTH Annular
Ring
NPTH Annular
ring
PTH (Comp)
Annular Ring
ViaAnnular
Ring
Tooling Hole to
Exposed Copper
Sliver Min pp_sliver Maximum sliver width to be | Sliver
reported in the sliver Short Sliver
category.
Exposure Spacing | pp_e_spacing Maximum spacing between | Exposed Viato
exposed copper features. Exposed Via
Exposed Viato
Exposed Copper
Tests List pp_tests Defines the tests to be run. All categories
See“Tests Performed in
Signal Layer Checks’ on
page 52.
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Fabrication Analysis - Signal Layer Checks
ERF Variables for Signal Layer Checks

ERF Variables for Signal Layer Checks

Variables set in the ERF file control the analysis.

ERF Variable Description Categories
Affected
classify_pad_ar Determines how viaor PTH measurements are PTH Annular
reported. Ring
yes — Classify AR measurement according to via | PTH (Comp)
or PTHin*ViaAnnular Ring' or ‘PTH (Comp) Annular Ring
Annular Ring'. (default) Blind Via
no— Report all viaor PTH measurementsin‘PTH | Annular Ring
Annular Ring'. Buried Via
Annular Ring
classify_pad2pad no — All measurements reported to ‘Pad to Pad’ | Viato Via
category. (default) Pad to Pad
yes — Distributes measurements to the following
categories, depending on pad type:
e ‘Toeprint to Toeprint’” — when both pads
belong to the same component with attribute
Required Toeprint Spacing.
e ‘SMD to SMD’ — When both pads are SMD
pads.
e ‘Viato Via — When both pads are pierced by
aviadrill.
e ‘PTH to PTH’ — When both pads are pierced
by anon-viadrill.
e ‘Padto Pad’ — All other pads.
classify_via2c 0 — Do not distinguish between viaand PTH PTH to Copper
measurements to copper. Report both in ‘PTH to
Copper’. (default) gﬂet Klgtopper
1 — Distinguish between viaand PTH holes. ;
Report measurementsin ‘Viato Copper’ or ‘PTH Viato Copper
to Copper’.
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ERF Variables for Signal Layer Checks

yes— Only distances less than pp_d2c are
reported. (default)

no — All values reported.

ERF Variable Description Categories
Affected
group_drill_to_copp D_etermines Whet_her to report only the closest NPTH to Pad
er violation or al violations. NPTH to Circuit
1—For ea(_:h dri_II (N_PTH, PTH, or via) onlythe | prH 1o Copper
closest spacing violation is reported to its
respective category. If there are both pad and PTH to Copper
circuit spacing violates with NPTHs, only the Same Net
closest isreported in its respective category (either | Viato Copper
‘NPTH to Pad’ or ‘NPTH to Circuit’). The category
of the other violation does not appear. (default)
0 — All spacing violations are reported, each to its
respective category.
large_net_min Nets with more than large_net_min features are Same Net
ignored in ‘ Same Net Spacing’, ‘ Sliver’ and * Short | Spacing
Sliver’ categories. Sliver
Short Sliver
len2width_ratio Minimum ratio of length to width of alineto be Lines
inserted inthe ‘Lines category.
limited_npth_check | Determineswhether NPTH annular ring values NPTH Annular
larger than pp_d2c are reported. Ring

max_bottleneck_wid
th

M aximum bottleneck width for ‘ Conductor Width'
and ‘ Copper Bottleneck’.

Conductor Width

max_line width

Maximum linewidth in ‘Lines category.

Lines
Line Neckdown
Arc

max_reg Maximum offset to be considered a registration PTH Registration
error. A center to center distance of adrill and pad | \pTH
larger than this value, is not reported. Registration
min_line_len Minimum linelength in ‘Lines’ category. Also the | Lines
minimum overlap between linesto report in ;
parallel spacing. Spacing
pth_breakout_angle | Defines maximum angle allowed for breakout of PTH Annular
drill from PTH pad. Ring
PTH (Comp)
Annular Ring

100

DFM Analyses User Guide, NPI111.0

May 2019



Fabrication Analysis - Signal Layer Checks
ERF Variables for Signal Layer Checks

ERF Variable Description Categories
Affected
reg_allowance A distance between pad center and drill center PTH Registration
greater than this valueis considered misregistered. | \pTH
Registration
replace_crosshatch_ | Determines how dlivers are reported. Sliver
by_surface yes— Do not report slivers found on hatched area. | Short Sliver
(default) (Gerber)
no — Report slivers found on hatched area.
by attr — Do not report dlivers found on features
with a hatch attribute. (EDA)
report_lines with_ar | Determines how lines with arcs are reported. Lines
cs yes— Arc sizes are reported to ‘Lines’ or ‘ Shaved | Shaved Line
Line . (default) Arc
no— Arc sizesarereported in “Arcs’ or ‘Shaved | ghaved Arc
Arcs'.
rm_d2c Reliability margin for al drill to copper Affectsthe
measurements other than annular ring. Used in the | reporting of result
calculation of the DRA attributes. attributes for drill
categories
self_spacing Determines whether self-spacing measurementsare | Same Net
taken. Spaci ng
yes — Self-spacing measurements are taken. (Spacing)
(default) Same Net
__ Self-spaci Spacing
no — Self-spacing measurements are not taken. (Bottleneck)
spacing_length_mea | Determines whether parallel spacing measurements | Spacing Length
sure are taken.
yes — Parallel spacing measurements are taken.
(default)
no — Measurements are not taken.
spacing_resolution | Determines the resolution for parallel spacing Spacing Length

report. (Imil = default)
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ERF Variables for Signal Layer Checks

ERF Variable Description Categories
Affected
v_bottleneck _algorit | Defines which of two algorithmsis used to Conductor Width
hm_mode determine bottleneck violations. (Bottleneck)
0 — Use origina agorithm where results are Same Net
reported to ‘ Conductor Width' (Bottleneck) and Spacing
‘Same Net Spacing’ (Bottleneck). (slow) (Bottleneck)

1 — Use improved algorithm where results are
reported to * Copper Bottleneck’ (Bottleneck).
(default) (fast)

2 — Results are the same as with 1, but the process
isslower. (Remainsin the system to insure
backward compatibility.)

v_conductor_width_

full_check

Determines how conductor width is checked.

no — Conductor width is not checked if aline or
arc istouched by more than a certain, threshold,
number of negative shapes (neckdowns). The result
is better performance. (default)

yes — Conductor width is checked, no matter the
number of negative shapes. Therefore, thereisa
degradation in performance.

Conductor Width

v_dist2dliver_ratio | Minimal ratio for the distance between Sliver
measurement segment endpoints along the net and :
the width of the Sliver. Short Sliver
See“DFM Analysis Compatibility for Signal Layer
Checks” on page 54

v_min_dsliver_len Sliversshorter than thisvalue arereported as* Short | Sliver
Sliver'. All othersarereported in * Sliver’. :
Maximum possible value is 100 mils. Short Sliver
See“DFM Analysis Compatibility for Signal Layer
Checks’ on page 54

v_min_sliver_perim | Defines the minimal distance between the Sliver
measurement segment endpoints along the net. (For | gnort gliver

adescription of perimeter, see “ Sliver and Short
Sliver Categories (Signal Layer Checks)” on
page 56).
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ERF Variables for Signal Layer Checks

ERF Variable

Description

Categories
Affected

e

V_report_via by typ

Determines whether via annular ring violations are
reported to ‘ ViaAnnular Ring’ or to individual
categories according to viatype.

no — Report all viaannular ring violationsto ‘Via
Annular Ring'. (default)

yes— Report viaannular ring violations according
to type: regular, blind or buried.

Blind Via
Annular Ring

Buried Via
Annular Ring

mode

v_dliver_algorithm _

Defines which of two algorithmsis used to
determine dliver violations.

0 — Use origina agorithm where results are
reported to the * Sliver’ category. (Slow)

1 — Useimproved agorithm where results are
reported to either the * Sliver’ or * Short Sliver’
category. (fast) (default)

2 — Results are the same aswith 1, but the process
isslower. (Remainsin the system to insure
backward compatibility.)

Sliver
Short Sliver

_nets

v_dlivers check diff

no — Do not report slivers detected between
unconnected features (on different nets). (default)

yes — Report sivers detected between
unconnected features, and distances between close
nets.

See“DFM Analysis Compatibility for Signal Layer
Checks’ on page 54

Short Sliver

v_split_pth2c_report

Determines whether to report results from the same
CAD net in this category along with those of
different CAD nets or to ‘ PTH to Copper Same
Net’.

no - report al results to this category. (default)

yes - report same CAD net resultsto ‘PTH to
Copper Same Net’.

PTH to Copper

PTH to Copper
Same Net

_ends

V_stubs _check_both

yes— Lines and arcs with both ends touching the
same surface or feature are reported as stubs.
(default)

no — Ignore stubs touching the same surface or
feature.

Stubs
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ERF Variables for Signal Layer Checks

ERF Variable Description Categories
Affected
v_surface spacing_s| Determines whether measurements to surfaces are | Pad to Circuit

eparately

reported as circuits or into their own categories.

no — Report surfaces as circuits to categories
‘Circuit to Circuit’, ‘Pad to Circuit’ and ‘NPTH to
Circuit’. (default)

yes— Report measurementsto surfacesto * Surface
to Surface’, ‘Pad to Surface', * Circuit to Surface’
and ‘NPTH to Surface.’

NPTH to Circuit

v_terminated_stub | Determines whether lines with small pads at their | Stubs
endpoints are reported as stubs.
0 — Do not report such lines as a stub.
1 — Report lines with a pad smaller than the line
endpoint (and having the same x and y coordinate)
as a stub. (default)
2 — Report lines with a pad smaller than or equal
to the line endpoint as a stub.
v_tp_exvia as via | Determineswhether an exposed viawith attribute | Exposed Viato
ICT Test Point is considered avia (reported in Exposed Via
‘Exposed Viato Exposed Via') or a copper pad :
(reported in “ Exposed to Exposed’). gggg \Cl:lo%g?ar
no — Consider via pad with attribute ICT Test
Point a copper pad. (default)
yes—Consider via pad with attribute ICT Test
Point avia.
via_breakout_angle | Defines maximum angle allowed for breakout of PTH Annular
drill from via pad. Ring
Blind Via
Annular Ring
Buried Via
Annular Ring

104

DFM Analyses User Guide, NPI111.0

May 2019



Chapter 4
Fabrication Analysis - Power and Ground
Checks

The Power and Ground Checks action is aread-only action that finds potential
manufacturability defectsin power and ground and mixed layers. It uses different algorithms to
diagnose negative and positive power and ground layers.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Power and Ground Checks. ....... ... ...t 106
AttributesUsed in Power and Ground Checks. .......... .. ... .o .. 106
DFM Analysis Compatibility for Power and Ground Checks. .................... 107
Sliver and Short Sliver Categories (Power and Ground). . ....................... 107
Categoriesin Power and Ground Checks. ...t 110
NPTH to Copper (Drill) . ..o e 112
PTH Annular Ring (Drill). . ... oo e 113
PTH to Copper (Drill). ... e e e e e 114
Viato Copper (Drill). . ..o 115
PTH ContainsClearance (Drill) . . . ... .o e 116
ViaContainsClearance (Drill) . .. ... o e 117
PTHto Plane (Drill) . ..o e e 118
ViatoPlane (Drill) . . ..o 119
NPTHto Plane (Drill). .. ..o e e e e 120
NPTH Contains Copper (Drill). . ..o e 121
Missing Cufor Vias (Drill). ... ..o 122
PTH Registration (Drill) . .. .. ..o e e e 123
NPTH Registration (Drill) .. ... e 124
ViaRegistration (Drill) . . ... ..o 125
Sliver (Sliver) (Powerand Ground) .. ... ...ttt e 126
Short Sliver (Sliver) (Powerand Ground) . ..........c i 127
Spoke Width (Thermal) . ... ... e 128
Thermal Connect Reduction (Thermal) ............... .. . i, 129
Plane Spacing (Plane Spacing) . . . .. .o v i 130
Segmentation Lines (Plane Spacing) . ... ..o o v et 131
ERF Parametersfor Power and Ground Checks. .......... ... ... .o, 132
ERF Variablesfor Power and Ground Checks. . .......... ... oo, 133
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Fabrication Analysis - Power and Ground Checks
Tests Performed in Power and Ground Checks

Tests Performed in Power and Ground Checks

Several power and ground checks analysis tests can be run. For each test performed, results
might be reported to the result categories available for that test. In the result category
descriptions in this document, the test name isindicated in parentheses after the category name.

e Drill — Reports distance violations between NPTHs, PTHS, or Vias to plane, copper,
clearances and annular rings.

e Sliver — Reports dliversin negative and positive layers. See “Sliver and Short Sliver
Categories (Power and Ground)” on page 107.

e Thermal — Reports spoke (tie) widths and reduction of connectivity of thermal pads.

These categories apply only to negative layers and to proper thermal pads (pads with
“th...” names). The categories detect thermal ties either completely broken or chipped by
adjacent clearances and thermals.

The categories report the spoke (tie) width and the percentage of overall reduction in
thermal pad electrical connectivity. If athermal has four 10-mil ties, of which two are
completely broken, there is a 50% reduction in thermal connectivity.

¢ Plane Spacing — Reports spacing between features of different planes.

Attributes Used in Power and Ground Checks

Attributes assigned to features and layersin the product model control the analysis.

Feature Attributes

Table 4-1. Power and Ground Checks Feature Attributes

Name Description

Drill Type This attribute is attached to hole featuresin drill layers. It defines the
type of drill and isused extensively during fabrication analysis.

Layer Attributes

Table 4-2. Power and Ground Checks Layer Attributes

Name Description

Layer Class This attribute is used to differentiate between layers. It enables you to
set different ERF ranges for power layers than for ground layers.
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DFM Analysis Compatibility for Power and Ground Checks

DFM Analysis Compatibility for Power and
Ground Checks

To maintain compatibility between legacy products and DFM Analysis, ERF variables used
with earlier products are mapped to the appropriate DFM Analysis ERF variables.

Earlier Products DFM Analysis
max_net_size V_max_nhet_size
dist2dliver_ratio v_dist2dliver_ratio
min_sliver_len v_min_diver_len

Sliver and Short Sliver Categories (Power and
Ground)

These two categories deal with slivers, narrow strips of copper between two features or between
non-adjacent sides of the same feature. It isimportant to detect slivers which could break off
during the manufacturing process and cause shorts. In detecting dlivers, length, width and
shortest perimeter length are measured.

These categories do not detect acute angles. To detect acute angles as slivers, set ERF parameter
pp_sliver = 12 mils or more (this may also cause additional reports of non-critical violations).
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Fabrication Analysis - Power and Ground Checks
Sliver and Short Sliver Categories (Power and Ground)

Sliver wichth - a dizstance between two featurss or two
non-adjazent zidez of a feature lezz than the
pp_aliver action parametsr but greater than zero.

Sliver length - the dizstance for which the two features
or two non-adjacent sides run parallel. If greater than
ERF variabls v min sliwver len, reportsdto ‘Sliver
category. If lezs, reported to ‘Short Sliver’ category. If
sliver width iz greater than the lenagth, the greatest
dimenzion of gap iz uzed as the length. (See figure at
right.) Violations are reported to ‘Sliver’ sven if actual
length iz lsss than v min sliver len

IMeazurementz ars diztance ssgmentz betwesn two connected featurss
(features on the 2ame net) or two non-adjazent sides of one featurs.

D = zhortsst perimeter length ——
fremone endpoint of the
measurement segment to the
other endpoint (red line fram D1
to D2).

S = sliver width

D1 perimester

endpaint
D >z v dist2sliver raktio D2 perimstsr

When both these S endpoint
conditions apply. a ( and S

gliver is reported. Y

D == v min aliver perim
Applying the Sliver DFx Variables
Applying the Sliver DFx Variahles
v min sliver perim v diat2aliver ratio

D1
2 5 D D D
D2 - Sliver s S

A7 y/
Parimstar iz zrmall | iz largs

lenath iz length S el R
oDy to Do, "':l

! D

If perimeter length iz too short, If ratio iz too 2mall,
meazsurement iz ignored. measuremeant is ignored.

When the two features are not connected (not on the same net), v_dist2dliver_ratio and

v_min_sliver_perim become irrelevant.
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Fabrication Analysis - Power and Ground Checks
Sliver and Short Sliver Categories (Power and Ground)

Sliversfound on hatched areas (a planefilled with linesinstead of solid copper, where each line
in the area has the attribute Hatch Feature) are reported only if ERF variable
replace crosshatch by surface=by_attr. (Default value = yes).

However, if the surfaceisfilled with at least fifty lines of the same width, it is accepted asa
hatched area even if the lines do not bear the Hatch Feature attribute and ERF variable
replace crosshatch by surface=no.
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Fabrication Analysis - Power and Ground Checks
Categories in Power and Ground Checks

Categories in Power and Ground Checks

Several power and ground checks analysis tests can be run. For each test performed, results
might be reported to the result categories available for that test. In the result category
descriptions in this document, the test name isindicated in parentheses after the category name.

All measurements are from edge to edge of copper, drill or clearance unless stated otherwise.

Table 4-3. Result Categories for Power and Ground Checks

Category

Description

NPTH to Copper (Drill)

Reports NPTHSs closer than pp_d2c or touching copper.

PTH Annular Ring (Drill)

Reports the shortest distance between drill and laminate for
PTHs embedded in copper if less than pp_dZ2c.

PTH to Copper (Drill)

Reports other net drills embedded in laminate if the distance
from the edge of the drill to the nearest copper is less than
pp_d2c.

Viato Copper (Drill)

Reports other net drills embedded in laminate if the distance
from the edge of the drill to the nearest copper isless than
pp_d2c.

PTH Contains Clearance
(Drill)

Reports drills containing clearances on negative layers only. If
clearance sizeis closeto drill size, drill connectivity is
degraded.

Via Contains Clearance
(Drill)

Reports drills containing clearances on negative layers only. If
clearance sizeis closeto drill size, drill connectivity is
degraded.

PTH to Plane (Drill)

Reports drills (embedded in copper) closer than pp_d2c to other
net copper.

Viato Plane (Drill)

Reports drills (embedded in copper) closer than pp_d2c to other
net copper.

NPTH to Plane (Drill)

Reports NPTHSs closer than pp_d2c to other net copper.

NPTH Contains Copper
(Drill)

Reports NPTHSs containing copper on positive layers only.

Missing Cu for Vias (Drill)

Reports via holes not completely surrounded by copper in the
drill layer with layer attribute Vias Need CU.

PTH Registration (Drill)

Reports the center-to-center distance between drills and
touching pads, if larger reg_allowance and smaller than
max_reg.

NPTH Registration (Drill)

Reports the center-to-center distance between drills and
touching pads, if larger reg_allowance and smaller than
max_reg.
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Fabrication Analysis - Power and Ground Checks
Categories in Power and Ground Checks

Table 4-3. Result Categories for Power and Ground Checks (cont.)

Category

Description

ViaRegistration (Drill)

Reports the center-to-center distance between drills and
touching pads, if larger reg_allowance and smaller than
max_reg.

Sliver (Sliver) (Power and
Ground)

Reports divers, either between two copper areas (positive layer)
or two clearance areas (negative layers) (usual case), whose
width isless than pp_dliver, and non-zero.

and Ground)

Short Sliver (Sliver) (Power

Reports sivers, either between two copper areas (positive layer)
or two clearance areas (negative layers) (usual case).

Spoke Width (Thermal)

Reports thermal spoke (tie) widths in negative layers with
flashed pads that are less than their defined widths.

Thermal Connect Reduction

Reports all incidents of thermal connectivity reduction in

(Thermal) negative layers where thermal pads are flashed.
Plane Spacing (Plane Reports features in a positive or negative layer closer than
Spacing) pp_pln_spacing belonging to different plane netsif the

measurement segment touches copper only at its endpoints.

Segmentation Lines (Plane
Spacing)

Reports widths of actual laminate (spacing width) occupied by
linesin negative layers only (linesin negative plane layers
represent spacing), less than pp_pln_spacing.
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Fabrication Analysis - Power and Ground Checks
NPTH to Copper (Drill)

NPTH to Copper (Drill)

Reports NPTHSs closer than pp_d2c or touching copper.

Internal ERF Name | <Area>:npth2c

Measurement Shape | Segment
Measurement ID Drill and clearance (in negative layer) or none (in positive layer)

Layers Displayed Power and ground layer
Drill layer piercing it

Graphic

Purpose A non-plated through hole should be kept away from copper surfaces
since it isused for mounting and tooling by metal objects.

Function Reports NPTHSs closer than pp_d2c or touching copper.

In negative power and ground layers, aviolation isan NPTH whose
clearance is not large enough. In positive power and ground layers, a
violation isan NPTH too close to copper features.

ERF Parameters pp_d2c

ERF Variables take_npth_range
Constraint Non-plated Hole Spacing
Limitations
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Fabrication Analysis - Power and Ground Checks
PTH Annular Ring (Drill)

PTH Annular Ring (Drill)

Reports the shortest distance between drill and laminate for PTHs embedded in copper if less

than pp_d2c.

Internal ERF Name | <Area>:pth2t (from pth to thermal)

Measurement Shape | Segment

Measurement ID In negative power and ground layer, Entity = thermal pad, or Entity =
clearanceif clearance encroaches on drill. In positive power and ground
layer, thereis no Entity.

Layers Displayed Power and ground layer
Drill layer piercing it

Graphic ‘

Purpose A hole connected to copper must have a sufficiently large annular ring
of copper. If not, shifts of the drill and the imaging process cause the
drill to lack sufficient contact.

Function Reports the shortest distance between drill and laminate for PTHs
embedded in copper if less than pp_d2c. Breakouts are allowed by
specifying a breakout angle between 0 - 180 where 0 = no breakout.

In most cases these drills are drilled through thermal pads; the annular
ring indicates the quality of the connection. With negative power and
ground layers, the associated entity from the power and ground layer isa
thermal pad. See “Annular Ring Measurement” on page 54.

ERF Parameters pp_d2c

ERF Variables classify_via2t
pth_breakout_angle

Constraint Plated Hole AR

Limitations In positive power and ground layers, no associated copper features are
reported.
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Fabrication Analysis - Power and Ground Checks

PTH to Copper (Drill)

PTH to Copper (Drill)

Reports other net drills embedded in laminate if the distance from the edge of the drill to the
nearest copper islessthan pp_d2c.

Internal ERF Name | <Area>:pth2c

Measurement Shape | Segment

Measurement ID Drill, thermal or close clearance (negative layer); nothing (positive
layer)

Layers Displayed Power and ground layer
Drill layer piercing it

Graphic

Purpose A holeto beisolated from power or ground planes must be kept apart
from copper. The required distanceistypically larger than regular
spacing due to the higher than usual current.

Function Reports other net drills embedded in laminate if the distance from the
edge of the drill to the nearest copper is less than pp_d2c.
This category also indicates the spacing of the hole from the copper or its
laminate annular ring. Normally, it shows how well holes are embedded
in laminate.

ERF Parameters pp_d2c

ERF Variables classify via2c

Constraint Plated Hole Spacing

Limitations In positive power and ground layers, no associated copper featureis
reported.
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Fabrication Analysis - Power and Ground Checks
Via to Copper (Drill)

Via to Copper (Drill)

Reports other net drills embedded in laminate if the distance from the edge of the drill to the
nearest copper islessthan pp_d2c.

Internal ERF Name | <Area>.via2c
Measurement Shape | Segment
Measurement ID Drill and thermal or close clearance (negative layer); none (positive
|layer)
Layers Displayed Power and ground layer
Drill layer piercing it
Graphic
Purpose A hole to be isolated from power or ground planes must be kept apart
from copper. The required distanceistypically larger than regular
spacing due to the higher than usual current.
Function Reports other net drills embedded in laminate if the distance from the
edge of the drill to the nearest copper is less than pp_d2c.
ERF Parameters pp_d2c
ERF Variables classify via2c=1
Constraint Plated Hole Spacing
Limitations In positive power and ground layers, no associated copper featureis
reported.
DFM Analyses User Guide, NPI11.0 115
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.




Fabrication Analysis - Power and Ground Checks
PTH Contains Clearance (Drill)

PTH Contains Clearance (Drill)

Reports drills containing clearances on negative layers only. If clearance sizeis close to drill
Size, drill connectivity is degraded.

Internal ERF Name | <Area>:pth_cont_clr

Measurement Shape | Segment

Measurement ID Drill

Layers Displayed Power and ground (or mixed) layer
Layer piercing it

Graphic

than aiearanee.

Function Reports drills containing clearances on negative layersonly. If clearance
sizeiscloseto drill size, drill connectivity is degraded. Measurements
are segments representing the smallest distance between drill and
clearance outlines.

ERF Parameters

ERF Variables classify_via cont_clr

Constraint Hole Clearance

Limitations
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Fabrication Analysis - Power and Ground Checks
Via Contains Clearance (Drill)

Via Contains Clearance (Drill)

Reports drills containing clearances on negative layers only. If clearance sizeis close to drill
Size, drill connectivity is degraded.

Interna ERF Name | <Area>:via cont_clr
Measurement Shape | Segment
Measurement ID Drill
Layers Displayed Power and ground (or mixed) layer
Layer piercing it
Graphic
Drill hale larger
than clearance
Function Reports drills containing clearances on negative layersonly. If clearance
sizeiscloseto drill size, drill connectivity is degraded. Measurements
are segments representing the smallest distance between drill and
clearance outlines.
ERF Parameters
ERF Variables classify via cont clr=1
Constraint Hole Clearance
Limitations
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Fabrication Analysis - Power and Ground Checks

PTH to Plane (Drill)

PTH to Plane (Drill)

Reports drills (embedded in copper) closer than pp_d2c to other net copper.

Internal ERF Name | <Area>:pth2p

Measurement Shape | Segment

Measurement ID Drill

Layers Displayed Power and ground (or mixed) layer
Drill layer piercing it

Graphic

Function Reports drills (embedded in copper) closer than pp_d2c to other net
copper. Measurements are segments representing the distance between
plane and hole edge.

ERF Parameters pp_d2c

ERF Variables classify via2p

Constraint Plated Hole Spacing

Limitations This category applies only to positive power and ground layers.
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Fabrication Analysis - Power and Ground Checks
Via to Plane (Drill)

Via to Plane (Drill)

Reports drills (embedded in copper) closer than pp_d2c to other net copper.

Internal ERF Name | <Area>.viazZp
Measurement Shape | Segment
Measurement ID Drill
Layers Displayed Power and ground (or mixed) layer
Drill layer piercing it
Graphic
Function Reports drills (embedded in copper) closer than pp_d2c to other net
copper. Measurements are segments representing the distance between
plane and hole edge.
ERF Parameters pp_d2c
ERF Variables classify via2p=1
Constraint Pated Hole Spacing
Limitations This category applies only to positive power and ground layers.
DFM Analyses User Guide, NPI11.0 119
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.




Fabrication Analysis - Power and Ground Checks
NPTH to Plane (Drill)

NPTH to Plane (Drill)

Reports NPTHSs closer than pp_d2c to other net copper.

Internal ERF Name | <Area>:npth2p
Measurement Shape | Segment
Measurement |ID NPTH
Layers Displayed e Power and ground (or mixed) layer
e Drill layer piercing it
Graphic
Function Reports NPTHSs closer than pp_d2c to other net copper. Measurements
are segments representing the distance between plane and hole edge.
ERF Parameters pp_d2c
ERF Variables take npth_range
Constraint Non-plated Hole Spacing
Limitations
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Fabrication Analysis - Power and Ground Checks
NPTH Contains Copper (Drill)

NPTH Contains Copper (Drill)

Reports NPTHSs containing copper on positive layers only.

Internal ERF Name | <Area>:npth _cont_c

Measurement Shape | Segment

Measurement ID Drill

Layers Displayed e Power and ground layer

e Layer piercing it
Graphic
Purpose Having copper inside non-plated through holes serves no purpose and
inflicts unnecessary wear and tear on the drill bit.

Function Reports NPTHSs containing copper on positive layers only.

ERF Parameters

ERF Variables

Constraint Hole Clearance

Limitations
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Fabrication Analysis - Power and Ground Checks
Missing Cu for Vias (Drill)

Missing Cu for Vias (Drill)

Reports via holes not completely surrounded by copper in the drill layer with layer attribute

Vias Need CU.

Internal ERF Name | <Area>:miss_cu

Measurement Shape | Circle

Measurement |D Vias

Layers Displayed Power and ground layer
Drill layer which piercesit

Graphic S .\

E/ﬂ Mizsing copper
2
_/'T\!,

Purpose To determine if aviadrill is completely surrounded by copper in power
and ground layers.

Function Reports via holes not completely surrounded by copper in the drill layer
with layer attribute Vias Need CU. Measurements are circles
representing the via

ERF Parameters

ERF Variables

Limitations
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Fabrication Analysis - Power and Ground Checks
PTH Registration (Drill)

PTH Registration (Drill)

Reports the center-to-center distance between drills and touching pads, if larger reg_allowance
and smaller than max_reg.

Internal ERF Name | <Area>:pth reg

Measurement Shape | Segment

Measurement ID Drill; Pad

Layers Displayed e Power and ground layer

o Drill layer which piercesit
Graphi c Center of drill
Mizregizstration measurement from
' center of thermal to center of drill.
- Center of thermal

Purpose Typically, ahole should be in the middle of a pad. Any deviation may
indicate inaccuracy in the input files or a CAD system error.

Function Reportsthe center-to-center distance between drills and touching pads, if
larger reg_allowance and smaller than max_reg. Measurements are
segments representing distance.

ERF Parameters

ERF Variables reg_allowance
max_reg

Limitations If the distance between the centersis larger than max_reg, then the
features are considered offset on purpose and large registration errors
may be missed.
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Fabrication Analysis - Power and Ground Checks

NPTH Registration (Drill)

NPTH Registration (Drill)

Reports the center-to-center distance between drills and touching pads, if larger reg_allowance
and smaller than max_reg.

Internal ERF Name | <Area>:npth_reg

Measurement Shape | Segment

Measurement ID Drill; Pad

Layers Displayed e Power and ground layer

o Drill layer which piercesit
Graphic Centerof drill
Mizregistration measurement from
' center of thermal to center of drill.
- Center of thermal

Purpose Typicaly, ahole should be in the middle of apad. Any deviation may
indicate inaccuracy in the input files or a CAD system error.

Function Reports the center-to-center distance between drills and touching pads, if
larger reg_allowance and smaller than max_reg. Measurements are
segments representing distance.

ERF Parameters

ERF Variables reg_allowance
max_reg

Constraint Hole Registration

Limitations If the distance between the centersis larger than max_reg, then the
features are considered offset on purpose and large registration errors
may be missed.
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Fabrication Analysis - Power and Ground Checks
Via Registration (Drill)

Via Registration (Drill)

Reports the center-to-center distance between drills and touching pads, if larger reg_allowance
and smaller than max_reg.

Internal ERF Name | <Area>.via reg

Measurement Shape | Segment

Measurement ID Drill; Pad

Layers Displayed e Signal layer

e Drill layer which piercesit
Graphi c Center of drill
Mizregistration measurement from
' center of thermal to center of drill.
- Center of thermal

Purpose Typically, ahole should be in the middle of a pad. Any deviation may
indicate inaccuracy in the input files or a CAD system error.

Function Reports the center-to-center distance between drills and touching pads,
if larger reg_allowance and smaller than max_reg. Measurements are
segments representing distance.

ERF Parameters

ERF Variables reg_allowance
max_reg

Constraint Hole Registration

Limitations If the distance between the centersis larger than max_reg, then the
features are considered offset on purpose and large registration errors
may be missed.
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Fabrication Analysis - Power and Ground Checks
Sliver (Sliver) (Power and Ground)

Sliver (Sliver) (Power and Ground)

Reports dlivers, either between two copper areas (positive layer) or two clearance areas
(negative layers) (usual case), whose width islessthan pp_dliver, and non-zero.

Internal ERF Name | <Area>:dliver

Measurement Shape | Segment

Measurement 1D None

Layers Displayed Power and ground layer

Graphic

Purpose A copper dliver can cause material to detach during photo-imaging
processes in fabrication. Floating pieces can cause defects and shorts
which reduceyield.

Function Both ‘' Silver’ and ‘ Short Sliver’ report dlivers, either between two copper
areas (positive layer) or two clearance areas (negative layers) (usual
case). A violation isreported if silver width islessthan pp_sliver, and
non-zero. A dliver isdefined by v_dist2dliver_ratio and
v_min_sliver_perim. See“ Sliver and Short Sliver Categories (Power and
Ground)” on page 107.
v_dlivers _check_diff_net usedin‘Sliver’ (Signal Layers Checks), is
irrelevant here,

ERF Parameters pp_dsliver

ERF Variables v_dliver_algorithm_mode
v_dist2dliver_ratio
v_min_sliver_perim
V_max_net_size
replace _crosshatch_by surface
v_min_sliver_len

Constraint Copper Spacing

Related Category Short Sliver (Sliver)

126 DFM Analyses User Guide, NPI111.0

May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.




Fabrication Analysis - Power and Ground Checks
Short Sliver (Sliver) (Power and Ground)

Short Sliver (Sliver) (Power and Ground)

Reports dlivers, either between two copper areas (positive layer) or two clearance areas
(negative layers) (usual case).

Interna ERF Name | <Area>:short_dliver

Measurement Shape | Segment

Measurement 1D None

Layers Displayed Power and ground layer

Graphic

Purpose A copper dliver can cause material to detach during photo-imaging
processes in fabrication. Floating pieces cause defects and shorts which
reduce yield.

Function Both *Silvers' and * Short Sliver’ report dlivers, either between two
copper areas (positive layer) or two clearance areas (negative layers)
(usual case). See “ Sliver and Short Sliver Categories (Power and
Ground)” on page 107.
v_dlivers _check_diff_net usedin‘Sliver’ (Signal Layers Checks), is
irrelevant here,

ERF Parameters pp_sliver

ERF Variables v_dliver_algorithm_mode =1
v_dist2dliver_ratio
v_min_sliver_perim
V_max_net_size
replace _crosshatch_by surface
v_min_sliver_len

Constraint Copper Spacing

Related Category Sliver (Sliver)
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Fabrication Analysis - Power and Ground Checks
Spoke Width (Thermal)

Spoke Width (Thermal)

Reports thermal spoke (tie) widths in negative layers with flashed pads that are less than their
defined widths.

Internal ERF Name | <Area>:spoke width

Measurement Shape | Segment
Measurement 1D None

Layers Displayed Power and ground (or mixed) layer

Graphic

Function Reports thermal spoke (tie) widths in negative layers with flashed pads
that are less than their defined widths. M easurements are segments
describing the spoke width at its narrowest point.

The definition of athermal pad includes the ‘tie width'. ( Spoke gap’ in
DFM Anaysis.)

ERF Parameters

ERF Variables thermal _shrink_outer

Limitations
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Fabrication Analysis - Power and Ground Checks
Thermal Connect Reduction (Thermal)

Thermal Connect Reduction (Thermal)

Reports all incidents of thermal connectivity reduction in negative layers where thermal pads

are flashed.

Internal ERF Name | <Area>:thermal_percent_red

Measurement Shape | Bounding box around thermal

Measurement 1D None

Layers Displayed Power and ground (or mixed) layer

Graphic

Purpose If the drill located inside the thermal has insufficient electrical
connectivity to the surrounding plane, it may not provide the required
functionality, especially in high speed designs.

Function Reportsall incidents of thermal connectivity reduction in negative layers
where thermal pads are flashed. Measurement is expressed as a
percentage.

The overall electrical connectivity of athermal pad isthe sum of its
defined spoke widths. The actual connectivity isthe sum of actual spoke
widths. The percentage reduction is calculated according to this

[ Defined Connectivity] - [Actual Connectivity |
formula: [Actual Connectivity]

ERF Parameters

ERF Variables thermal_shrink_outer

Limitations
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Fabrication Analysis - Power and Ground Checks
Plane Spacing (Plane Spacing)

Plane Spacing (Plane Spacing)

Reports features in a positive or negative layer closer than pp_pln_spacing belonging to
different plane netsif the measurement segment touches copper only at its endpoints.

Internal ERF Name | <Area>:plane_spacing

Measurement Shape | Segment

Measurement 1D Any two features

Layers Displayed Power and ground (or mixed) layer

Graphic

Meazurement
between split
planes

Purpose When spacing between planes is compromised, shorts can occur
between different voltage levels or between power and ground, resulting
in non-functional boards.

Function Reports features in a positive or negative layer closer than
pp_pln_spacing belonging to different plane nets if the measurement
segment touches copper only at its endpoints.

If measurement segment touches copper at any point other than its
endpoints, it is not reported.

ERF Parameters pp_pln_spacing

ERF Variables max_nfp_net_size

Constraint Copper Spacing

Limitations Drawn planes close to each other can produce alarge number of
measurements. Measurements are not filtered by their proximity to each
other.
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Fabrication Analysis - Power and Ground Checks
Segmentation Lines (Plane Spacing)

Segmentation Lines (Plane Spacing)

Reports widths of actual laminate (spacing width) occupied by linesin negative layers only
(lines in negative plane layers represent spacing), less than pp_pln_spacing.

Internal ERF Name | <Area>:segmentation_lines
Measurement Shape | Line
Measurement ID Line
Layers Displayed Power and ground (or mixed) layer
Graphic
. eazurement line
- ; Mee il
1Z4 Il »
o o
L L
® ®
2 2
Function Reports widths of actual laminate (spacing width) occupied by linesin
negative layers only (lines in negative plane layers represent spacing),
less than pp_pln_spacing. Thiswidth may be larger than line width if
spacing is drawn using partially overlapping paralld lines.
M easurements are line shapes representing spacing width.
ERF Parameters pp_pln_spacing
ERF Variables min_line len
len2width ratio
Constraint Copper Spacing
Limitations The measured lines may not always represent split planes but al'so
cutouts or text.
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Fabrication Analysis - Power and Ground Checks
ERF Parameters for Power and Ground Checks

ERF Parameters for Power and Ground

Checks

Parameters set in the ERF file control the analysis.

Screen Name Parameter Description Categories
Affected

Layer pp_layer Defines layer to be affected | All categories
by the action.

Drill to Copper pp_d2c The maximum search radius | NPTH to Copper
for al drill related PTH Annular
measurements to copper. Ring

PTH to Copper
Viato Copper
PTH to Plane
Viato Plane
NPTH to Plane

Minimal Sliver pp_sliver T_he minimum aII_owabIe . Sliver
diver width. A s!lver tha; IS | short Sliver
narrower than thisvalueis
reported.

Plane Spacing pp_pln_spacing Th_e maximum _di stance for Plane Spacing
split plane spacing Segmentation
measurements. Lines

Test List pp_tests Defines the tests to be run. All categories
See“Tests Performed in
Power and Ground Checks”
on page 106.
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ERF Variables for Power and Ground Checks

ERF Variables for Power and Ground Checks

Variables set in the ERF file control the analysis.

box) of a copper net in positive power and ground
layers. Nets with limits |ess than this value are
considered NFP nets, except for one pad netswhich
are always considered NFP, regardless of size.
Spacing measurements between two NFP netsor an
NFP net and a plane net are reported to * NFP
Spacing (pos)’ . Spacing measurements between
two plane nets are reported to ‘ Plane Spacing’ .

ERF Variable Description Categories
Affected
classify _via cont_cl | Defines how PTHSs or vias containing clearances PTH Contains
r arereported. Clearance
0 - report both PTHs or viasin ‘PTH Contains Via Contains
Clearance' . (default) Clearance
1 - report PTHsin *PTH Contains Clearance’ and
viasin ‘ViaContains Clearance'.
classify via2c Defines how PTH or viato copper measurements | PTH to Copper
are reported. Viato Copper
0 - report both PTHs or viasin *PTH to Copper’.
(default)
1 - report PTHsin ‘PTH to Copper’ and viasin
‘Viato Copper’.
classify via2p Defineshow PTH or viato plane measurementsare | PTH to Plane
reported. Viato Plane
0 - report both PTHs or viasin ‘PTH to Plane’.
(default)
1 - report PTHsin ‘PTH to Plane’ and viasin ‘Via
to Plane’.
classify _via2t Defines how PTH or viato annular ring PTH Annular
measurements are reported. Ring
0 - report both PTHs or viasin ‘PTH to Annular
Ring'. (default)
1 - report PTHsin ‘PTH Annular Ring’ and viasin
‘ViaAnnular Ring'.
len2width_ratio Minimum ratio of length to width for the Segmentation
‘Segmentation Lines category. Lines
max_nfp _net size | Definesthe limits (Iength and width of abounding | Plane Spacing
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ERF Variables for Power and Ground Checks

ERF Variable Description Categories
Affected
max_reg Maximum offset considered aregistration error. If | PTH Registration

the center-to-center distance of drill and pad is NPTH
larger than this value, aregistration error is not

Registration
reported. eg N
Via Registration
min_line len Minimum line length in * Segmentation Lines Segmentation

category. Also the minimum overlap between lines | Lines
to report in parallel spacing.

pth_breakout_angle | 0 - 180 degrees PTH Annular

Defines maximum angle allowed for breakout of | RING
drill from PTH pad. To block breakout of PTH to
thermal pad set pth_breakout_angle=0.
reg_allowance A distance between pad center and drill center PTH Registration
greater than this value is considered misregistered. | \pTH
Registration
Via Registration
replace_crosshatch_ | Determines how dlivers are reported on hatched Sliver
by surface area. Short Sliver

yes - do not report slivers found on hatched area.
(default) (Gerber)

no - report slivers found on hatched area.

by attr - only report slivers bearing a hatch
atribute. (EDA)

take_npth_range Defines whether the maximal distance for NPTHs | NPTH to Copper
to copper is taken from pp_d2c or from the npth2¢. | \pTH to Plane
parameter

0 - use value of pp_d2c. (default)
1 - use value of npth2c range.

thermal_shrink_oute | The amount to shrink the diameter of the outer Spoke Width

r thermal shape without causing a spoke reduction | Thermal Connect
violation, when clearance barely intrudes upon the | raqction

outer perimeter of athermal. Thisis accomplished
by taking a shape equal to the outer shape of the
thermal, shrinking it by the value of

thermal _shrink_outer and checking the spoke
widths and thermal reduction along the outline of
this shape.
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ERF Variables for Power and Ground Checks

ERF Variable Description Categories
Affected
v_distzdliver_ratio | Minimal ratio for the distance between Sliver

measurement segment endpoints along the net and | gport gliver
the width of the dliver.

See “DFM Analysis Compatibility for Power and
Ground Checks” on page 107.

V_max_net_size Nets with morethanv_max_net_size featuresare | Sliver

ignored. Short Sliver
See “DFM Analysis Compatibility for Power and
Ground Checks’ on page 107.

v_min_sliver_len Slivers shorter than thisvalue are reported as‘ Short | Sliver
Sliver’. All others are reported in “ Sliver’. :
Maximum possible value is 100 mils. Short Sliver

See “DFM Analysis Compatibility for Power and
Ground Checks’ on page 107.

v_min_sliver_perim | Defines the minimal distance between the Sliver
measurement segment endpoints along the net. (For
adescription of perimeter, see“ Sliver and Short
Sliver Categories (Power and Ground)” on

page 107).
v_dsliver_algorithm_ | Defines which of three algorithmsis used to Sliver
mode determine dliver violations. Short Sliver

0- useoriginal algorithm whereresults are reported
to the*Sliver’ category. (slow)

1 - use improved agorithm where results are
reported to either the * Sliver’ or * Short Sliver’
category. (fast) (default)

2 - results are the same as with 1, but the processis
sower. (Remainsin the system to insure backward
compatibility.)
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ERF Variables for Power and Ground Checks

136 DFM Analyses User Guide, NPI11.0
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Chapter 5
Fabrication Analysis - Solder Mask Checks

Solder Mask Checksis aread-only check of solder mask layers for potential manufacturability
defects. Its findings are collected in categories. Solder mask layers are always assumed to be
negative; all positive features describe clearances or the absence of solder mask.

This action also checksif solder paste has been deposited on all SMD pads. See“Missing SMD
Clearance (Missing)” on page 165.

The action operates on a single solder mask layer per side (single top, single bottom) at atime.
If more than one layer is selected, the action will not analyze any layers.

This action also checks solder paste layers to detect SMDs without paste, and compares the
negative annular ring (gasket) of the SMD pad with the paste pad.

This action relates to a solder mask layer, and the drill and external copper layers associated
withit.

If there is no solder mask CAM document defined, PADS Layout creates a solder mask
document when DFMA is opened from within PADS Layout. This newly created document
includes a 10-mil oversize added to the solder mask clearance.

If there is an existing solder mask document, and it specifies the oversize, DFMA uses that
value.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Solder Mask Checks. . ... i s 138
AttributesUsed in Solder Mask Checks . ......... ..o 139
DFM Analysis Compatibility for Solder Mask Checks . ......................... 140
Sliver and Short Sliver Categories(SM) .. ..o e 140
Polarity for Solder Mask Layers . ...t e 142
Categoriesin Solder Mask Checks. .. ... 144
PTH Annular Ring (Drill). ... ..o e e e 146
NPTH Annular Ring (Drill) ... ..o e e e e 147
ViaAnnular Ring (Drill). .. ..o 148
NPTH TouchesMask (Drill) . ... e e 149
PTH Gasket (Drill) . ..o e e e 150
ViaGasket (Drill) . ..o 151
SMD Annular RING (Pads) . ... ..o ot e e e e e 152
Pad Annular Ring (Pads) . ... e 153
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Tests Performed in Solder Mask Checks

E
E

PTHPad Annular RiNg (Pads) . ... ... e 154
NPTH Pad Annular Ring (Pads). . .. ... e e 155
ViaPad Annular Ring (Pads) . . .. .. ..o e 156
SMD Pad Gasket (Pads) . . ..o e 157
PTH Pad Gasket (Pads). . . . . ..o oo e e e 158
NPTH Pad Gasket (Pads) . .. ....coo i e e e 159
ViaPad Gasket (Pads) .. ....covviii e e 160
Undrilled Pad Gasket (Pads). . . ... ..o 161
Coverage (COVEIagE) . . .. v it ittt et e 162
SM SHVEr (SIIVEN) . . ot e 163
SM Short Sliver (SHIVE) . ..o 164
Missing SMD Clearance (MiSSING) . ... .vvii i e e 165
Missing Undrilled Pad Clearance (MiSSINg). . . . ..o v v it e 166
Missing NPTH Clearance (MiSSINg). . . ..o oo vttt e et 167
Missing PTH Clearance (MISSING) . . . . oo v i et 168
Missing ViaClearance (MiSSiNg) . . . .. oo v vt e 169
Missing Testpoint Clearance (MiSSiNg) .. .. oo ettt 170
Pad to Pad Spacing (SPacing) . - « -« v v e e 171
Pad to Non-Pad Spacing (SPacCing). . « .« v v v ettt e e e e 172
Non-Pad to Non-Pad (Spacing) . ... e e 173
ExtraSM - Missing Copper (EXTra) ... ... ..o 174
RF Parametersfor Solder Mask Checks ........... ... . 175
RF Variablesfor Solder Mask Checks . ........ .. i 177

Tests Performed in Solder Mask Checks

Several solder mask checks analysis tests can be run. For each test performed, results might be
reported to the result categories available for that test. In the result category descriptionsin this
document, the test name isindicated in parentheses after the category name.

e Drill — Reports close distances to solder mask openings of PTH or NPTH annular
rings, and where NPTH touches mask.

e Pads— Reports close distances to solder mask openings of all pads, including undrilled
pads. It also reports on gaskets.

o Pad Annular Ring Categories— These categories report pad annular ring results.
Some can be used to classify the Pad Annular Ring measurement according to the
pad type: PTH Pads, NPTH Pads, Via Pads and Non-Drilled Pads. This option is
activated by setting ERF variable classify_pad ar = 1.

Annular ring categories do not report apad (or drill) completely covered by solder
mask. Zero annular ring might be reported if a solder mask clearance and a pad drill
overlap, but neither includes the other.
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Attributes Used in Solder Mask Checks

o Gasket Categories— These categories reports on measurements of gasket annular
rings. Gaskets are overlapping sections of solder mask onto board features, such as
pads. This makes the solder mask opening smaller than the pad.

The system measures this by assuming a negative annular ring, that is an annular
ring that dips into the pad rather than extends beyond it. To indicate to the system
that you want to activate the *gasket’ categories (that is, consider negative annular
rings), set the ERF variable categorize negative ar to 1 (active). When

categorize negative ar isset to O (inactive), the system globally assignsazero value
to al negative annular rings and they are reported to “Pad Annular Ring (Pads)” on
page 153.

This exampleillustrates a gasket:

Fad and SM opening
viewed from side

SM Cpening

Solder
Opening

=\F"

Measurements of gazketz are
macle from ecdae of SMopening
to edge of pad outline,

SM O Pc‘_'l'|

e Coverage— reportslinestoo closeto clearances (that is, not adequately covered).

e Sliver — Reports dlivers between solder mask clearances. See “ Sliver and Short Sliver
Categories (SM)” on page 140

e Missing — reports missing clearances.
e Spacing — reports close spaces between clearances (wider than dliver).

e Extra— reports solder mask features that do not intersect with copper.

Attributes Used in Solder Mask Checks

Attributes assigned to features in the product model control the analysis.

Feature Attributes

Table 5-1. Solder Mask Checks Feature Attributes
Attribute Description

Drill Type This attribute is attached to hole features in drill layers. It defines the
type of the drill and is used extensively during fabrication analysis.
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DFM Analysis Compatibility for Solder Mask Checks

Table 5-1. Solder Mask Checks Feature Attributes (cont.)

Attribute

Description

SMD Pad

This attribute is attached to outer layer pads which are lands for SMD
components. It is set by the * Set SMD Attribute’ Cleanup Action.

DFM Analysis Compatibility for Solder Mask

Checks

To maintain compatibility between legacy products and DFM Analysis, ERF variables used
with earlier products are mapped to the appropriate DFM Analysis ERF variables.

Earlier Products DFM Analysis
cover_check same net =0 cover_ignore_same net =1
cover_check same net=1 cover_ignore_same net =0

dist2diver ratio

v_dist2dliver_ratio

min_gliver_len

v_min_dliver_len

classify _pad ar=2

classify pad ar=1

Sliver and Short Sliver Categories (SM)

These categories deal with dlivers, narrow strips of copper between two features or between
non-adjacent sides of the same feature. It isimportant to detect slivers which could break off
during the manufacturing process and cause shorts. In detecting dlivers, length, width and
shortest perimeter length are measured.
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Fabrication Analysis - Solder Mask Checks
Sliver and Short Sliver Categories (SM)

D = zhortzst perimeter length

fremone endpoint of the

measurement segment to the
other endpoint (red line fram D1

to D2).

S = sliver width

Sliver wichth - a dizstance between two featurss or two
non-adjazent zidez of a feature lezz than the
pp_aliver action parametsr but greater than zero.

Sliver length - the dizstance for which the two features
or two non-adjacent sides run parallel. If greater than
ERF variabls v min sliwver len, reportsdto ‘Sliver
category. If lezs, reported to ‘Short Sliver’ category. If
sliver width iz greater than the lenagth, the greatest
dimenzion of gap iz uzed as the length. (See figure at
right.) Violations are reported to ‘Sliver’ sven if actual
length iz lsss than v min sliver len

IMeazurementz ars diztance ssgmentz betwesn two connected featurss

(features on the 2ame net) or two non-adjazent sides of one featurs.

—_

D1 perimester
endpaint

When Both these
conditions apply. a
gliver is reported.

2 »= w diat2sliver ratio
S

Y

LY

and

D == v min aliver perim

Applying the Sliver DFx Variables:

D2 perimster
enclpoint

v min sliver perim

D1
2 5 D D D
D2 - Sliver s S

If perimeter length iz too short,
meazsurement iz ignored.

Applying the Sliver DFx Variahles

v diat2aliver ratio

-
Perimstsr 3 iz zmall ’/ is largs
lenath iz length S el R
oDy to Do, "':l

! D

If ratio iz too 2mall,
measuremeant is ignored.

When the two features are not connected (not on the same net), v_dist2diver_ratio and
v_min_sliver_perim become irrelevant.
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Polarity for Solder Mask Layers

Sliversfound on hatched areas (a planefilled with linesinstead of solid copper, where each line
in the area has the attribute Hatch Feature) are reported only if ERF variable
replace crosshatch by surface=by_attr. (Default value = yes).

However, if the surfaceisfilled with at least fifty lines of the same width, it is accepted as a
hatched area even if the lines do not bear the Hatch Feature attribute and ERF variable
replace crosshatch by surface=no.

Polarity for Solder Mask Layers

Features on a positive layer are considered copper. Features on a negative layer are considered
clearances. Thisistrue for every layer except the solder mask layer. Though solder mask is
defined as positive, the system considersit negative and its features are considered clearances.
Therefore, the solder mask layer should be set to positive in the job matrix. If defined as
negative, it may result in incorrect results and long analysis.
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Fabrication Analysis - Solder Mask Checks

Polarity for Solder Mask Layers

Layer :
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Categories in Solder Mask Checks

Categories in Solder Mask Checks

Several solder mask checks analysis tests can be run. For each test performed, results might be
reported to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

The ERF parameter pp_layer affects all categories, and is not repeated in the category fact

sheets.

These are the result categories, with the Test in parentheses.

Table 5-2. Result Categories for Solder Mask Checks

Category

Description

PTH Annular Ring (Drill)

Reports distances less than pp_ar between PTHs and solder
mask in negative layers.

NPTH Annular Ring (Drill)

Reports distances less than pp_ar between NPTHs and solder
mask in negative layers.

ViaAnnular Ring (Drill)

Reports distances less than pp_ar between vias and solder mask
in negative layers.

NPTH Touches Mask
(Drill)

Reports NPTHs not contained in a solder mask clearance (have
non-negative annular ring of clearance) or with no clearance at
all.

PTH Gasket (Drill)

Reports all SM to PTH gaskets (negative AR) narrower than
pp_ar.

Via Gasket (Drill)

Reports all SM to via gaskets (negative AR) narrower than
pp_ar.

SMD Annular Ring (Pads)

Reports distances less than pp_ar between SMD pads with
attribute SMD Pad and solder mask.

Pad Annular Ring (Pads)

Reports non-SMD pad to solder mask distances less than pp_ar.

PTH Pad Annular Ring
(Pads)

Reports PTH pad to solder mask distances less than pp_ar.

NPTH Pad Annular Ring
(Pads)

Reports NPTH pad to solder mask distances less than pp_ar.

ViaPad Annular Ring
(Pads)

Reports via pad to solder mask distances less than pp_ar.

SMD Pad Gasket (Pads)

Reports SMD pad gaskets narrower than pp_ar.

PTH Pad Gasket (Pads)

Reports PTH pad gaskets narrower than pp_ar.

NPTH Pad Gasket (Pads)

Reports NPTH pad gaskets narrower than pp_ar.

Via Pad Gasket (Pads)

Reports via pad gaskets narrower than pp_ar.
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Categories in Solder Mask Checks

Table 5-2. Result Categories for Solder Mask Checks (cont.)

Category

Description

Undrilled Pad Gasket
(Pads)

Reports via pad gaskets narrower than pp_ar.

Coverage (Coverage)

Reports traces (or any other circuit features) closer than
pp_coverage or touching a solder mask clearance that exposes a
pad belonging to another net.

SM Sliver (Sliver)

Reports dlivers between two solder mask clearances, if silver
width isless than pp_dliver, and non-zero.

SM Short Sliver (Sliver)

Reports divers between two solder mask clearancesiif silver
width isless than pp_dliver, and non-zero.

Missing SMD Clearance
(Missing)

Reports SMD pads that neither include, nor are included, in any
solder mask clearances.

Missing Undrilled Pad
Clearance (Missing)

Reports undrilled pads that neither include, nor are included, in
any solder mask clearances.

Missing NPTH Clearance
(Missing)

Reports NPTHs that do not touch any solder mask clearances.

Missing PTH Clearance
(Missing)

Reports PTHs that do not touch any solder mask clearances.

Missing Via Clearance
(Missing)

Reports vias that do not touch any solder mask clearances.

Missing Testpoint
Clearance (Missing)

Reports testpoint pads that neither include, nor are included, in
any solder mask clearance.

Pad to Pad Spacing
(Spacing)

Reports distances between pads in solder mask layers closer
than pp_spacing.

Pad to Non-Pad Spacing
(Spacing)

Reports distances between pads and non-pads in solder mask
layers closer than pp_spacing.

Non-I_Dad to Non-Pad
(Spacing)

Reports distances between non-pad features in solder mask
layers closer than pp_spacing.

Extra SM - Missing Copper
(Extra)

Reports solder mask features which do not intersect with
copper.
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PTH Annular Ring (Drill)

PTH Annular Ring (Drill)

Reports distances less than pp_ar between PTHs and solder mask in negative layers.

Internal ERF Name | <Area>:ar_pth

Measurement Shape | Segment

Measurement ID Pad (representing the PTH)

Layers Displayed e Solder mask layer

e Drill layer

Graphic

Purpose The areain and around a plated through hole should be clear of mask,
enabling the solder wave to completely fill the hole around the
component pin.

Function Reports distances less than pp_ar between PTHs and solder mask in
negative layers. M easurements are segments corresponding to the
minimal distance between drill and clearance outline.

ERF Parameters pp_ar

ERF Variables

Constraint Plated Hole AR

Limitations

146 DFM Analyses User Guide, NPI11.0

May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Fabrication Analysis - Solder Mask Checks
NPTH Annular Ring (Drill)

NPTH Annular Ring (Drill)

Reports distances less than pp_ar between NPTHs and solder mask in negative layers.

Internal ERF Name | <Area>:ar_npth
Measurement Shape | Segment
Measurement 1D Pad (representing the NPTH)
Layers Displayed e Solder mask layer
e Drill layer
Graphic
Function Reports distances less than pp_ar between NPTHs and solder mask in
negative layers. M easurements are segments corresponding to the
minimal distance between drill and clearance outline.
NPTH drills are assumed to be drilled through a solder mask opening
and require alarge clearance.
ERF Parameters pp_ar
ERF Variables
Limitations
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Via Annular Ring (Drill)

Via Annular Ring (Drill)

Reports distances less than pp_ar between vias and solder mask in negative layers.

Internal ERF Name | <Area>.ar_via

Measurement Shape | Segment

Measurement ID Pad (representing the via)

Layers Displayed e Solder mask layer

e Drill layer

Graphic

Purpose Theareain and around avia should be clear of mask, enabling the solder
wave to completely fill the hole around the component pin.

Function Reports distances less than pp_ar between vias and solder mask in
negative layers. M easurements are segments corresponding to the
minimal distance between drill and clearance outline.

ERF Parameters pp_ar

ERF Variables

Constraint Plated Hole

Limitations
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NPTH Touches Mask (Drill)

NPTH Touches Mask (Drill)

Reports NPTHSs not contained in a solder mask clearance (have non-negative annular ring of
clearance) or with no clearance at al.

Internal ERF Name | <Area>:npth2m
Measurement Shape | Zero length segment at drill center
Measurement ID Pad (representing an NPTH)
Layers Displayed e Solder mask layer
e Drill layer
Graphic Hole
Clearance
Function Reports NPTHSs not contained in a solder mask clearance (have non-
negative annular ring of clearance) or with no clearance at all. At these
locations the NPTH touches the solder mask.
ERF Parameters
ERF Variables
Limitations
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PTH Gasket (Drill)

PTH Gasket (Drill)

Reports all SM to PTH gaskets (negative AR) narrower than pp_ar.

Internal ERF Name | <Area>:neg_ar_pth
Measurement Shape | Segment
Measurement ID Solder mask clearance; Drill
Layers Displayed e Solder mask layer
e Drill layer
Graphic
Purpose To identify PTH drillswhose SM gaskets are too narrow.
Function Reports al SM to PTH gaskets (negative AR) narrower than pp_ar.
ERF Parameters pp_ar
ERF Variables
Constraint PTH Gasket Size
Limitations
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Via Gasket (Drill)

Via Gasket (Drill)

Reports all SM to via gaskets (negative AR) narrower than pp_ar.

Internal ERF Name | <Area>:neg_ar_via

Measurement Shape | Segment

Measurement ID Solder mask clearance; Drill

Layers Displayed e Solder mask layer

e Drill layer

Graphic

Purpose To identify viadrills whose SM gaskets are too narrow.

Function Reports all SM to via gaskets (negative AR) narrower than pp_ar.

ERF Parameters pp_ar

ERF Variables

Constraint PTH Gasket Size

Limitations
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SMD Annular Ring (Pads)

SMD Annular

Ring (Pads)

Reports distances less than pp_ar between SMD pads with attribute SMD Pad and solder mask.

Internal ERF Name | <Area>:ar_smd

Measurement Shape | Segment

Measurement ID Pad (representing the SMD); Pad (for clearance)

Layers Displayed e Solder mask layer

e External copper layer

Graphic [

Purpose SMD pads must be free of mask but typically with asmaller annular ring
than plated through hole pads. Thisiswhy they have their own category.

Function Reports distances less than pp_ar between SMD pads with attribute
SMD Pad and solder mask. M easurements are segments corresponding
to the minimal distance between SMD pad and clearance outline.

ERF Parameters pp_ar

ERF Variables categorize negative ar=0

Constraint SMD Pad AR

Limitations If the clearanceis drawn, the clearance entity will be rO because no
single feature corresponds to the clearance.
Solder mask gaskets (clearance smaller than the pad) are reported as
zero annular ring. For actual “negative” annular ring values for gaskets,
categorize negative ar must be set to 1. Then gaskets are reported in
this category.
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Pad Annular Ring (Pads)

Pad Annular Ring (Pads)

Reports non-SMD pad to solder mask distances less than pp_ar.

Internal ERF Name | <Area>:.ar_pad
Measurement Shape | Segment
Measurement ID Pad (representing the SMD); Pad (for clearance)
Layers Displayed e Solder mask layer
e External copper layer
Graphic
Function Reports non-SMD pad to solder mask distances less than pp_ar.
M easurements are segments corresponding to the minimal distance
between pad and clearance outline.
ERF Parameters pp_ar
ERF Variables classify pad ar =0
Constraint SMD Pad AR
Limitations
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PTH Pad Annular Ring (Pads)

PTH Pad Annular Ring (Pads)

Reports PTH pad to solder mask distances less than pp_ar.

Internal ERF Name | <Area>.ar_pth pad

Measurement Shape | Segment
Measurement ID Two pads (one representing the pad; the other, the clearance)

Layers Displayed e Solder mask layer
e External copper layer

Graphic [

Function Reports PTH pad to solder mask distances less than pp_ar.
M easurements are segments corresponding to the minimal distance
between pad and clearance outline.

ERF Parameters pp_ar
ERF Variables classify pad ar=1
Constraint Hole Pad AR
Limitations
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NPTH Pad Annular Ring (Pads)

NPTH Pad Annular Ring (Pads)

Reports NPTH pad to solder mask distances less than pp_ar.

Internal ERF Name | <Area>:ar_npth pad
Measurement Shape | Segment
Measurement ID Two pads (one representing the pad; the other, the clearance)
Layers Displayed e Solder mask layer
e External copper layer
Graphic
-——Clearance
. ‘\_\-““F’a-:l
NFTH
Function Reports NPTH pad to solder mask distances less than pp_ar.
M easurements are segments corresponding to the minimal distance
between pad and clearance outline.
ERF Parameters pp_ar
ERF Variables classify pad ar=1
Constraint Hole Pad AR
Limitations
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Fabrication Analysis - Solder Mask Checks
Via Pad Annular Ring (Pads)

Via Pad Annular Ring (Pads)

Reports via pad to solder mask distanceslessthan pp_ar.

Internal ERF Name | <Area>:ar_via pad

Measurement Shape | Segment

Measurement ID Two pads (one representing the pad; the other, the clearance)

Layers Displayed e Solder mask layer

e External copper layer

Graphic I !

Function Reports via pad to solder mask distances less than pp_ar. Measurements
are segments corresponding to the minimal distance between pad and
clearance outline.

ERF Parameters pp_ar

ERF Variables classify pad_ar=1

Constraint Hole Pad AR

Limitations
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Fabrication Analysis - Solder Mask Checks
SMD Pad Gasket (Pads)

SMD Pad Gasket (Pads)

Reports SMD pad gaskets narrower than pp_ar.

Internal ERF Name | <Area>:neg ar_smd
Measurement Shape | Segment
Measurement ID Two pads
Layers Displayed e External copper layer
e Solder mask layers
Graphic S
SM Cpening Measurements of gaskets are
\I / miadle from edge of SM opening
to edge of SMD pad outline.
SMD Fadl = i
Substrate \-\‘-\.‘
Function Reports SMD pad gaskets narrower than pp_ar.
ERF Parameters pp_ar
ERF Variables categorize negative ar=1
Constraint Gasket Size
Limitations
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Fabrication Analysis - Solder Mask Checks
PTH Pad Gasket (Pads)

PTH Pad Gasket (Pads)

Reports PTH pad gaskets narrower than pp_ar.

Internal ERF Name | <Area>:neg_ar_pth pad

Measurement Shape | Segment

Measurement ID Two pads

Layers Displayed e External copper
e Solder mask layers

Graphic Hole
M Cpening o

\\\\' Meazurements of gazkets are

Prires ——g e
Subatrate —_

Function Reports PTH pad gaskets narrower than pp_ar.

ERF Parameters pp_ar

ERF Variables categorize negative ar=1

Constraint Gasket Size

Limitations
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Fabrication Analysis - Solder Mask Checks
NPTH Pad Gasket (Pads)

NPTH Pad Gasket (Pads)

Reports NPTH pad gaskets narrower than pp_ar.

Internal ERF Name | <Area>:neg_ar_npth pad

Measurement Shape | Segment
Measurement ID Two pads

Layers Displayed e External copper
e Solder mask layers

Graphic Hole
SM Tpening i
Meazurements of
FTHPe — Sl
Substrate —
Function Reports NPTH pad gaskets narrower than pp_ar.
ERF Parameters pp_ar
ERF Variables categorize negative ar =1
Limitations
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Fabrication Analysis - Solder Mask Checks
Via Pad Gasket (Pads)

Via Pad Gasket (Pads)

Reports via pad gaskets narrower than pp_ar.

Internal ERF Name | <Area>:neg_ar via pad

Measurement Shape | Segment
Measurement ID Two pads

Layers Displayed e External copper

e Solder mask layers

Graphic

SM Zpening
\\\‘- Meazurements of gazkets are

Via Pad macle from edas of M opening
: il - o edas of via pad outline.
Subztrate —_

Function Reports via pad gaskets narrower than pp_ar.

ERF Parameters pp_ar

ERF Variables categorize negative ar=1

Constraint Gasket Size

Limitations
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Fabrication Analysis - Solder Mask Checks
Undrilled Pad Gasket (Pads)

Undrilled Pad Gasket (Pads)

Reports via pad gaskets narrower than pp_ar.

Internal ERF Name | <Area>:neg_ar_ndrl_pad
Measurement Shape | Segment
Measurement ID Two pads
Layers Displayed e External copper
e Solder mask layers
Graphic Hole
SM Zpening o
\\\‘- Meazurements of g
Uil Pod —_ ar e fom e T e cpering
Subztrate —_
Function Reports via pad gaskets narrower than pp_ar.
ERF Parameters pp_ar
ERF Variables categorize negative ar=1
Limitations
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Fabrication Analysis - Solder Mask Checks

Coverage (Coverage)

Coverage (Coverage)

Reportstraces (or any other circuit features) closer than pp_coverage or touching a solder mask
clearance that exposes a pad belonging to another net.

Internal ERF Name | <Area>:coverage

Measurement Shape | Segment

Measurement ID Spacing; Clearance

Layers Displayed e Solder mask

e External copper layer

Graphl Cc \ ‘

Purpose Lines which pass close to a pad must be fully covered by mask to avoid
solder bridging between line and pad during the assembly process.

Function Reports traces (or any other circuit features) closer than pp_coverage or
touching a solder mask clearance that exposes a pad belonging to
another net.
Typicaly, each clearance has asignal intersecting it, atrace that touches
exposed copper. If it does not connect to an inner pad, it is considered a
violation.
Unexposed copper, too closeto a SM clearance with no exposed copper
within, is always reported in this category.

ERF Parameters pp_coverage

ERF Variables cover_dist to cu
cover_ignore_same_net
cover_ignore_intersection
cover_special_check
V_report_proximity

Constraint SM Feature Spacing

Limitations To avoid false alarms near SMD picture frame openings and drawn
areas, afilter isapplied. If the distance to the other net exposed copper is
greater than 1.5 times pp_coverage, the measurement isfiltered. This
causes coverage violations in oversized clearances to go unreported.
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Fabrication Analysis - Solder Mask Checks
SM Sliver (Sliver)

SM Sliver (Sliver)

Reports slivers between two solder mask clearances, if silver width islessthan pp_dliver, and

non-zero.

Internal ERF Name | <Area>:diver

Measurement Shape | Segment

Measurement 1D None

Layers Displayed e Solder mask layer

Graphic

Purpose Tiny solder mask dlivers can detach during processing and cause a short
or damage.

Function Both the ‘ Sliver’ and * Short Sliver’ categories report slivers between
two solder mask clearances. A violation isreported if silver width isless
than pp_sliver, and non-zero. v_dist2dliver_ratio and
v_min_sliver_perim define dlivers. See “Sliver and Short Sliver
Categories (SM)” on page 140.
v_dlivers _check_diff_net usedin‘Sliver’ (Signal Layers Checks), is
irrelevant here.

ERF Parameters pp_sliver

ERF Variables v_dliver_algorithm_mode
v_dist2dliver_ratio
v_min_sliver_perim
V_max_het_size
replace_crosshatch_by surface
v_min_sliver_len

Constraint SM Feature Spacing

Related Category SM Short Sliver (Sliver)
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Fabrication Analysis - Solder Mask Checks

SM Short Sliver (Sliver)

SM Short Sliver (Sliver)

Reports slivers between two solder mask clearancesif silver width isless than pp_dliver, and

non-zero.

Internal ERF Name | <Area>:short_dliver

Measurement Shape | Segment

Measurement 1D None

Layers Displayed e Solder mask layer

Graphic

Purpose Tiny solder mask dlivers can detach during processing and cause a short
or damage.

Function Both the ‘ Sliver’ and * Short Sliver’ categories report slivers between
two solder mask clearances. A violation isreported if silver width isless
than pp_dliver, and non-zero. v_dist2diver_ratio and
v_min_sliver_perim define divers. See “Sliver and Short Sliver
Categories (SM)” on page 140 for a detailed explanation.
v_dlivers _check_diff_net usedin‘Sliver’ (Signal Layers Checks), is
irrelevant here.

ERF Parameters pp_sliver

ERF Variables v_dliver_algorithm_mode =1
v_dist2dliver_ratio
v_min_sliver_perim
V_max_het_size
replace_crosshatch_by surface
v_min_sliver_len

Constraint SM Feature Spacing

Related Category SM Sliver (Sliver)
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Fabrication Analysis - Solder Mask Checks
Missing SMD Clearance (Missing)

Missing SMD Clearance (Missing)

Reports SMD pads that neither include, nor are included, in any solder mask clearances.

Internal ERF Name | <Area>:smd_miss

Measurement Shape | Square
Measurement ID Pad

Layers Displayed e Solder mask layer
e Matching external copper layer

Graphic I ?

Function Reports SMD pads that neither include, nor are included, in any solder
mask clearances. At such locations the SMD pad is covered by solder
mask. Measurements are squares or bounding boxes (representing SMD

pads).
ERF Parameters
ERF Variables
Limitations
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Fabrication Analysis - Solder Mask Checks
Missing Undrilled Pad Clearance (Missing)

Missing Undrilled Pad Clearance (Missing)

Reports undrilled pads that neither include, nor are included, in any solder mask clearances.

Internal ERF Name | <Area>:ndrl_miss

Measurement Shape | Square

Measurement ID Pad

Layers Displayed e Solder mask layer

e Matching external copper layer

Graphic I ?

Function Reports undrilled pads that neither include, nor are included, in any
solder mask clearances. At such locations, the undrilled pad is covered
by solder mask. Measurements are squares or bounding boxes
(representing undrilled pads).

This category isalso useful for checking the existence of solder paste for
each SMD pad in the solder paste layer.

ERF Parameters

ERF Variables

Limitations
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Fabrication Analysis - Solder Mask Checks
Missing NPTH Clearance (Missing)

Missing NPTH Clearance (Missing)

Reports NPTHs that do not touch any solder mask clearances.

Internal ERF Name | <Area>:npth_miss
Measurement Shape | Circle
Measurement ID Pad
Layers Displayed e Solder mask layer
e Matching external copper layer
Graphic
Function Reports NPTHs that do not touch any solder mask clearances. At such
locations, the NPTH is covered by solder mask. Measurements are
circles representing NPTHSs.
ERF Parameters
ERF Variables v_report_only_one side sm
Limitations If an NPTH touches a solder mask clearance even at asingle point, it is
reported as zero annular ring rather than as amissing NPTH clearance.
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Fabrication Analysis - Solder Mask Checks
Missing PTH Clearance (Missing)

Missing PTH Clearance (Missing)

Reports PTHs that do not touch any solder mask clearances.

Internal ERF Name | <Area>:pth_miss

Measurement Shape | Circle

Measurement ID Pad

Layers Displayed e Solder mask layer

e Matching drill layer

Graphic

Function Reports PTHs that do not touch any solder mask clearances. At such
locations, the PTH is covered by solder mask. Measurements are forms
representing PTHSs.

ERF Parameters

ERF Variables v_report_only one side sm

Limitations If a PTH touches a solder mask clearance even at asingle point, itis
reported as zero annular ring rather than as amissing PTH clearance.
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Fabrication Analysis - Solder Mask Checks
Missing Via Clearance (Missing)

Missing Via Clearance (Missing)

Reports vias that do not touch any solder mask clearances.

Internal ERF Name | <Area>.via miss

Measurement Shape | Circle
Measurement ID Pad

Layers Displayed e Solder mask layer
e Matching drill layer

Graphic

Function Reports vias that do not touch any solder mask clearances. At such
locations, the viais covered by solder mask.

This category is normally disabled through the default setting of
ignore_miss viato 1. The reasoning is that vias are supposed to be
covered by solder mask. For cases where vias are supposed to be
exposed, the check can be activated by setting ignore_miss via= 0.

ERF Parameters
ERF Variables v_report_only _one side sm
ignore_miss via=0
Limitations If aviatouches a solder mask clearance even at asingle point, it is
reported as zero annular ring rather than as a missing via clearance.
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Fabrication Analysis - Solder Mask Checks
Missing Testpoint Clearance (Missing)

Missing Testpoint Clearance (Missing)

Reports testpoint pads that neither include, nor are included, in any solder mask clearance.

Internal ERF Name | <Area>:tp_miss

Measurement Shape | Pad (or its bounding box)
Measurement Value | Pad size
Measurement 1D

Layers Displayed e Solder mask layer
e Matching drill layer

Graphic

@
o3

Purpose Testpoint pads require solder mask clearances so that the testing probe
comes in contact with the copper pad.

Function Reports testpoint pads that neither include, nor are included, in any
solder mask clearance.
ERF Parameters
ERF Variables full_tp_exposure
Limitations
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Fabrication Analysis - Solder Mask Checks
Pad to Pad Spacing (Spacing)

Pad to Pad Spacing (Spacing)

Reports distances between pads in solder mask layers closer than pp_spacing.

Internal ERF Name | <Area>:pad to pad

Measurement Shape | Segment

Measurement ID Two pads

Layers Displayed e Solder mask layer

Graphic

Function Reports Qistances between pads in solder mask layers closer than
pp_spacing.

ERF Parameters pp_spacing

ERF Variables

Constraint SM Feature Spacing

Limitations
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Fabrication Analysis - Solder Mask Checks
Pad to Non-Pad Spacing (Spacing)

Pad to Non-Pad Spacing (Spacing)

Reports distances between pads and non-pads in solder mask layers closer than pp_spacing.

Internal ERF Name | <Area>:pad to_non

Measurement Shape | Segment
Measurement ID Two pads

Layers Displayed e Solder mask layer

Graphic I

Function Reports distances between pads and non-pads in solder mask layers
closer than pp_spacing.

In the figure above, the distance is between a pad opening over asignal
layer pad and aline clearance over arout.

ERF Parameters pp_spacing

ERF Variables

Constraint SM Feature Spacing

Limitations
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Fabrication Analysis - Solder Mask Checks
Non-Pad to Non-Pad (Spacing)

Non-Pad to Non-Pad (Spacing)

Reports distances between non-pad features in solder mask layers closer than pp_spacing.

Internal ERF Name | <Area>:non_to_non

Measurement Shape | Segment

Measurement ID Two pads

Layers Displayed e Solder mask layer

Graphic "

P ‘7 Surfaces
Function Reports distances between non-pad features in solder mask layers closer
than pp_spacing.

ERF Parameters pp_spacing

ERF Variables

Constraint SM Feature Spacing

Limitations
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Fabrication Analysis - Solder Mask Checks
Extra SM - Missing Copper (Extra)

Extra SM - Missing Copper (Extra)

Reports solder mask features which do not intersect with copper.

Internal ERF Name | <Area>:.ext_sm_copper_miss
Measurement Shape | Solder mask pad
Measurement Value | Solder mask pad size
Measurement 1D
Layers Displayed e Solder mask layer
e Signal layer
Graphic
@
Purpose Solder mask pads which do not intersect with copper may indicate faulty
design.
Function Reports solder mask features which do not intersect with copper.
ERF Parameters
ERF Variables
Limitations
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Fabrication Analysis - Solder Mask Checks
ERF Parameters for Solder Mask Checks

ERF Parameters for Solder Mask Checks

Parameters set in the ERF file control the analysis.

Screen Name Parameter Description Categories
Affected

Layer pp_layer Defines layersto be All categories
affected by the action.

SM AR pp_ar Maximum distance from | PTH Annular Ring
annular rings to solder NPTH Annular Ring
mask. ) )

ViaAnnular Ring
PTH Gasket

Via Gasket

SMD Annular Ring
Pad Annular Ring
PTH Pad Annular
Ring

NPTH Pad Annular
Ring

ViaPad Annular
Ring

SMD Pad Gasket
PTH Pad Gasket
NPTH Pad Gasket
ViaPad Gasket
Undrilled Pad
Gasket

Spacing Min pp_spacing Defines search radiusto | Pad to Pad Spacing
use when looking for N
closely spaced features. ggggﬁ]g' on-Ped

Non-Padto Non-Pad
Spacing

SM Coverage pp_coverage Maximum distance Coverage
between circuit features
and solder mask.

Sliver Min pp_sliver T_he minimum all_owable SM Sliver
$I|ver width. A sll\_/er that SM Short Sliver
isnarrower than thisvalue
is reported.
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Fabrication Analysis - Solder Mask Checks
ERF Parameters for Solder Mask Checks

Screen Name Parameter Description Categories
Affected
Tests List pp_tests Definestheteststo berun. | All categories
See “Tests Performed in
Solder Mask Checks’ on
page 138.
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Fabrication Analysis - Solder Mask Checks
ERF Variables for Solder Mask Checks

ERF Variables for Solder Mask Checks

Variables set in the ERF file control the analysis.

ERF Variable Description Categories
Affected
categorize_negative | Determines whether SM negative annular rings | SMD Annular Ring
_ar are reported. SMD Pad Gasket
0 — Report SM negative annular rings (gaskets) | pTH pad Gasket
asr0. (default) NPTH Pad Gasket
1 — Report measurement of SM negative _
annular rings. Via Pad Gasket
Undrilled Pad
Gasket

classify _pad_ar

Determines whether SM pad annular ring
measurements are classified according to type.

0 — Report al SM pad annular ring
measurementsin ‘Pad Annular Ring’. (default)

1 — Report SM pad annular ring according to
type. (PTH, NPTH, via, undrilled)

2 — Maintains compatibility between earlier
products and DFM Analysis by mapping to 1.

See “DFM Analysis Compatibility for Solder
Mask Checks’ on page 140.

Pad Annular Ring

PTH Pad Annular
Ring

NPTH Pad Annular
Ring

ViaPad Annular
Ring

cover_dist to cu

Controls whether a measurement from non-
exposed copper isthe closest distance to the
solder mask clearance or the closest distance to
the SM clearance in the direction of the exposed
copper within it:

1 — Report distance from non-exposed copper to
SM clearance in the direction of the exposed
copper. (default)

0 — Report closest distance from non-exposed
copper to solder mask
clearance.

cover dist to cu = 0 cover diast te eu = 1
Unexpozed

I S COpper _€>\
Y-

\—‘“‘——‘ SM clearance  —— T
\\‘_\“ Copper f’/'—/—)

Clozestdistanze in

direction of copper

Closest distance to
SMclearance

Coverage
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Fabrication Analysis - Solder Mask Checks
ERF Variables for Solder Mask Checks

ERF Variable

Description

Categories
Affected

cover_ignore_inters
ection

Determines whether features intersecting SM
clearances are reported.

0 — Report features intersecting SM clearances.
(default)

1 — Do not report features intersecting SM
clearances.

If acopper feature is not entirely within an SM
clearance, the system checks for a pad partly
within and with its center inside. If found, it and
its intersecting traces are ignored.

Coverage

cover_ignore_same
_net

Determines whether copper features of the same
net within the SM clearance are ignored.

0 — Report copper features of the same net.
(default)

1 — Ignore copper features of the same net.

See “DFM Analysis Compatibility for Solder
Mask Checks’ on page 140.

Coverage

cover_special_chec
k

Determines whether a special check of nets
intersecting with a SM clearance twice are
checked in the *Coverage' category.

0 — If asignal net has a pad covered completely
by SM clearance, ignore intersections between
its features and the clearance. (default)

1 — Check for more than one intersection in
solder mask clearance where thefirst islegal (a
signal trace connected directly to the covered
pad) and report al others as aviolation.

Note: A check requires considerable processing
time.

Coverage

full_tp_exposure

Determines which types of testpoints should be
considered exposed by solder mask clearance.

0 — Does not report testpoint pads that are
included or include a solder mask clearance.
(default)

1 — Does not report testpoint pads that are fully
included in a solder mask clearance.

Missing Testpoint

Clearance
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Fabrication Analysis - Solder Mask Checks
ERF Variables for Solder Mask Checks

ERF Variable Description Categories
Affected

ignore_miss via Determines whether missing vias are reported. | Missing Via
Clearance

1 — Do not report missing vias. (default)
0 — Report missing vias.

replace_crosshatch_ | yes— Do not report slivers found on hatched SM Sliver
by surface area. (default) (Gerber) SM Short Sliver

no — Report slivers found on hatched area.

by attr — Do not report sliversfound on features
with a hatch attribute. (EDA)

v_dist2dliver_ratio | Minimal ratio for the distance between SM Sliver
measurement segment endpoints along the net SM Short Sliver
and the width of the dliver.

See “DFM Analysis Compatibility for Solder
Mask Checks’ on page 140.

V_max_net_size Netswith morethanv_max_net_sizefeaturesare | SM Sliver

ignored. SM Short Sliver
See “DFM Analysis Compatibility for Solder
Mask Checks’ on page 140.

v_min_dsliver_len Slivers shorter than this value are reported as SM Sliver
‘Short Sliver’. All othersarereported in “Sliver'. | s\ short Sliver
Maximum possible value is 100 mils.

See “DFM Analysis Compatibility for Solder
Mask Checks’ on page 140.

v_min_dliver_perim | Defines the minimal distance between the SM Sliver
measurement segment endpoints along the net. :
(For adescription of perimeter, see“SM Short SM Short Siiver
Sliver (Sliver)” on page 164).

v_report_only one | Determines how drills that do not touch a solder | Missing NPTH

side sm mask clearance are reported. Clearance
no — Report all locations that do not touch any | Missing PTH
solder mask clearances. (default) Clearance

yes — Report only those locations that do not Missing Via
touch solder mask clearances on one sideonly. | Clearance
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Fabrication Analysis - Solder Mask Checks
ERF Variables for Solder Mask Checks

ERF Variable

Description

Categories
Affected

V_report_proximity

Definesthe size of areafor reporting solder mask
coverage violations. Only one violation between
aclearance and signal layer net is reported.
(Default=20 mil; minimum value=5mil. If a
value less than the minimum is entered, 5 mil is
used.)

Example: If v_report_proximity = 10, from all
the ‘same net’ violations within a square of
10x10, only oneis reported.

Coverage

v_dliver_algorithm_
mode

Defines which of two algorithmsis used to
determine dliver violations.

0 — Use origina agorithm where results are
reported to the * Sliver’ category. (slow)

1 — Useimproved agorithm where results are
reported to either the * Sliver’ or * Short Sliver’
category. (fast) (default)

2 — Results are the same as with 1, but the
processis slower. (Remainsin the system to
insure backward compatibility.)

SM Sliver

SM Short Sliver
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Chapter 6
Fabrication Analysis - Silk Screen Checks

The Silk Screen Checks action is aread-only action intended to find potential manufacturing
defectsin silk screen layers, and generate statistics.

The check operates only on silk screen layers because it relies on the job matrix to find the
related external copper, solder mask and drill layers against which to check. It uses the
associated solder mask, external copper and drill layersto test against.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Silk Screen Checks. . ... 181
AttributesUsed in Silk Screen Checks . ... i 182
Grouping of Silk Screen ResUItS. . ... ...t 182
Limitationsin Silk Screen Checks . .. ... 183
Categoriesin Silk Screen Checks. ... ... i 184
SM Clearance (SM ClearanCe) . . . ... oo v ittt et et 185
SMD Clearance (SMD ClearanCe) . . . ... ..o vttt 186
PTH Pads Clearance (Pad ClearanCe). . . . .. .. oot 187
ViaPadsClearance (Pad ClearanCe). . .. .. ..ot e e 188
NPTH Pads Clearance (Pad Clearance) ... ..., 189
Undrilled Pads Clearance (Pad Clearance) . . .. ... e 190
NPTH Clearance (Hole ClearanCe). . .. .. ...t e e 191
PTH Clearance (Hole Clearance) . . ... ... e 192
ViaClearance (Hole ClearanCe) . . .. ..ot e e et 193
LineWidths (LineWidth). . ... . e 194
String Line Width (String Properties). . . . ... 195
ERF Parametersfor Silk ScreenChecks. ................ ... oo ool 196
ERF Variablesfor Silk Screen Checks . ... . i 197

Tests Performed in Silk Screen Checks

Several silk screen checks analysis tests can be run. For each test performed, results might be
reported to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

SM Clear ance — reports close distances between silk screen features and solder mask
clearances.

SMD Clearance — reports close distances between silk screen features and SMD pads.
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Fabrication Analysis - Silk Screen Checks
Attributes Used in Silk Screen Checks

Pad Clearance — reports close distances between silk screen features and pads.

Hole Clear ance — reports close distances between silk screen features and drills.

Line Width — reports line width violations and length to width ratio violations.

String Properties — reports the height, width and rotation of text on the silk screen.

Attributes Used in Silk Screen Checks

Attributes assigned to features in the product model control the analysis.

Feature Attributes

Table 6-1. Silk Screen Checks Feature Attributes

Name Description

Copper Feature Copper features bearing this attribute are ignored in analysis actions.

Ignore (Presently implemented only for Rout Test.)

Drill Type This attribute is attached to hole featuresin drill layers. It defines the
type of drill and isused extensively during fabrication analysis.

SMD Pad This attribute should be attached to outer layer pads which are lands for
SMD components. It is set by the * Set SMD Attribute’ Cleanup Action.

Copper Balancing | Thisattribute is attached to features which are added during a pattern fill
operation, either manually or through the Copper Balance DFM action.

String Angle For text features, the value of this attribute is the original (in the input
file) rotation angle of the text string of which this featureis a part. This
attribute is assigned to trand ated jobs of formats. Cadence Allegro BRD
or APD, Mentor Graphics Board Station, Mentor Graphics PADS.

Copper Text This attribute defines a feature as a nomenclature legend. It affects the
fabrication analysis by directing spacing checks between such features
into anew category (Text to Text).

Grouping of Silk Screen Results

Silk screen features are composed of a number of other features (lines and arcs). M easurements,
by default, are reported for each and every one of the features within the distance specified by
ERF parameter pp_spacing. This can result in many unnecessary measurements, depending
upon what an operator is checking. The ERF variable v_results_grouping allows grouping silk
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screen features. Only one measurement from each close string (dependent upon attribute String
Vaue) or from the closest string only can be reported. The differences are illustrated below:

v results grouping=0 v results groupimg=1 v results grouping=2
All measzurements are One measurement is Cnly the clozest zilk screen
reparted from each reported from each =silk feature, clozer than
zegment of a zilk zereen soreen string clozer than PP_spacing, iz reported.
feature clozer than Fr Spacing. Maote: If the non-zilk screen
Fp spacing. feature (zrel, 2m, drill, ete)

i larger than 200 mil,
mode 1 is uzed.

Limitations in Silk Screen Checks

Silk Screen Analysis, run on a single-sided board, with silk screening on the bottom bare
laminate, will exit without checking.
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Categories in Silk Screen Checks

Categories in Silk Screen Checks

Several silk screen checks analysis tests can be run. For each test performed, results might be
reported to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

Table 6-2. Result Categories for Silk Screen Checks

Category Description

SM Clearance (SM Reports distances less than pp_spacing between silk screen
Clearance) features and solder mask clearances.

SMD Clearance (SMD Reports distances less than pp_spacing between silk screen
Clearance) features and SMD pads.

PTH Pads Clearance (Pad | Reports distances |ess than pp_spacing between silk screen
Clearance) features and PTH pads.

Via Pads Clearance (Pad Reports distances less than pp_spacing between silk screen
Clearance) features and PTH pads.

NPTH Pads Clearance (Pad | Reports distances less than pp_spacing between silk screen
Clearance) features and NPTH pads.

Undrilled Pads Clearance | Reports distances less than pp_spacing between silk screen
(Pad Clearance) features and undrilled pads (possibly fiducials or testpoints).

NPTH Clearance (Hole Reports distances|lessthan pp_spacing between NPTHsand silk
Clearance) screen features.

PTH Clearance (Hole Reports distances less than pp_spacing between PTHs and silk
Clearance) screen features.

ViaClearance (Hole Reports distances less than pp_spacing between vias and silk
Clearance) screen features.

Line Widths (Line Width) | Reports width of linesin silk screen layers.

String Line Width (String | Reports the width and length of string linesin the silk screen
Properties) layers.
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SM Clearance (SM Clearance)

SM Clearance (SM Clearance)

Reports distances |ess than pp_spacing between silk screen features and solder mask clearances.

Internal ERF Name | <Area>:ss2sm

Measurement Shape | Segment

Measurement ID Any SM feature

Layers Displayed Silk screen layer
Solder mask layer of the same side (top or bottom)

Graphic - With v_report include =m as mero=0
L IL ercantin features are eporte
-—

C

Purpose Silk screen should only be printed on masked areas and not inside
clearance areas. Due to the inaccuracy of the silk screen process, a
certain safety distance should be retained.

Function Reports distances less than pp_spacing between silk screen features and
solder mask clearances.

ERF Parameters pp_layer
pp_spacing

ERF Variables v_report_include_sm_as zero
v_results_grouping
v_report_only_string_feature

Limitations
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SMD Clearance (SMD Clearance)

SMD Clearance (SMD Clearance)

Reports distances less than pp_spacing between silk screen features and SMD pads.

Internal ERF Name | <Area>:ss2pad smd

Measurement Shape | Segment

Measurement ID Silk screen feature; SMD pad of the matching external layer

Layers Displayed Silk screen layer
Matching external copper layer

Graphic

Purpose Silk screen should never be applied on pads since this adversely affects
the soldering process.

Function Reports distances less than pp_spacing between silk screen features and
SMD pads.
If an SMD pad is reported here, it isnot reported in *Undrilled Pads
Clearance'.

ERF Parameters pp_layer
pp_spacing

ERF Variables v_results_grouping
v_report_only_string_feature

Constraint SMD Spacing

Limitations

186 DFM Analyses User Guide, NPI11.0

May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.




Fabrication Analysis - Silk Screen Checks
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PTH Pads Clearance (Pad Clearance)
Reports distances less than pp_spacing between silk screen features and PTH pads.

Internal ERF Name | <Area>:ss2pad_pth
Measurement Shape | Segment
Measurement ID Silk screen feature; Pad
Layers Displayed Silk screen layer
Matching external copper layer
Graphic :l ‘
Purpose Silk screen should never be applied on pads since this adversely affects
the soldering process.
Function Reports distances less than pp_spacing between silk screen features and
PTH pads.
ERF Parameters pp_layer
pp_spacing
ERF Variables V_results grouping
v_hole _clearance_consider_sm
v_report_only_string_feature
Constraint PTH Spacing
Limitations
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Via Pads Clearance (Pad Clearance)

Via Pads Clearance (Pad Clearance)
Reports distances less than pp_spacing between silk screen features and PTH pads.

Internal ERF Name | <Area>:ss2pad via

Measurement Shape | Segment

Measurement ID Silk screen feature; Pad

Layers Displayed Silk screen layer
Matching external copper layer

Graphic bl i

Purpose Silk screen should never be applied on pads since this adversely affects
the soldering process.

Function Reports distances less than pp_spacing between silk screen features and
via pads.

ERF Parameters pp_layer
pp_spacing

ERF Variables V_results_grouping
v_hole clearance consider_sm
v_report_only_string_feature

Constraint Via Spacing

Limitations
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NPTH Pads Clearance (Pad Clearance)

Reports distances less than pp_spacing between silk screen features and NPTH pads.

Internal ERF Name | <Area>:ss2pad_npth

Measurement Shape | Segment

Measurement ID Silk screen feature; Pad

Layers Displayed Silk screen layer
Matching external copper layer

Graphic

Purpose Silk screen should never be applied on pads since this adversely affects
the soldering process.

Function Reports distances | ess than pp_spacing between silk screen features and
NPTH pads.

ERF Parameters pp_layer
pp_spacing

ERF Variables v_results_grouping
v_hole clearance consider_sm
v_report_only_string_feature

Constraint NPTH Spacing

Limitations
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Undrilled Pads Clearance (Pad Clearance)

Reports distances less than pp_spacing between silk screen features and undrilled pads
(possibly fiducials or testpoints).

Internal ERF Name | <Area>:ss2pad_undrl

Measurement Shape | Segment

Measurement ID Silk screen feature; Pad

Layers Displayed Silk screen layer
Matching external copper layer

Graphic 7

Function Reports distances |ess than pp_spacing between silk screen features and
undrilled pads (possibly fiducias or testpoints).
Note: If an SMD pad isreported in *SMD Clearance', it is not reported
here.

ERF Parameters pp_layer
pp_spacing

ERF Variables V_results grouping
v_hole _clearance _consider_sm
v_report_only_string_feature

Constraint SMD Spacing

Limitations
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NPTH Clearance (Hole Clearance)

Reports distances less than pp_spacing between NPTHs and silk screen features.

Internal ERF Name | <Area>:ss2npth

Measurement Shape | Segment

Measurement ID Silk screen feature; Pad

Layers Displayed Silk screen layer
Matching drill layer
Solder Mask layer

Graphic

Purpose Silk screen should never be applied on holes since it will be unreadable
and adversely affects the assembly process.

Function Reports distances less than pp_spacing between NPTHs and silk screen
features.

ERF Parameters pp_layer
pp_spacing

ERF Variables V_results_grouping
v_hole clearance consider_sm
v_report_only_string_feature

Constraint NPTH Spacing

Limitations
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PTH Clearance (Hole Clearance)

Reports distances less than pp_spacing between PTHs and silk screen features.

Internal ERF Name | <Area>:ss2pth

Measurement Shape | Segment

Measurement ID Silk screen feature; Drill

Layers Displayed Silk screen layer
Matching drill layer
Solder Mask layer

Graphic

Purpose Silk screen should never be applied on holes since it will be unreadable
and adversely affects the assembly process.

Function Reports distances less than pp_spacing between PTHs and silk screen
features.

ERF Parameters pp_layer
pp_spacing

ERF Variables v_results_grouping
v_hole_clearance_consider_sm
v_report_only_string_feature

Constraint PTH Spacing

Limitations
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Via Clearance (Hole Clearance)

Reports distances less than pp_spacing between vias and silk screen features.

Internal ERF Name | <Area>:ss2via
Measurement Shape | Segment
Measurement ID Silk screen feature; Drill
Layers Displayed Silk screen layer
Matching drill layer
Graphic
Purpose Silk screen should never be applied on holes since it will be unreadable
and adversely affects the assembly process.
Function Reports distances less than pp_spacing between vias and silk screen
features.
ERF Parameters pp_layer
pp_spacing
ERF Variables v_results_grouping
v_hole_clearance_consider_sm
v_report_only_string_feature
Constraint Via Spacing
Limitations
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Line Widths (Line Width)

Line Widths (Line Width)

Reports width of linesin silk screen layers.

Internal ERF Name | <Area>:ss line

Measurement Shape | Line

Measurement ID Silk screen feature

Layers Displayed Silk screen layer

Graphic |

Purpose To report line widths matching specifications.

Function Reports width of linesin silk screen layers. If alineisdrawn
(represented by two touching lines running along each other), the
compound width of the drawn line is reported. Lines with the attributes
Copper Balancing and Copper Text are not reported.

ERF Parameters pp_layer
pp_spacing

ERF Variables min_line len
max_line width
len2width_ratio
v_one_width_report_per_letter

Constraint Line Width

Limitations
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String Line Width (String Properties)

String Line Width (String Properties)

Reports the width and length of string linesin the silk screen layers.

Internal ERF Name | <Area>:str_line width

Measurement Shape | Line

Measurement Value | Linewidth; Line length

Measurement ID Silk screen feature; String value

Layers Displayed Silk screen layer

Graphic

Purpose The information given by the silk screen text is used for assembling the
board. If thisinformation is not clear, it could cause mistakes.

Function Reports the width and length of string linesin the silk screen layers.
Lines with attribute Copper Balancing or lacking attribute String Value
or Copper Text are not reported.

ERF Parameters pp_layer

ERF Variables

Constraint Line Width

Limitations
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ERF Parameters for Silk Screen Checks

Parameters set in the ERF file control the analysis.

Screen Name Parameter Description Categories
Affected

Layer pp_layer Defines layer to be affected | All categories
by the action.

Spacing pp_spacing Defines search radiusto use | All categories
when looking for closely
spaced features.

Test List pp_tests Defines the tests to be run. All categories
See “ Tests Performed in Silk
Screen Checks’ on page 181.
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ERF Variables for Silk Screen Checks

Variables set in the ERF file control the analysis.

ERF Variable Description Categories
Affected
len2width_ratio Minimum ratio of length to width for the ‘Line Line Widths
Widths' category.
max_line width Maximum line width of linesin the‘Line Widths | Line Widths
category
min_line len Minimum line length of linesin the ‘Line Widths | Line Widths

category, also minimum overlap between lines to
report in parallel spacing

v_hole clearance _c | Determines whether to report only drillswithin SM | PTH Pad

onsider_sm clearances too close to silk screen features or all Clearance
drills, even those without SM clearances. Via Pad
yes — Report spacing violations only if SM Clearance
clearance is present. (default) NPTH Pad
no — Report all spacing violations. Clearance
Undrilled Pad
Clearance

NPTH Clearance
PTH Clearance
ViaClearance

v_one width_report | Determines how linewidth of silk screen featuresis | Line Widths
_per_letter reported.

no — Report line width for each individual feature

yes — Report the line width of one feature of a
group of connected features (asin aletter or

number)
v_report_include_s | Determines whether to report silk screen features | SM Clearance
m_as_zero completely covered or included in solder mask

features.

0 — (default) Do not report silk screen features
completely covered or included in solder mask
features.

1 — Report such features as a segment of zero
length.
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features and other features.

2 — Silk screen results are grouped and the
measurement between the group and another
feature is the shortest measurement possible.

If the non-silk screen feature (smd, sm, drill, etc.) is
larger than 200 mil, mode 1 is used.

See " Grouping of Silk Screen Results” on page 182
for an illustration.

ERF Variable Description Categories
Affected
v_report_only_strin | Determines which silk screen features are reported. | SM Clearance
g_feature no — Reports all silk screen features. (default) SMD Clearance
yes — Reports only silk screen features with the All Pad
attribute String Value. Clearance
categories
All Hole
Clearance
categories
v_results _grouping | Determines how silk screen results are reported. SM Clearance
0 — (default) no grouping of silk screenresultsis | SMD Clearance
performed and each measurement between asilk | A} pag
screen feature and another feature is reported Clearance
individually. categories
1— Silk screen results are grouped according tothe | A || Hole
same String Value attribute, and only one Clearance
measurement is reported between the grouped categories
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Chapter 7
Fabrication Analysis - Board-Drill Checks

Board-Drill isaread-only action intended to find potential manufacturability defectsin drill and
compensated rout layers. It generates measurements between drills and compensated rout paths
piercing the same circuit layer. Measurements are taken between drills, from drills to rout
features, but not between rout features. The Board-Drill action extends the functions available
in the Drill Checks action.

The system uses a dynamic algorithm that adapts to user-selection and provides maximum
performance. It assumes that all features on arout layer are rout features, even though some
features may have non-rout attributes. However, with drill layers, measurements are performed
in accordance with assigned feature attributes.

The rout paths used in this section are compensated. Measurements are made from edge of hole
to edge of compensated rout feature. M easurement are made between drills and routs that pierce
the same circuit layer.

Meazurementz are made from edge
of hole to edge of compenzated rout.

O]

Meazurements are made froma
drill to ancther drill {or from a drill
to acompensated rout) where
both pigrce the zame circuit layer.

This section provides a description of each of the pairs of feature measurements in the Board-
Drill-Check action screen. The sequence of the listing starts with Row #1 and ends in Row #3,
with the measurement made between a feature selected in the left-hand column (First EI.) and a
feature in the right-hand column (Second Element).

When measurements are made between drill features, they can be made between features on the
same layer (when Single is activated) or on different layers (when Cross is activated). When
measurements are made between drill features and rout features they are, of necessity, made on
different layers (drill and rout).

In all categories, the maximum distance reported is the highest value in the green range of the
relevant category. If, for example, red = 4, yellow = 8, and green = 12, the maximum in this
rangeis 12. This meansthat vias that are further apart than 12 milswill not be reported.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.
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AttributesUsed in Board-Drill Checks . . ... 200
Categoriesin Board-Drill Checks ....... ... 201
Va0 VA . . o 202
VA0 PTH . e e e e e 203
VA0 NPT H . . e e e e e e e e e e e e 204
VIAatO ROUL . . .o 205
PTH 10 PTH . ..o e e 206
PTH tO NPT H . . oo e e 207
PTH IO ROUL . . ..o e e e e e e e e e e e e e 208
NPTH toO NPTH . ... e i 209
NPTH IO ROUL. . . . .o e e e s s 210
ERF Parametersfor Silk ScreenChecks. ................ ... oo ool 211
ERF Variablesfor Silk Screen Checks . ... e 213
Attributes Used in Board-Drill Checks
Attributes assigned to features in the product model control the analysis.
Feature Attributes
Table 7-1. Board-Drill Checks Feature Attributes
Name Description
Drill Type This attribute is attached to hole featuresin drill layers. It defines the
type of drill and is used extensively during fabrication analysis.
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Categories in Board-Drill Checks

Several board drill checks analysis tests are run. For each test performed, results might be
reported to the result categories available for that test.

Table 7-2. Result Categories for Board Drill Checks

Category Description

Viato Via Reports distances between the edges of two vias.

Viato PTH Reports distances between the edges of vias and PTHSs.

Viato NPTH Reports distances between the edges of vias and NPTHs.

Viato Rout Reports distances between the edges of vias and compensated
rout features.

PTH to PTH Reports distances between the edges of PTHS.

PTH to NPTH Reports distances between the edges of PTHs and NPTHSs.

PTH to Rout Reports distances between the edges of PTHs and compensated
rout features.

NPTH to NPTH Reports distances between the edges of NPTHs

NPTH to Rout Reports distances between the edges of NPTHs and
compensated rout features.
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Viato Via

Via to Via

Reports distances between the edges of two vias.

Analysis Category <Area>:VIA2VIA

Measurement Shape | Distance between vias

Measurement ID Pads (representing avia)

Layers Displayed The drill layers on which the elements are located

Graphic

Function Reports distances between the edges of two vias, if less than the upper
limit of the VIA2VIA green severity range.

ERF Parameters pp_1 element =Via
pp_2_element = Via

Limitations
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Viato PTH
Viato PTH
Reports distances between the edges of vias and PTHSs.
Analysis Category <Area>:VIA2PTH
Measurement Shape | Distance between viaand PTH
Measurement ID Pads (representing aviaand PTH)
Layers Displayed The drill layers on which the elements are located
Graphic
Function Reports distances between the edges of vias and PTHS, if less than the
upper limit of the VIA2PTH green severity range.
ERF Parameters pp_1 element =Via
pp_2 element = PTH
Limitations
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Viato NPTH

Via to NPTH

Reports distances between the edges of vias and NPTHs,

Analysis Category <Area>:VIA2NPTH

Measurement Shape | Distance between viaand NPTH

Measurement 1D Pads (representing aviaand NPTH)

Layers Displayed The drill layers on which the elements are located

Graphic

® o

Function Reports distances between the edges of vias and NPTHS, if less than the
upper limit of the VIA2NPTH green severity range.

ERF Parameters pp_1 element =Via
pp_2 element = NPTH

ERF Variables

Limitations
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Via to Rout
Via to Rout
Reports distances between the edges of vias and compensated rout features.
Analysis Category <Area>:VIA2ROUT
Measurement Shape | Distance between via and rout
Measurement ID Pads (representing a via and compensated rout feature)
Layers Displayed The drill and rout layers on which the elements are located
Graphic
Function Reports distances between the edges of vias and compensated rout
features, if less than the upper limit of the VIA2ROUT green severity
range.
ERF Parameters pp_1 element =Via
pp_2 element = Rout
Limitations
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PTH to PTH

PTH to PTH

Reports distances between the edges of PTHS.

Analysis Category <Area>:PTH2PTH

Measurement Shape | Distance from PTH to PTH
Measurement ID Pad (representing a PTH)

Layers Displayed The drill layers on which the elements are located

Graphic . .

Function Reports distances between the edges of PTHs, if less than the upper limit
of the PTH2PTH green severity range.
ERF Parameters pp_3_element = PTH
pp_4 element = PTH
Limitations
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PTH to NPTH
PTH to NPTH
Reports distances between the edges of PTHs and NPTHS.
Analysis Category <Area>:PTH2NPTH
Measurement Shape | Distance from PTH to NPTH
Measurement ID Pads (representing a PTH and an NPTH)
Layers Displayed The drill layers on which the elements are located
Graphic -
Function Reports distances between the edges of PTHs and NPTHS, if less than
the upper limit of the PTH2NPTH green severity range.
ERF Parameters pp_3 element = PTH
pp_4 element = NPTH
Limitations
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PTH to Rout

PTH to Rout

Reports distances between the edges of PTHs and compensated rout features.

Analysis Category <Area>:PTH2ROUT

Measurement Shape | Distance from PTH to rout

Measurement ID Pads (representing an NPTH and a compensated rout feature)

Layers Displayed The drill and rout layers on which the elements are located

Graphic

Function Reports distances between the edges of PTHs and compensated rout
features, if less than the upper limit of the PTH2ROUT green severity
range.

ERF Parameters pp_3 _element = PTH
pp_4 element = Rout

ERF Variables

Limitations
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NPTH to NPTH

NPTH to NPTH

Reports distances between the edges of NPTHs

Analysis Category <Area>:NPTH2NPTH

Measurement Shape | Distance between NPTHs
Measurement ID Pad (representing an NPTH)

Layers Displayed The drill layers on which the elements are located

Graphic . .

Function Reports distances between the edges of NPTHS, if less than the upper
limit of the NPTH2NPTH green severity range.
ERF Parameters pp_5 element = NPTH
pp_6_element = NPTH
ERF Variables
Limitations
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NPTH to Rout

NPTH to Rout

Reports distances between the edges of NPTHs and compensated rout features.

Analysis Category <Area>:NPTH2ROUT

Measurement Shape | Distance between NPTH and rout

Measurement ID Pads (representing an NPTH and arout feature)

Layers Displayed The drill and rout layers on which the elements are located.

Graphic

Function Reports distances between the edges of NPTHs and compensated rout
features, if less than the upper limit of the NPTH2ROUT green severity
range.

ERF Parameters pp_5 element = NPTH
pp_6_element = Rout

ERF Variables

Limitations
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ERF Parameters for Silk Screen Checks

Parameters set in the ERF file control the analysis.

Screen Name Parameter Description Categories
Affected
Operation Modes pp_operation_mode | Single — Filtersreport by All categories
S drills of same layer only.

Cross — Filters report by
drills of different layersonly.

(Both can be set.)

Check pp_layers al Board — The options All categories
selected in Operation Modes
(Single or Cross or both) are
applied to the entire board.

Affected — The options
selected in Operation Modes
(Single or Cross or both) are
applied to the layers of

pp_input_layersonly.
Layer pp_input_layer Thelayer onwhichtorunthe | All categories

check. Ignored when
pp_layer_al=Board.

First El Type: Via | pp_1_element Controlswhet_her a Viato Via
measurement is made froma | \/i5 to PTH
via. (yes or no) _
Viato NPTH

Viato Rout
First El Type: PTH | pp_3_element Controls whether a PTH to PTH

measurement is made from a
PTH to NPTH
plated thru-hole. (yes or no)

PTH to Rout
First El Type: pp_5 element Controls whether a NPTH to NPTH
NPTH measurement is made from a
non-plated thru-hole. (yes or NPTH to Rout
no) NPTH to Rout_%
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Screen Name Parameter Description Categories
Affected

Second Element pp_2 element If pp_1 elementisselected, | ViatoVia
Type one or more entities_to which Viato PTH
(for First-El Type= to measure from avia: Viato NPTH
Via) e Via .

e PTH Viato Rout

e NPTH

e Rout
Second Element pp_4 element If pp_3 _element isselected, | PTH to PTH
Type one or more entitiesto which PTH to NPTH

- _ to measure from a plated

(for First-El.-Type= thru-hole: P PTH to Rout
PTH)

e PTH

e NPTH

¢ Rout
Second Element pp_6_element If pp_ 5 elementisselected, | NPTH to NPTH
Type one or more entitiesto which NPTH to Rout

(for First-El.-Type=
NPTH)

to measure from a non-plated
thru-hole:

e NPTH
¢ Rout
e Rout %

NPTH to Rout_%
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ERF Variables for Silk Screen Checks

There are no variables set in the ERF files for this analysis.
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ERF Variables for Silk Screen Checks
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Chapter 8
Assembly Analysis - Component Analysis

The Component Analysisisaread-only action intended to check component placement relative
to other components or to drill and rout features. It operates on the top or bottom layers, and
refers to the corresponding component layer.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Component Analysis . ...t 215
AttributesUsed in Component ANalySiS. .. ..ottt e 215
Component OULIINE . .. ... . e e 216
DYNamIiC CategOriES. . . oottt 218
Classification by ProCESS Ar€a. . . ..ot e e 219
Classification by Component Type. . . .. ..ottt e e 220
Example of User-Defined Component Type Classification........................ 220
Classifying Results by a User Defined Component Attribute .. .................... 221
Classification by Component Side . .. ...t e e e 222
Categoriesin Component AnalysisS .. ...t 223
Comp. Under Component (SPacing) .« ... vvvvvi ettt e 224
Comp. OVerlap (SPaCiNg) . . . . oot 225
ERF Parametersfor Component Analysis .. ... 226
ERF Variablesfor Component Analysis. . ... 227

Tests Performed in Component Analysis

Several component analysis tests can be run. For each test performed, results might be reported
to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

Summary — Reports the pitch, height and rotation of all components on the board.

Attributes Used in Component Analysis

Attributes assigned to components in the product model control the analysis.
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Assembly Analysis - Component Analysis

Component Outline

Component Attributes

Table 8-1. Component Analysis Component Attributes

Name

Description

Ignore Graphically/Output

Components with this attribute are ignored in analyses.

Component Outline

In measuring distances between features and components, the component outline can be defined
in several ways. as component body (ignoring pins), as component body and pins, or as
component body and the external toeprints in a corresponding outer layer (the copper layer on

the components side).

Infiducial analysis, component analysis, and testpoint analysis, where spacing to componentsis
measured, ERF parameter Component Outline (pp_comp_outline) defines the component
outline as either Body, Envelope or T-envelope.

[0
(000

Diagram Component Explanation c2c M easurement
Outline Example
Body Measures the distance between
— 1 - afeature and component body
= body = (regardless of pinsor toeprints).
 — —
I
Envelope M easures the distance between
00 afeature and an “envelope’ (a

shrink-fit polygon) surrounding
the component and its pins.
(Default)
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Component Outline

3

afeature and an envelope
surrounding the component and
its toeprints in an outer layer.

Diagram Component Explanation c2c M easurement
Outline Example
T-Envelope M easures the distance between

By choosing either Envelope or T-envelope in the Controls dialog box, adotted line will appear
around the external pins or toeprints of a component, making envelope measurement more
obvious. Thisisthe recommended method for viewing spacing measurements in envelope and

T-envelope mode.

c2c Measurement
Component Outline zetto Envelope in the
Controls popup cauzes a dotted line to appear '._

araund the pinin the figure at the right.

i vl cl56

LAl

Configuration parameter edt_t_envelope_mode can be used to control the T-envelope when the

solder mask is smaller than the pad.
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Dynamic Categories

Some categories are divided into multiple classifications according to the process areain which
the measurement is applied, or the type of component involved in the measurement, or the
component side used in the measurement.

For example, the Comp. Spacing category (c2c) appears as several sub-classifications:

smt:c2c;soic_sot_nn — This category includes measurementsthat arein the SMT process area,
between the narrow side of soic components (the first ‘'n’) and the narrow side of sot
components (the second ‘n’).

fs smt:c2c;tsop_tsop_wn — This category includes measurements that are in the overlap area
between FS and SMT process areas (or that start in one and end in the other), between the wide
side of atsop component and the narrow side of another tsop component.

In the documentation, this sort of classification isindicated by entries such asthis:
Full internal name: <Area>:c2c;<PkgTypeA> <PkgTypeB> <CompSide><CompSide>

e <Area> — The process area name.

e <PkgType> — Thetypes of components involved. See “Classification by Component
Type’ on page 220.

o <CompSide><CompSide> — The sides of the components that the measurement
touches: w or n. If only one component isinvolved, there will be only one <CompSide>
(if, for example, the other feature measured is arout feature, where specifying its narrow
or wide sideisirrelevant). See“ Classification by Component Side” on page 222.

A single wildcard asterisk (*) can be used alone in ERF models to represent the <Area>, the
<PkgType>, or the <CompSide><CompSide> fields, to indicate that all measurements areto be
classified by thisentry. A wildcard character along with other characters to form a string is not
allowed.

e Thisusage of wildcardsislegal: *:c2c;tsop_tsop *

It indicates component spacing in all process areas, between two tsop components
regardless of the side involved.

e Thisusage of wildcardsis NOT legal: *:c2c;*conn_tsop *

Thisis not allowed because the string *connis anillegal use of the single wildcard
character rule.

Ranges can use exact name specification or wildcards. The wildcard character asterisk (*) is
used to indicate all measurementsin areas of not otherwise defined ranges.
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e SMT:c2c;1210_soj _nn=50, 50, 50.1 — This category reports measurements in the
SMT area, between the narrow side of one component and the narrow side of the other.

e *:c2¢;1210 _soj *=50, 50, 50.1 — This category reports measurements in all process
areas, between two components, regardless of the side involved.

Ranges with two entity types must be ordered a phabetically.

e Correct — *:c2c;axial_sot_*
e Incorrect — *:c2c;sot_axial _*

Range order in the ERF affects the order of matching.

e Thisorder yields exact results, because results of process area SMT between 1210 and
soj are reported to the first category, and the second category reports results that do not
fall into the first category, but are measured between the narrow sides of 1210 and any
other type of component.

SMT:c2c;1210_ soj nn=50,50,50.1
*:c2c;1210_* nn=100,100,100.1

e Thisorder resultsin no results being reported to the second category, because the more
genera category will already have reported those results.

*:c2c;1210_* nn=100,100,100.1
SMT:c2c;1210 soj nn=50,50,50.1

Classification Dy ProCeSSAIEa . . ...t tieeeeeeeeeeeeea 219
Classification by Component TYPe . . ..ottt e 220
Example of User-Defined Component Type Classification . ...................... 220
Classifying Results by a User Defined Component Attribute..................... 221
Classification by Component Side .. ... 222

Classification by Process Area

A process area indicates the manufacturing process used for assembly of componentsin a
particular area. Process areas can be created for every component of a specific type or mount
type, or having a specific attribute, or found within a specific area of a DFx layer.

The process area name is derived from a special layer, whose nameisfound in the ERF variable
process map_layer top or process map_layer bot. Thislayer includes the shapes of process
areas, with the attribute DFx Area Name containing the name.

Sometimes an area name is composed of a number of process area names. If the combination is
longer than allowed by a specific action—typically 64 characters—the combination is replaced
by the system-defined name multiple _areas. If the ERF model does not contain arange for a
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dynamic category likethis, al results are reported in blue severity. To see the results, set
configuration parameter chk_ignore_blue_sev = no.

Classification by Component Type

There are two built-in component classification attributes: Type 2 and Type 1. Alternatively,
yOu can create a user attribute named comp_type to contain the component classification, or you
can use any other attribute and point to this attribute in the ERF variable v_sub_cat_default.

An algorithm isfollowed to decide which attribute contains the component type:

e Vv _sub_cat_default — This ERF variable can be assigned strings that are identical to
any component attribute name. It isused in all Assembly Analysis actions.If left empty
(default), the system searches for the user attribute _comp_type.

e comp_type— If thisuser attribute is not defined, the system searches for at least one
component in the product model with attribute Type 2.

e Type?2— If found for at least one component in the product model, attribute Type 1 is
ignored. If not found, the system searches for Type 1.

e Typel— Usedif foundin product models where no component has attribute Type 2 or
wherev_sub_cat_default is set to Type 1.

The system checks _comp_type first. If not defined, the selected component is checked against
Type 2. If not found, it is checked against Type 1.

Example of User-Defined Component Type
Classification

Y ou can use the ERF variable v_sub_cat_default to specify a component type classification for
each analysis.

This example illustrates how to run these analyses:
¢ Run Component analysisby Type 1
e Run Padstack analysis by Mount Type
e Run Testpoint analysisby height_class (a user attribute)
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Classifying Results by a User Defined Component Attribute

The ERFs are as in the examples:
ERF Modél Example
Component ERF model v_sub_cat_default = Typel

SMT:c2c;bga gfp_nn =50 60 100

Padstack ERF model v_sub_cat_default = Mount Type

SMT:toep2toep;smt_smt_nn = 30 40 100

Testpoint ERF model v_sub_cat_default = height_class

FS:tp2toep;H1 H2 nn =60 70 100

Classifying Results by a User Defined Component
Attribute

Any component measurement can be customized by substituting a user defined component
attribute for the category default. The results will be classified in dynamic categoriesin
accordance with the user attribute.

For example, you can report different distances for testpoint to component measurements,
depending on component height:

e Components of low height must be distance D1 from the testpoint.
e Components of medium height must be distance D2 from the testpoint.
e Components of tall height must be distance D3 from the testpoint.
Procedure
1. Intheuser attribute file, define an attribute that will be assigned to each component.

For example, define a user attribute _comp_height with possible values of low, medium
and tall, by adding these lines:

OPTION {
NAME = comp_ height
ENTITY = COMPONENT
OPTIONS = low;medium;tall
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2. Setthe ERF variablev_sub_cat_default to point to the user attribute, in testpoint.erf.
For example, set v_sub_cat_default = _comp_height.

3. Set the ranges for the dynamic categories, in the ERF model:
For example, set these ranges:

:tp2comp;low_*=D3, <value>, <values

:tp2comp;medium_ *=D2, <value>, <value>

:tp2comp:tall *=D1, <value>, <value>
:tp2comp; * *=<value>, <value>, <values>

* ok X ok

Classification by Component Side

Depending on the value of ERF variablev_classify by leaded side, results can be classified
either by whether the side of the component involved in the measurement is narrow or wide, or
by whether the side has |eads.

If v_classify by leaded sides = 0, aside classification of n or w indicates whether the side of
the component involved in the measurement is the narrow side (n) or the wide side (w).

Square

(both zicles are “w’

n w

If v_classify_by leaded sides= 1, aside classification of n or w indicates whether the side of
the component involved in the measurement is the non-leaded side (n) or the leaded side (w).

(| O3 w w oooo n
CH = leaded [ N |eaded D D D D D non-leacded
| 04 Fadec saded D == oooo
w o O w n (| |

leaded 0 O3 leaded neon-leaded 0 nopopopn W w- lzaded

|- O NN RREEN|
n Component leaded Component with pinz

nion-leaded on all sides under the body.

Components can be leaded on al sides. Whether component pins extend from the body or are
covered by it does not change leaded or non-leaded classification.

Consider thislinein the ERF: SMT:c2c;tab gfp nn=468

e If v_classify by leaded sides= 0, thered value for narrow side to narrow sideis 4.
o |If v _classify by leaded sides=1, thered value for unleaded side to unleaded sideis 4.
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Categories in Component Analysis

Several component analysis tests can be run. For each test performed, results might be reported
to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

M easurements are made from edge of component to edge of feature, unless otherwise indicated.

Components with the Ignore During Spacing Analysis attribute are not reported in categories
involving spacing as well as all categoriesin the Silk Screen test.

Table 8-2. Result Categories for Component Analysis

Category Description

Comp. Under Component | Reports components partially or totally under other
(Spacing) components.

Comp. Overlap (Spacing) Reports components that overlap other components.
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Comp. Under Component (Spacing)

Reports components partially or totally under other components.

Analysis Category <Area>.c_under_c;<PkgTypeA> <PkgTypeB> <CompSide><CompSi
de>

Measurement Shape | Segment

Measurement Value | Percent (area of overlap or area of smaller component)

Measurement I1Ds Two components

Layers Displayed Component layer
Outer layer on component side, if pp_comp_outline=T-envelope.

GraphiC ] Component R342 iz

|:E| under component J&,
'-ME }/
o s )
Cill

Purpose Not all component overlapisillegal. (SMT components can be placed
under through hole components in some situations.)

Function Reports components partially or totally under other components.
Measurement value is reported in percent; that is, less than 100% is
partial overlap, 100% istotal overlap. Does not report components with
attribute Ignore During Spacing Analysis.

ERF Parameters pp_comp_outline
pp_ignore_comps _with_ignore_attr

ERF Variables v_split_c2c =yes

Limitations
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Comp. Overlap (Spacing)

Reports components that overlap other components.

Analysis Category

<Area>:comp_overlap;<PkgTypeA>_ <PkgTypeB> <CompSide><Co
mpSide>

M easurement Shape
M easurement Value
Measurement IDs

Overlap segment
Overlap distance
Component names

Layers Displayed Component layer
Outer layer on component side, if pp_comp_outline = T-envelope.

crapne b e e i

e |_ 14
@ | i j
Cad

Purpose Not al component overlapisillegal.

Function Reports components that overlap other components. The overlap
distance indicates how far a component should be moved to avoid
overlapping.

For each two components that overlap, but are not completely covered
one by the other, report the greatest extent of overlapping. Does not
report components with attribute Ignore During Spacing Analysis.

ERF Parameters pp_comp_outline
pp_ignore_comps_with_ignore_attr
pp_C_spacing

ERF Variables v_split_c2c = report_overlap

Limitations
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ERF Parameters for Component Analysis

Parameters set in the ERF file control the analysis.

Name Parameter Description Categories
Affected

Side pp_side Determinesthe side on which | All categories
tests are performed: top,
bottom or both.

Component Spacing | pp_C_spacing Maximal distance to detect All categories
between components

Component Outline | pp_comp_outline | The type of component All categories

outline to use:
body — The body only.

envelope — A polygon
around body + pins.

T-envelope — A polygon
around body + toeprintsin
outer layer.

See “ Component Outline” on
page 216 for an explanation
of component outline types.

Ignore comps. with
.comp_ignore

pp_ignore_comps _
with_ignore_attr

Determines whether to ignore
components with attribute
Ignore Graphically/Output.

no — Include these
componentsin the analysis.
(default)

yes — Ignore these
components.

(Assigned to components not
placed on the board when
printed.)

All categories
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ERF Variables for Component Analysis

Variables set in the ERF file control the analysis.

Variable Description Categories
Affected
v_split_c2c Controls how overlapping components are reported. | Comp. Under
yes — Reports overlapping measurementsin Component
category Comp. Under Component as a percent Comp. Overlap
(areaof overlap or area of smaller component).
report_overlap — Reports partially overlapping
components to category ‘ Comp. Overlap'.
Completely overlapping components are reported
to ‘ Comp. Under Component’.
v_sub cat_default | Controls the attribute used in component All categories
classification. classified by
component type

Empty — If left empty, the system searches for
User Type, if at least one package has a user type
designation. Otherwise, it searches for Package
Type. If not found, no classification according to
component type is performed. (default)

Package Type — Component classification types
assigned prior to import.

User Type — User-defined component
classification types assigned prior to import.
String — A string identical to the name of the
attribute to be used for component assignment.

Mount Type — The mount type used by the
component. [Possible values: SMT; THMT;
PRESSFIT or Other]
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Chapter 9
Assembly Analysis - Testpoint Analysis

Testpoint Analysisis aread-only action intended to detect issues related to testpoints—pads
having an attribute designating them as testpoints. It addresses issues such as accessibility to
testpoints by probes and coverage on the board. It operates on top or bottom layers, and refersto
the corresponding component layer.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Testpoint ANalysiS . .. ...t e e 229
AttributesUsed in Testpoint ANalySiS. . ..o 229
Categoriesin Testpoint ANalySiS . ..o ottt 231
Testpoint to Testpoint (SPaCING). . .« oo oo vt ettt e 232
Testpoint to Exposed Copper (SPacing) . . ... oottt 233
Testpoint Density (SPaCiNg) . - -« o« v vttt e e e e e e 235
ERF Parametersfor Testpoint AnalysSisS .. ... 236
ERF Variablesfor Testpoint AnalySiS. ... ..ot 237

Tests Performed in Testpoint Analysis

Several testpoint analysis tests can be run. For each test performed, results might be reported to
the result categories available for that test. In the result category descriptions in this document,
the test name is indicated in parentheses after the category name.

Spacing — Reports the spacing between testpoints.

Testpoints are designated by the feature attribute ICT Test Point, Test Point Potential or both as
defined by ERF variable v_testpoint_attr.

If v_testpoint_attr = both, then all incidences of ICT Test Point and Test Point Potential are
reported along with any incidences of both on the same feature. If two attributes of the same
feature contradict one another, the value of Test Point Potential is used.

For example, if v_testpoint_attr = both and a pad has feature attribute ICT Test Point and Test
Point Potential = not_potential_tp_manual, the not_potential_tp_manual is used and the pad is
ignored during analysis.

Attributes Used in Testpoint Analysis

Attributes assigned to features in the product model control the analysis.

DFM Analyses User Guide, NPI11.0 229
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Assembly Analysis - Testpoint Analysis
Attributes Used in Testpoint Analysis

Feature Attributes

Table 9-1. Testpoint Analysis Feature Attributes

Name Description
ICT Test Point Features with this attribute are considered testpoints.
Copper Feature Copper features bearing this attribute are ignored in analysis actions.

Ignore (Presently implemented only for Rout Test.)
Test Point Features with this attribute are considered as testpoints in the analysis
Potential unlessitsvalueis not_potential_tp_manual. If so, it isignored.
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Categories in Testpoint Analysis

Several testpoint analysis tests can be run. For each test performed, results might be reported to
the result categories available for that test. In the result category descriptions in this document,
the test name is indicated in parentheses after the category name.

Table 9-2. Result Categories for Testpoint Analysis

Category Description
Testpoint to Testpoint Reports distances between testpoints that are less than
(Spacing) pp_t_spacing.
Testpoint to Exposed Reports distances between testpoints and exposed copper pads
Copper (Spacing) or surfaces of the outer signal layer, lessthan pp_t_spacing.
Testpoint Density (Spacing) | Reports each areathat contains more than a specified number of
testpoints.
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Testpoint to Testpoint (Spacing)

Reports distances between testpoints that are less than pp_t_spacing.

Analysis Category tp2tp
tp2tp;<PkgType>
tp2tp;<PkgTypeA> <PkgTypeB>
Measurement Shape | Segment
Measurement IDs Two testpoint pads
Layers Displayed Top or bottom signal layer.
Corresponding solder mask layer if v_exposed tp=1.
Graphic
'y
Purpose Testpoints should be kept sufficiently apart in order to allow
simultaneous probing without collision.
Function Reports distances between testpoints that are less than pp_t_spacing for
these cases:
e None of the testpointsis atoeprint of a component (tp2tp)
e Oneof thetestpointsis atoeprint of acomponent (tp2tp;<PkgType>)
¢ Both testpoints are toeprints of components
(tp2tp;<PkgTypeA> <PkgTypeB>)
The distance is measured from pad center to pad center.
ERF Parameters
ERF Variables v_testpoint_attr
v_tp2tp_by side=no
Constraint Testpoint to Testpoint
Changein Behavior | When one or two of the testpoints are also toeprints of a component, the
result is classified by their comp_type. Therefore, this category can be
classified by two, one or no comp_type, depending upon where they are
Situated.
Limitations
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Testpoint to Exposed Copper (Spacing)

Reports distances between testpoints and exposed copper pads or surfaces of the outer signal
layer, less than pp_t_spacing.

Analysis Category <Area>:tp2c
Measurement Shape | Segment
Measurement Value | Spacing
Measurement I1Ds Testpoint; Feature
Layers Displayed Top or bottom signal layer
Corresponding solder mask layer
Graphic
® ECF
t )
1. Cm 1Tl —@=
T \ ECF \
ECF SME If the clozest point between the
TF to the ECF iz covered by a
clozer ECF, the measzurement
ECF A iz shown to the closer ECF.
SMC ECE
/ TF
\ /
) ECF
"‘-\-\.“ : : :
> sme
When two SMCe are atthe same When an ECF ‘intervenes’
distance and encompassing an between the TF and another ECF,
ECF, two measzurements are shown. two measurements are shown.
Legend: TP - Testpoint
ECF - Exposed Copper Feature SMC - Solder Mask Clearance
Purpose To assure testpoint probes do not touch and have sufficient clearance
from exposed copper. Reports only copper pads which are neither via
nor toeprint pads.
Function Reports distances between testpoints and exposed copper pads or
surfaces of the outer signal layer, lessthan pp_t_spacing.
ERF Parameters pp_t_spacing
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Testpoint to Exposed Copper (Spacing)

ERF Variables v_exposed_tp
v_tp2c_by side=no
v_ignore_tp2c_same net
V_report_same net_spacing
V_testpoint_attr

Constraint Exposed Copper Spacing

Limitations
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Testpoint Density (Spacing)

Reports each area that contains more than a specified number of testpoints.

Analysis Category

<Area>:tp_density

M easurement Shape
Measurement Value

Bounding box of a group of testpoints
Number of testpoints within the bounding box

Measurement Entity | None

Layers Displayed Signal layer

Graphic

Purpose Too many testpoint probes concentrated in a small area can cause
pressure that could damage the board and crack solder joints.

Function Reports each area that contains more than a specified number of
testpoints.

ERF Parameters

ERF Variables v_tp_density box_size
v_tp_density _number

Limitations
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ERF Parameters for Testpoint Analysis

Parameters set in the ERF file control the analysis.

Name Parameter Description Categories
Affected
Side pp_side Determines the side on All categories
which tests are performed:
top, bottom or both.
Testpoint Spacing | pp_t_spacing Maximal spacing between | Testpoint to
testpoints Testpoint
Testpoint to
Exposed Copper
Test List pp_tests Determines the tests All categories
performed on the layer.
See “Tests Performed in
Testpoint Analysis’ on
page 229.
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ERF Variables for Testpoint Analysis

Variables set in the ERF file control the analysis.

Variable

Description

Categories Affected

process map_layer
bot

Process map layer for bottom side of board

All categories
classified by area

process map_layer | Process map layer for top side of board All categories
top classified by area
v_exposed_tp The edge of atestpoint from which to measure. Testpoi nt to

1 — (default) Measures only from the exposed | T€stPoInt

edge. Testpoint to

0 — Measures from the edge, whether exposed | EXPosed Copper

or not.
v_ignore_tp2c_same| Controls whether violations between testpoints | Testpoint to
_net and exposed copper on the same net are Exposed Copper

reported.

0 — Reports al violations (default)

1 — Does not report violations between

testpoints and exposed copper of the same net.

This ERF variable remains to maintain

backward compatibility. It is overridden by

V_report_same _net_spacing.
v_report_same net_ | Controls whether to report al testpoint to copper | Testpoint to
spacing violations together or only those of different Exposed Copper

nets.

yes — Report spacing violations between
testpoints and copper features regardless of net.
no — Only report spacing violations between
testpoints and copper features of different nets.

This variable, when set to no, takes precedence
over v_ignore tp2c_same net.
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ERF Variables for Testpoint Analysis

Variable

Description

Categories Affected

v_sub cat_default

Indicates the attribute used in component
classification.

Empty — If left empty, the system searches for
User Type, if at least one package has a user
type designation. Otherwise, it searches for
Package Type. If not found, no classification
according to component type is performed.
(default)

Package Type — Component classification
types assigned prior to import.

User Type — User-defined component
classification types assigned prior to import.
String — Any string identical to the desired
component attribute name.

Mount Type — The mount type used by the
component. [Possible values: SMT; THMT;
PRESSFIT or Other]

All categories
classified by
component type

v_testpoint_attr

Determines the attribute used for testpoint
designation of a pad.

¢ ICT Test Point — Accepted as a testpoint.

e Test Point Potential — If itsvalueis
potential_tp_manually or
potential_tp by analysis, accepted asa
testpoint.

e both — At least one of the above attributes
is accepted as atestpoint.

A pad with contradictory attributes (ICT Test
Point and Test Point Potential =
not_potential_tp _manual) is not accepted as a
testpoint.

All categories

v_tp2c by side

Determines whether all testpoint to exposed
copper measurements are reported to ‘ Testpoint
to Exposed Copper’ or according to the side
found.

no — Reports al violationsto ‘ Testpoint to
Exposed Copper’.

yes — Reports violations to ‘ Testpoint to
Exposed Copper (Primary)’ or ‘ Testpoint to
Exposed Copper (Secondary)’.

Testpoint to
Exposed Copper
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ERF Variables for Testpoint Analysis

Variable

Description

Categories Affected

v_tp2tp_by side

Determines how results are reported for
measurements between testpoints.

no — Reports al resultsto ‘ Testpoint to
Testpoint’ category. (default)

yes — Reports results to ‘ Testpoint to Testpoint
(Primary)’ or ‘Testpoint to Testpoint
(Secondary)’.

Testpoint to
Testpoint

v_tp_density box_si
ze

Determines the length of a side for the square
area containing the testpoints.

Testpoint Density

v_tp_density_numbe
r

Determines the number of testpoints within an
areato be reported.

Testpoint Density
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ERF Variables for Testpoint Analysis
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Chapter 10
Assembly Analysis - Solderpaste Analysis

Solderpaste Analysisis aread-only action that includes tests to verify correct placement of
solderpaste on the board (sol derpaste should be on all SMD pads and only there), and proper
overlap between solderpaste and solder mask, between solderpaste and copper layers.

For an explanation of how to run this analysis, see “Performing DFM Analysis’ on page 21.

TestsPerformed in Solderpaste Analysis . ...t e 241
AttributesUsed in Solderpaste AnalysiS . ... ..ot 241
Categoriesin Solderpaste Analysis . ... .ot e 242

Non-SMD Padswith Solderpaste (SMD). . ... ..o 243

SMD Pad Without Solderpaste (SMD). . .. .. oo e 244
ERF Parametersfor Solderpaste Analysis . .. ...t 245
ERF Variablesfor Solderpaste Analysis. .. ... 246

Tests Performed in Solderpaste Analysis

Several solderpaste analysistests can be run. For each test performed, results might be reported
to the result categories available for that test. In the result category descriptionsin this
document, the test name isindicated in parentheses after the category name.

SM D — Reports solderpaste features that do not touch SMD pads (in outer signal layers), and
SMD pads not covered at all with solderpaste.

Attributes Used in Solderpaste Analysis

Attributes assigned to features in the product model control the analysis.

Feature Attributes

Table 10-1. Solderpaste Analysis Feature Attributes

Name Description
SMD Pad Boolean attribute used to determine whether a pad isan SMD pad.
Copper Text Boolean attribute. A solderpaste feature having this attribute isignored in
the Solderpaste Analysis.
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Categories in Solderpaste Analysis

Categories in Solderpaste Analysis

Several solderpaste analysistests can be run. For each test performed, results might be reported
to the result categories available for that test. In the result category descriptionsin this
document, the test name is indicated in parentheses after the category name.

Table 10-2. Result Categories for Solder Paste Analysis

Category Description
Non-SMD Pads with Reports solderpaste features touching pads without attribute
Solderpaste (SMD) SMD Pad in the outer signal layer.
SMD Pad Without Reports SMD pads on the outer signal layer not covered, at least
Solderpaste (SMD) partialy, with solderpaste.
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Assembly Analysis - Solderpaste Analysis
Non-SMD Pads with Solderpaste (SMD)

Non-SMD Pads with Solderpaste (SMD)

Reports solderpaste features touching pads without attribute SMD Pad in the outer signal layer.

Analysis Category sp_non_smd;<PkgType>
Measurement Shape | Solderpaste feature
Measurement Value | Solderpaste feature bounding box
Measurement (ID)s
Layers Displayed Solderpaste layer
Outer signal layer
Graphic
Purpose Solderpaste on non-SMD pads may result in shorts.
Function Reports sol derpaste features touching pads without attribute SMD Pad in
the outer signal layer.
ERF Parameters
ERF Variables
Limitations
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Assembly Analysis - Solderpaste Analysis
SMD Pad Without Solderpaste (SMD)

SMD Pad Without Solderpaste (SMD)

Reports SMD pads on the outer signal layer not covered, at least partially, with solderpaste.

Analysis Category smd_without_sp;<PkgType>

Measurement Shape | SMD pad
Measurement Value | SMD pad bounding box
Measurement (ID)s

Layers Displayed Solderpaste layer
Outer signal layer

Graphic | ' I I

Purpose Missing solderpaste may result in broken net connectivity.
Function Reports SMD pads on the outer signal layer not covered, at least
partialy, with solderpaste.
ERF Parameters
ERF Variables v_ignore _gold smd_without_sp
Limitations
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ERF Parameters for Solderpaste Analysis

ERF Parameters for Solderpaste Analysis

Parameters set in the ERF file control the analysis.

Name Parameter Description Categories
Affected
Side pp_side Determinesthesideonwhich | All categories
tests are performed: top,
bottom or both.
Test List pp_tests Determines the tests All categories

performed on the layer. See
“Tests Performed in
Solderpaste Analysis’ on
page 241.
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ERF Variables for Solderpaste Analysis

ERF Variables for Solderpaste Analysis

Variables set in the ERF file control the analysis.

Variable Description Categories
Affected
v_ignore_gold_smd | Determines whether to report all SMD pads (with | SMD Pad
_without_sp attribute SMD Pad) lacking solderpaste or ignore | Without
those with the attribute Plated Feature. Solderpaste
no — Report all SMD pads without solderpaste.
(default)
yes — Ignore SMD pads with attribute Plated
Feature lacking solderpaste.
v_sub cat default | Determines the attribute used in component All categories
classification. classified by
component type

Empty — If left empty, the system searches for
User Type, if at least one package has a user type
designation. Otherwise, it searches for Package
Type. If not found, no classification according to
component typeis performed. (default)

Package Type — Component classification types
assigned prior to import.

User Type — User-defined component
classification types assigned prior to import
String — Any string identical to the desired
component attribute name.

Mount Type — The mount type used by the

component. [Possible values: SMT; THMT;
PRESSFIT or Other]
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Chapter 11
DFMA Result Viewer

The execution of analyses can present a user with thousands of analysis results. The Result
Viewer enables the user to inspect results most likely to prevent the successful manufacture of a
board.

For users of DFM Analyses, only violations are reported. A histogram of category results
displays, along with atypical measurement and an explanation of the category’s purpose. An
overview highlights either the area of the design where a specific result isfound, or a
distribution map of al results on alayer.

The graphic area displays the selected result. Y ou can zoom in or out to examine aresult or the
areaaround it. You can filter to review results within a selected area only.

Moving between the Result Viewer and the EDA application where the design was created
allows you to edit critical violations. Rerunning the analyses allows you to verify that the
manufacturability of the product model isimproving.

Result Viewer Workspace. . ... .ovi i e et 248
Layer LISt ..o e e 249
Result CategorieS Pane. . . . ... oo 250
Details Pane . .. ... 251
OVEIVIBW Pane . . . .o 251
Board View of the Result . . ... ... e 252

ResUlt Viewer TOOIS. . ..o e e e e 253

Grid and Snap OPLtioNS . . ..ot e 256
Setting Grid and SNap OptioNS. . . ..ot 256
Locationsof Snap POINtS ... ... .o 258
SNAD HOL K Y S . . 259

Filteringand Reporting ResUlts. . .. ... e 261
Filtering by Layer . ... 261
Filteringby Board Area . .. ...t e 262
FilteringwithaHistogram . . ... 262
Flagging ReSUILS . . . .. .o e 264
CreatingaResultSREPOrt . . . .. ..o 264
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Result Viewer Workspace

Result Viewer Workspace

Running Design for Manufacture Analysis (DFMA) opens the Result Viewer workspace. All
actions for reviewing analysis results can be performed from the Result Viewer workspace.

10} Result Viewer
File Edt Yiew Results Tools Help
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boarder_outine...

F = Leyer List e SMT:Tes:point bo zosprink; (337 0) | cat Short Sli
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The numbered panes in the example contain this information:

Table 11-1. Panes of the Result Viewer Window
Result Viewer Pane Explanation

Layer List This pane displays alist of al layersin the design. It contains
options for viewing layers and their contents: afilter, alocking
mechanism, color guide, the name and type of the layer, and an
indication of results viewed in the layer.

Result Categories Pane This pane displays alist of results grouped by categories, and
sorted according to severity.

248 DFM Analyses User Guide, NPI11.0
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



DFMA Result Viewer
Layer List

Table 11-1. Panes of the Result Viewer Window (cont.)

Result Viewer Pane

Explanation

Details Pane

This pane can display a histogram of category results, the
details of a selected result in the category, and the description of
what the category reports. It displays arepresentative graphic of
atypical measurement. If you select an individual result in the
Result Categories pane, the Details pane displays measurement
details.

Overview Pane

This pane displays an overview of the board. Click a category
to see a distribution map of itsresults. If viewing an individual
result, the features of its primary layer also display. The
location of the measurement is highlighted.

Board View of the Result

This area of the workspace displays the sel ected measurement
on the board. Y ou can zoom in, and examine the actual features
involved in the measurement and neighboring features in order
to decide what action should be taken.

Layer List

This pane displays alist of all layersin the design. It contains options for viewing layers and
their contents: afilter, alocking mechanism, color guide, the name and type of the layer, and an
indication of results viewed in the layer.
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DFMA Result Viewer
Result Categories Pane

The Layer List represents the layers of the job.

Column Explanation

Thelayer filter isused to control the display of results. By default all resultsin
all layers displayed. Clear the check box to remove the results of that layer
from the result categories. A red border around the check mark indicates the
presence of critical violations on the layer for the selected category. The
default display isonly violations. Result Viewer users have the option of
viewing all results.

T

A locked layer remains displayed.

(=

The layer color guide displays the color used for that layer in the graphic area,
and controls its display. Click the color box or layer name to display or hide
the features of that layer in the graphic area.

W

Layer List A component layer is represented by thisicon smmmmmmmmme - Other layers
display their names.

The viewed column indicates the proportion of resultsin the selected category
aready viewed on the layer. For example, |- indicates only a quarter of the

results have been viewed, and | indicates all results have been viewed.

e

Result Categories Pane

This pane displays alist of results grouped by categories, and sorted according to severity.

If features have an attribute identifying their padstack, or a symbol name, the user can view
them by layer. See “Result Viewer Tools” on page 253.

=|- assembly (3029 j 0)

Fiducial Analysis (11 [ 0)
Padstack Analysis (1325 )/ 0
Teskpaink Analysis (1023 ) 00
Solderpaste Analysis (670 | 00

+

+|-[F-F

=I- Fabrication (26783 | 47)
+- Golder Mask Checks (21135 [/ 0)
=1 Silk. Screen Checks (5648 [ 47)
aM Clearance (5169 [ 47)
SMD Clearance (305 § 0)
PTH pads Clearance (105 | 0)
PTH clearance (63 [ 0)

Note
D The names of result categories do not fully correlate to the names of constraintsin the

Constraints Editor. Analysis categories include both violations that are based on values set
in the Constraints Editor, and go/no-go type violations, such as SMD pads without Solderpaste
or Non-SMD pads with Solderpaste.
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DFMA Result Viewer
Details Pane

Details Pane

This pane can display a histogram of category results, the details of a selected result in the
category, and the description of what the category reports. It displays a representative graphic of
atypica measurement. If you select an individual result in the Result Categories pane, the
Details pane displays measurement details.

The histogram displays when the user selects a category. Category and measurement details
display when selecting a specific measurement. The function of the category and an illustration
can display with either the histogram or category details, or can be hidden by selecting in the
main menu View > Toggle category description.

Category SN Clearance

Measured  4mil 3 of 5169 - -
M

Range ss2sm =65 10
Layer zzh

Checklist fabrication

Action Silk, Screen Checks
Maodel STD

Flags Yigmwed

w
Reports distances less than pp_spacing between silk h
screen features and solder mask clearances., l

_—

The measurement details include the category name, measurement value, index number of this
measurement out of atotal for the category, and its severity indicated by adot in one of the
severity bars, aswell as the general details of range, layer, checklist, action, model and flags.

DFM Analysis users view only violations. The Threshold is displayed instead of the Range.

Overview Pane

This pane displays an overview of the board. Click a category to see adistribution map of its
results. If viewing an individual result, the features of its primary layer aso display. The
location of the measurement is highlighted.

DFM Analyses User Guide, NPI11.0 251
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



DFMA Result Viewer
Board View of the Result

On theleft isadistribution map of all resultsin the selected category. On the right, the area of
the features and the selected measurement are highlighted.

Board View of the Result

This area of the workspace displays the selected measurement on the board. Y ou can zoom in,
and examine the actual features involved in the measurement and neighboring features in order
to decide what action should be taken.

The right-click menu for the graphic area offers options for zooming, measuring, displaying,
and selecting features.
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DFMA Result Viewer
Result Viewer Tools

Result Viewer Tools

The Result Viewer workspace contains tools for navigation, selection or deselection, reviewing
results, and accessing related applications. All actions available on the toolbar can also be
accessed using a menu option. Some menu options have no toolbar equivalent. There are right-
click options that do not display in the toolbars or the menus.

Tool Explanation
=] Deselects all layersin the layer filter.
=
/- Selects dl layersin the layer filter.
o I
Removes all layer locks.
s ay
Q Zooms the view of the graphic areain enlarging all features.
a Zooms the view of the graphic area out reducing all features.
..... : Zoomsthe view of the graphic areato the rectangle drawn with thistool.
a
- Zooms the view of the graphic area to home—to include the entire
- board.
- Selects afeature. Pressing Shift, and clicking other features causes the
K selection to be cumulative.
o Used to measure the distance between two features.
Opens the Snap dialog box to determine how certain features—Iline,
ﬁ pad, filled surface, arc, text—snap to positions on the grid or to other
features, and whether the grid is displayed and in what form. See Setting
Grid and Snap Options.
Pans the view of the graphic arealeft, right, up and down, respectively.
® > 9 @ grap gnt, up esp y
Navigates from one result to another either sequentially, to thefirstin
N € > M the category, or to the last in the category. (Clicking the next arrow at
the end of a category, moves the view to the first result of the next
category.)
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DFEMA Result Viewer
Result Viewer Tools

Tool Explanation

o Sets the zoom mode:
Auto Zoom
Pan Only
No Zoom

4o Synchronize with the current EDA program. Displays the same area of
the board in the EDA program, as the measurement displayed in the
Result Viewer. Y ou can examine the problematic areas and perform
DFM actionsto rectify critical violations.

) Shows/hides the category description and typical measurement in Pane

¥ 3.

i

Flags asingle result of a specific category to be reported. For
information on reports, see Flagging Results and Creating a Results
Report.

Flags all results of the selected node to be reported.

h=
7 Filters results of arectangular selection.
Clears the rectangular filter.
1
o Changes measurement display from inches to millimeters, or vice versa.
File > Exit Closes the application.

Tools> Component
Options

Opens the Component Display Options dialog box for setting how
components display.

Expand All Right-click any action, entity, or property by which to displaying the
Collapse Al results tree, and select one of these options to expand or collapse all
resultsin the tree, not just those of the right-clicked node.
254 DFM Analyses User Guide, NPI11.0

May 2019



DFMA Result Viewer
Result Viewer Tools

Tool

Explanation

Toggle Feature
Classification

Y ou can view measurement results involving two, one or no features
according to classification by the feature attribute Geometry or by their
symbol name. Results are displayed by layer, with the first results being
the most severe for that layer. Features having the feature attribute
Geometry, containing the name of the padstack to which the feature
belongs, are given preference. If the feature does not have the attribute
Geometry, then its symbol nameis used. If neither of these are found,
the results display under None.

Right-click any category, and choose Toggle Featur e Classification.

The results are sorted by layer, under padstack name, symbol name, or
None. The histogram displays the results of the selected

=) analysis (70 | 273
= Dill Checks (3TD) (7 [ 1)
=+ PTH Summaty (7 [ 1)
= drill {7 § 1)
r24 (7 1 1)
= Solder Mask Checks (STD) (28 | 5)
[=- Via annular Ring (14 [ 5)
= smk (7 | 5)
FE (7] 5)
smb (7 ) 0}
[=- 3MD annular Ring £1 [ 0}
smb (1[0}
[=- Pad annular Ring (13 J O}
= smk (& | 0}

fid_0_0_0(& /)
Ia'yer' [ ] = A k]

Displays results singly or simultaneously when you use the navigation
tools to move from one measurement to the next, or from one category
to another.

To view all results simultaneously, click the Show All
Ll "JNRR N

.j'il

511.5%

fzﬁﬁ'ﬁ
|

-

@

tool ._/’—\.

In Inches or Millimeters

Click the Switch Unitstool. The workspace dynamically updates all
results and histograms.
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DFMA Result Viewer
Grid and Snap Options

Grid and Snap Options

Grid and snap option tools enable greater accuracy when editing features.

Snap depends on these factors:

e The snap features chosen for snapping.
For example, if you deselect Arc, then featuresin the display will not snap to arcs.

I [o] [ 5 [

e The snap mode: Grid, Center, Skeleton, Edge, Intersect, or Midpoint.

e The feature snap point, and distance to the nearest snap point.
e Thesnap layer, as designated with SA (snap advance).

Setting Grid and Snap OPLioNS. . . ... oot 256
Locationsof SNap POINtS. . .. ..ot 258
SNAPD HOt KBYS . . 259

Setting Grid and Snap Options

The Snap functions enable you to determine how certain features—Iline, pad, filled surface, arc,
text—snap to positions on the grid or to other features, and enables you to decide whether the
grid isdisplayed aswell asin what form.

The Control Snapping tool opens the Snap dialog box EHEE . Selecting amode in the Snap
dialog box causes the tool icon in the toolbar of the Result Viewer to change to the specific tool
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DFMA Result Viewer
Setting Grid and Snap Options

in use. The Grid Mode options determine whether to display the grid or not; and if displayed, in
what form. There are hot keys for each of the snap options.

Snap Features

1] o]

Snap HMode
Off
Grid
Center
Skeleton
Edge
Intersect

Midpoint

e Bhie Baie Sie Bae Bie Bie |

Profile

a [ (R
Grid - g

f+ Off

" Marks

 Net

 Dots
X size :ID.l
T =size :ID-l

Origin |

o)

Eetween

Prev Origin |

Snap Hot Eeys @
<3r,<G» - Snap Grid

<8, <Cx

<S>, <Ex

Snap Center

Snap Edge

<3 ,<53» - Snap Skeleton

<>, <I>

Znap Intersect

€8>, <M» - Snap Midpoint
<8>,<Pr — Snap Profile
<8x,<A» — Snap Adv. Lyr
<8>,<Br — Snap Between
<35>, <0> — Snap Off

Close

Snap Mode options can be deactivated by clicking Off.

T ool

Use

Grid — Snapsto grid intersection.

Center — Snapsto center of pad (end of arc or line).

Skeleton — Snapsto skeleton hairline in center of line or arc, or to center of

pad.

Edge — Snaps to closest edge of feature (also lines and arcs).

I nter sect — Snaps to intersection of lines or arcs.

Midpoint — Snaps to midpoint of lines (not arcs) or center of pads and filled

surfaces.

o | = | R

Profile — Snaps to the closest point on the defined profile.
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DFMA Result Viewer
Locations of Snap Points

Tool Use
ﬁ Between — Snaps to the center of an orthogonal (horizontal or vertical) line
between two closest pads.
Procedure

1. Clear the Off option under Grid, or press Ctrl-G.

2. Select one of the grid type options.
e Marks— Gridisdisplayed in crosses at grid intersections
e Net — Displays horizontal and vertical lines
e Dots— Displays dots at grid intersections

3. InX sizeand Y size set the distances between grid intersections along the X/Y axes.

Locations of Snap Points

Snap points for features are points to which a snap action applies.

Feature Snap Point

Grid At grid intersections

Line At line endpoints, edges, skeleton, or midpoint of skeleton
Pad At their edges or centers

Surface (areas, polygons) | At their corners, edges or centers

Arc At their endpoints, edges or skeletons

Text To the beginning of the baseline

The snap points for aline, pad, surface, or arc depend on the mode (center, skeleton, edge,
intersect, or midpoint):

Mode Line Pad Surface Arc
cene &_=2
to ends 7
to ends
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Snap Hot Keys

Mode Line Pad Surface Arc
Seleton | (———) @ C%
to skeleton to center to center
to skeleton
- /O %
to closest edge
g to closest edge to closest edge
to closest edge
Intersect % O
no snap no snap ﬁ
to intersect )
to intersect
Midpoint % Q
!
to midpoint to center to center
no snap

Snap Hot Keys

This table describes the shortcut keys associated with the Snap function:

Table 11-2. Snap Shortcut Keys

Keys/Mouse button Function

SG Snap grid

SC Snap center
SE Snap skeleton
SA Snap advance
Sl Snap intersect
SM Snap midpoint
SP Snap profile

DFM Analyses User Guide, NPI111.0

May 2019

259



DFMA Result Viewer
Snap Hot Keys

Table 11-2. Snap Shortcut Keys (cont.)

Keys/Mouse button Function
SO Snap off
Ctrl+G Grid on/off
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DFMA Result Viewer
Filtering and Reporting Results

Filtering and Reporting Results

Results can be filtered by layers, area, or histogram bar. One of the most significant features of
the Result Viewer isthat no matter how results are filtered, they are then ordered to display the
most severe measurementsfirst. If any restriction is placed upon the number of resultsto
display, it becomes effective only after the order and sort actions. The Result Viewer also
enables you to print result reports for distribution or archiving.

Filtering by Layer . ... 261
Filteringby Board Area . ... 262
Filteringwith aHistogram . . ... e 262
Flagging ResUItS. . ... ..o 264
Creatinga ResUltS REPOIT. . .. ... o e 264

Filtering by Layer

The Filter column in the layer paneisthe layer filter. By default, results of all layers are
displayed. The color of the box around the check mark for alayer indicates the highest severity
of results found in the layer for the selected category.

T ﬁ = Layer ¥
JTOO0OOO000L

] sst

] spt

O N
] sigk

] sige

] siga

] sigd

] pas

For example, to view results from only outer layers, remove the check mark from the inner
signal layers—in the example that would be layers sig2, sig3, and sig4.

Procedure
1. If youwant to display all but afew layers, click thetool Select All Layers 7= and then

clear the check box in the filter column | <7 for layers you do not want to display.

2. If youwant to display only afew layers, click thetool Deselect All Layers 7= and then
select the layersin the filter column <7 that you want to display.
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DFMA Result Viewer
Filtering by Board Area

Results
e Asyou view theresults, they are automatically flagged as viewed.

e If you leave agroup of results, without viewing all of them, the viewed column .z
indicates the proportion of results already viewed. For example, |--- indicatesthat a

quarter of the results have been viewed, and | indicates that all results have been
viewed.

Filtering by Board Area
Y ou can view result measurements for a selected area of the board.

Procedure

1. Toreview only those measurements within a specific area of the board, click the Select

Areafilter. 1

2. Inthe board overview, draw arectangle around the area of the board from which to take
results.

A blue rectangle displays in the overview around the area. Only results within the area
are listed in the categories of the tree. (Fewer categories might display; and the total
number of results for some categoriesisless.)

3. Toremovethefilter, click the Clear Areafilter. i

Filtering with a Histogram

Y ou can display a histogram for any category. When you choose a category, the histogram
displays all violations of the category. When you navigate to an individual measurement, a
description of the category, specific measurement details, and a typical measurement display.

Procedure
1. Toview ahistogram of analysis category results, click a category in the selection pane.
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DFMA Result Viewer
Filtering with a Histogram

A histogram of the measurements for the category opens in the histogram pane. The
number of resultsin each bar of the histogram depends upon the user-defined resol ution.

Category

Testpoint to rout (STD)

Number of Spacing measurements
&

22484 - 345 -  T0A45- 9545 - 99466 -
22,464 24.45 70.45 05,45 09,466
Resolution: 1.00 % | mi

2. Adjust theresolution, if necessary.

3. To hide the category description and typical measurement, click ~§-’ .

4. Tofilter with the histogram, select the bar of resultsto view. For example, only those of
34.45 mil.

5. Click the Next Result button on the toolbar.

The first of the 6 results of 34.45 mil displaysin the graphic area. The result details
display instead of the histogram. The counter saysthisisthe first of six results.

Cateqory
Measured

Range
Lavyer
Checklist
Ackion
Model
Flags

Elermnents
Met name

Testpoint to rout {STD)
34.45mil lof6

tp2r  =112.5125 1375
sigh

analysis

Teskpoint Analysis

STD

Wiewed

r33
[RSZ32GND

r1z5

After viewing all six results, clicking the Next Result button moves the view to the next

category.
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DFMA Result Viewer
Flagging Results

Flagging Results

Y ou can flag results to be reported as you investigate the measurements of a category. Y ou can
flag individual results, all results of a category, or agroup of resultsin a category. If a
measurement already flagged for reporting has undergone changes, flagging it again overwrites
the previous data with the new data.

Procedure
1. Select acategory or entity in the tree for review.
2. Click the Next Result | p | button in the toolbar.

The first measurement displaysin the graphic area, and details of the measurement
display instead of the histogram for the category.

3. Assign the Report flag by doing one of the following:

If you want to report: Do this:
A singleresult With the measurement displaying in the graphic area, click the

Report One button. &

Y ou can repest this action for as many measurements as
necessary.

All results of a category 1. Select the category in the tree.
2. Click the Report All button. 5

A group of results 1. In the histogram for a category, right-click one of the bars.
2. In the popup menu that opens, choose Report.

Creating a Results Report

Asyou review results, you can choose measurements to be reported. When you finish your
review, you can generate areport of these results.

Note
Creating aresultsreport requires alicense. If the license is not available, features relating to

reporting do not display.

Procedure

1. Make surethat all results you want to include are flagged for reporting. See “Flagging
Results’ on page 264.

2. Select File > Save to save the work performed on the job.
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DFMA Result Viewer
Creating a Results Report

3. Inthe main menu, select Tools > Generate Report.

The MRA Report dialog box opens.

it MRA Report @
Title: Component Analysis
Lower Right Corner o
Descripkion:

Moke the extreme density
Job description;

| Include top side view | Include bottom side view
Logo: _
Savein;  DufTemplateficons/maroon_large. jpg )
Format: [HTML = | [V] Open in Web browser [ [0]'4 l | Zancel |

4. Onthe Header tab, enter atitle, description, job description. (optional)

5. Mark Include top side view and Include bottom side view if you want an image of the
board side(s) to display in the report.

6. If you want to place a company/department logo on the report, enter a path to the file.
Logos must be in JPEG format only.

7. In Savein, enter the location where to save the report, or click the browse button,
navigate to the location, and double-click it.

8. InFormat, select either HTML or XML.
9. To openthereport in your default browser after saving it, mark Open in Web browser.

10. Click the Columnstab.
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Creating a Results Report

The Columns tab opens.

it MRA Report @
Available Colurmns Calurins in the Report
Azsessment-Area - Checklist
flodel Action
Measurement ) | | Category IE/
LocationX || — |Range —
Locationy 44 Sewverity I:/
Featurel 4| | Layer =]
4 -
Feature2 I:' Image I:/
Componentl H x
Component?
Metl -
Sawe in [/ Template/icons/maroon_large.jpg B
Format: |[HTML = | ¥ Openin'Web browser [ oK l | Cancel |

11. Move the columns you want in the report from the Available Columns list to the
Columnsin the Report list either by double-clicking the name or using the navigation
buttons between the columns.

12. When all required columns display on the right, use the navigation buttons on the right
to move them up or down in the order you want them to display across the report.

13. Click OK.

A report in either HTML or XML format is generated and stored at the specified
location.

Examples
Figure 11-1. MRA Report in XML

=?xml wversion="1.0" encoding="UTF-8"7>
<Reports
<ReportHeader>
<Title text="Component Analysis"™ /=
<Description text="Lower Right Corner" /=
<Date date="Monday, November 18, Z01E" /=
=Job description="Note the extreme density" stepName="rewv a"
jobName="demo design bharuch" /=
<TopView
image="/9]/44203k 2TRgABAQEAYARgAAD/ EwEDAAYGEByc5EQyHEwe JC Qg RDEQNDASLD]
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GrISRIY

Job: dcs.950102 Step: pch

Figure 11-2. MRA Report in HTML

Description
Description text for this report.

Can be a few lines of text.

Job Description
Description of this job.
Can also be a few lines.

Top View

Demo MRA Report

Bottom View

Wedhesday, November 13, 20135

Category Measurement |Layer (LocationX |Location¥ |Featurel Feature2 Compl Comp2 Netl Nei2 Image Overview

Stibs 5 2 Sl legend [3.2076391

Stubbed Via 200 x 20rmil drill

Ilissing Holes Ol drll
Close Holes  2.9301ml drill
Close Holes  9.93%rmil drll
Close Holes 29351l drill

6413

12598425

5 6141366

5 A141366

44094853

[.5A27118

2708

H.2902126

22350803

2318463

4E81537

sl

x50

¥110.236  r19685

rl10236 119685

r110.236  [r19683

[ . .
[ . .
- . .

DFM Analyses User Guide, NPI111.0

May 2019

267



DFMA Result Viewer
Creating a Results Report

268 DFM Analyses User Guide, NPI11.0
May 2019

Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



Third-Party Information

This section provides information on open source and third-party software that might be included in the product.

This software application may include a modified version of Cygwin version 1.7.3.5 third-party software.
Cygwin version 1.7.3.5 is distributed under the terms of the GNU General Public License version 3.0 and is
distributed on an "AS IS" basis, WITHOUT WARRANTY OF ANY KIND, either express or implied. See the
license for the specific language governing rights and limitations under the license. Y ou can view a copy of the
license at: <your_Mentor_Graphics _documentation_directory>/legal/gnu_gpl_3.0.pdf. Portions of this software
may be subject to the GNU General Public License version 2.0. Y ou can view acopy of the GNU General Public
License version 2.0 at: <your_Mentor_Graphics_documentation_directory>/legal/ gnu_gpl_2.0.pdf. Portions of
this software may be subject to the GNU Free Documentation License version 1.3. You can view a copy of the
GNU Free Documentation License version 1.3 at: <your_Mentor_Graphics_documentation_directory>/legal/
gnu_free_doc_1.3.pdf. Portions of this software may be subject to the GNU Lesser General Public License
version 2.1. You can view a copy of the GNU Lesser General Public License version 2.1 at:
<your_Mentor_Graphics_documentation_directory>/legal/gnu_Igpl_2.1.pdf. To obtain a copy of the Cygwin
version 1.7.3.5 source code, send arequest to request_sourcecode@mentor.com. Cygwin version 1.7.3.5 may be
subject to the following copyrights:

© 1982, 1986, 1991, 1993, 1994 The Regents of the University of California. All rights reserved.
© UNIX System Laboratories, Inc.

All or some portions of this file are derived from material licensed to the University of Californiaby American
Telephone and Telegraph Co. or Unix System Laboratories, Inc. and are reproduced herein with the permission
of UNIX System Laboratories, Inc.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. All advertising materials mentioning features or use of this software must display the following
acknowledgment: This product includes software developed by the University of California, Berkeley and its
contributors.

4. Neither the name of the University nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE REGENTS AND CONTRIBUTORS “"AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1981-2000 The Regents of the University of California.
©1995 Matt Thomas (thomas@l kg.dec.com)
All rights reserved.



Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

* Redistributions of source code must retain the above copyright naotice, this list of conditions and the following
disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

* Neither the name of the University nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED
AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1990,1994 The University of Utah and the Computer Systems Laboratory (CSL). All rights reserved.

Permission to use, copy, modify and distribute this software is hereby granted provided that (1) source code
retains these copyright, permission, and disclaimer notices, and (2) redistributions including binaries reproduce
the notices in supporting documentation, and (3) all advertising materials mentioning features or use of this
software display the following acknowledgment: "~ This product includes software developed by the Computer
Systems Laboratory at the University of Utah."

THE UNIVERSITY OF UTAH AND CSL ALLOW FREE USE OF THIS SOFTWARE IN ITS"AS IS"
CONDITION. THEUNIVERSITY OF UTAH AND CSL DISCLAIM ANY LIABILITY OF ANY KIND FOR
ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE.

CSL requests users of this software to return to csl-dist@cs.utah.edu any improvements that they make and grant
CSL redistribution rights.

© IBM Corp. 2005-2009© 2015 Rolls-Royce Controls and Data Services Limited.

© 2013 Andes Technology Corporation.

© 2001,2006, 2007 International Business Machines Corporation, Sony Computer Entertainment, Incorporated,
Toshiba Corporation,

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

* Neither the name of IBM nor the names of its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR



SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED
AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1995, 2002, 2004, 2008, 2009 Xilinx, Inc. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of Xilinx nor the names of its contributors may be used to endorse or promote products
derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDER AND CONTRIBUTORS "ASIS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUEMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED
AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 2010 CodeSourcery, Inc.
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

* Neither the name of CodeSourcery nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY CODESOURCERY, INC. “"ASIS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL CODESOURCERY BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERW!ISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

© 2011, Adapteva, Inc.
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:



* Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

* Neither the name of Adapteva nor the names of its contributors may be used to endorse or promote products
derived from this software without specific prior written permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED
AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1990, 2007 The Regents of the University of California.
All rights reserved.

Redistribution and use in source and binary forms are permitted provided that the above copyright notice and this
paragraph are duplicated in all such formsand that any documentation, advertising materials, and other materials
related to such distribution and use acknowledge that the software was devel oped by the University of California,
Berkeley. The name of the University may not be used to endorse or promote products derived from this software
without specific prior written permission. THIS SOFTWARE IS PROVIDED “ASIS' AND WITHOUT ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, WITHOUT LIMITATION, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

©1992, 1993, 1994 Henry Spencer.

All rights reserved.

This software is not subject to any license of the American Telephone and Telegraph Company or of the Regents
of the University of California.

Permission is granted to anyone to use this software for any purpose on any computer system, and to alter it and
redistribute it, subject to the following restrictions:

1. The author is not responsible for the consequences of use of this software, no matter how awful, even if they
arise from flawsinit.

2. The origin of this software must not be misrepresented, either by explicit claim or by omission. Since few
users ever read sources, credits must appear in the documentation.

3. Altered versions must be plainly marked as such, and must not be misrepresented as being the original
software. Since few users ever read sources, credits must appear in the documentation.

4. This notice may not be removed or altered.

© 1995, 1996, 1997, 1998, and 1999 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met: 1. Redistributions of source code must retain the above copyright notice, thislist of
conditions and the following disclaimer.2. Redistributions in binary form must reproduce the above copyright
notice, thislist of conditions and the following disclaimer in the documentation and/or other materials provided
with the distribution.3. Neither the name of the project nor the names of its contributors may be used to endorse
or promote products derived from this software without specific prior written permission.



THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "ASIS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1984,2000 S.L. Moshier

Permission to use, copy, modify, and distribute this software for any purpose without fee is hereby granted,
provided that this entire notice is included in all copies of any software which is or includes a copy or
modification of this software and in al copies of the supporting documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, THE AUTHOR MAKES NO REPRESENTATION OR WARRANTY OF
ANY KIND CONCERNING THE MERCHANTABILITY OF THIS SOFTWARE OR ITS FITNESS FOR
ANY PARTICULAR PURPOSE.©

1988 Stephen Deering.
© 1992, 1993 The Regents of the University of California. All rights reserved.

This codeis derived from software contributed to Berkeley by Stephen Deering of Stanford University.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. All advertising materials mentioning features or use of this software must display the following
acknowledgment: This product includes software developed by the University of California, Berkeley and its
contributors.

4. Neither the name of the University nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE REGENTS AND CONTRIBUTORS ""AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1989 Carnegie Mellon University.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.



3. Neither the name of the University nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY CARNEGIE MELLON UNIVERSITY AND CONTRIBUTORS "AS
IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE UNIVERSITY OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 2002 Red Hat Incorporated.
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

The name of Red Hat Incorporated may not be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL RED HAT INCORPORATED BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,
BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY
OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 2005-2013 ARM Ltd
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. The name of the company may not be used to endorse or promote products derived from this software without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY ARM LTD "ASIS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL ARM LTD BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR



BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

© 1991 by AT&T.

Permission to use, copy, modify, and distribute this software for any purpose without fee is hereby granted,
provided that this entire notice is included in all copies of any software which is or includes a copy or
modification of this software and in al copies of the supporting documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR AT&T MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY OF
THIS SOFTWARE OR ITSFITNESS FOR ANY PARTICULAR PURPOSE.

© 1993-2005 Axis Communications.
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1.Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2.Neither the name of Axis Communications nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY AXIS COMMUNICATIONS AND ITS CONTRIBUTORS "ASIS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL AXIS COMMUNICATIONS OR ITS CONTRIBUTORS BE
LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING
IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

© 1993 Intel Corporation

Intel hereby grants you permission to copy, modify, and distribute this software and its documentation. Intel
grants this permission provided that the above copyright notice appearsin al copies and that both the copyright
notice and this permission notice appear in supporting documentation. In addition, Intel grants this permission
provided that you prominently mark as "not part of the original" any modifications made to this software or
documentation, and that the name of Intel Corporation not be used in advertising or publicity pertaining to
distribution of the software or the documentation without specific, written prior permission. Intel Corporation
provides this AS IS, WITHOUT ANY WARRANTY, EXPRESS OR IMPLIED, INCLUDING, WITHOUT
LIMITATION, ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. Intel makes no guarantee or representations regarding the use of, or the results of the use of, the
software and documentation in terms of correctness, accuracy, réeliability, currentness, or otherwise; and you rely
on the software, documentation and results solely at your own risk.

IN NO EVENT SHALL INTEL BE LIABLE FOR ANY LOSS OF USE, LOSS OF BUSINESS, LOSS OF
PROFITS, INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES OF ANY KIND. IN
NO EVENT SHALL INTEL'STOTAL LIABILITY EXCEED THE SUM PAID TO INTEL FOR THE
PRODUCT LICENSED HEREUNDER.



© 1994 Adam Glass and Charles Hannum. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. All advertising materials mentioning features or use of this software must display the following
acknowledgment: This product includes software developed by Adam Glass and Charles Hannum.

4. The names of the authors may not be used to endorse or promote products derived from this software without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE AUTHORS “"AS IS* AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL THE AUTHORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

© 1995 Alex Tatmanjants alex@elvisti.kiev.ua at Electronni Visti 1A, Kiev, Ukraine.© 1996-1997 John D.
Polstra.

© 1997 by Andrey A. Chernov, Moscow, Russia.

© 1998, Larry Lile

© 1998, M. Warner Losh imp@freebsd.org© 1998-2002 Luigi Rizzo, Universita’ di PisaPortions ©2000
Akamba Corp.

© 1998-2002 L uigi RizzoWork partly supported by: Cisco Systems, Inc. - NSITE lab, RTP, NC

© 1998 Brian Somers brian@Awfulhak.org

© 1999,2000,2001 Jonathan Lemon jlemon@FreeBSD.org

© 1999-2000 by Maksim Y evmenkin m_evmenkin@yahoo.com© 1999 Citrus Project,

© 2000, 2001, 2008, 2011, David E. O'Brien

© 2000, 2001 Alexey Zelkin phantom@FreeBSD.org

© 2001 Daniel Eischen <deischen@FreeBSD.org>.

© 2002-2004 Tim J. Robbins.

© 2002 Mike Barcroft mike@FreeBSD.org

© 2003, Artem B. Bityuckiy, SoftMine Corporation. Rights transferred to Franklin Electronic Publishers.
© 1999,2000, Konstantin Chuguev.

© 2004 Stefan Farfeleder.

© 2008 Ed Schouten ed@FreeBSD.org

© 2009, 2010, 2011, 2013 Chris Faylor

© 2010 David Xu davidxu@freebsd.org

© 2014, Hesham ALMatary© 2002 Niels Provos <provos@citi.umich.edu>

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR “ASIS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,



EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

© 1996, 1998 Cygnus Support. 2012 Andes Porting.
All rights reserved.

Redistribution and use in source and binary forms are permitted provided that the above copyright notice and this
paragraph are duplicated in all such formsand that any documentation, advertising materials, and other materials
related to such distribution and use acknowledge that the software was developed at Cygnus Support, Inc.
Cygnus Support, Inc. may not be used to endorse or promote products derived from this software without
specific prior written permission. THIS SOFTWARE IS PROVIDED “AS1S" AND WITHOUT ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, WITHOUT LIMITATION, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

© 1996, 1998 The NetBSD Foundation, Inc.
© 2011 Red Hat, Inc.
All rights reserved.

This codeis derived from software contributed to The NetBSD Foundation by J.T. Conklin.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE NETBSD FOUNDATION, INC. AND CONTRIBUTORS "AS
IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE FOUNDATION OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1996-2010 Texas Instruments Incorporated
http://www.ti.com/

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met: Redistributions of source code must retain the above copyright notice, this list of
conditions and the following disclaimer.

Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

Neither the name of Texas Instruments Incorporated nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE



FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED
AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1996 Matthew R. Green
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. The name of the author may not be used to endorse or promote products derived from this software without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR “ASIS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

© 1997 Todd C. Miller <Todd.Miller@courtesan.com>
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. The name of the author may not be used to endorse or promote products derived from this software without
specific prior written permission.

THIS SOFTWARE IS PROVIDED “"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESSFOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THEAUTHOR BE
LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING
IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

© 1998-2001 by Lucent Technologies
All Rights Reserved

Permission to use, copy, modify, and distribute this software and its documentation for any purpose and without
fee is hereby granted, provided that the above copyright notice appear in all copies and that both that the
copyright notice and this permission notice and warranty disclaimer appear in supporting documentation, and



that the name of Lucent or any of its entities not be used in advertising or publicity pertaining to distribution of
the software without specific, written prior permission.

LUCENT DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE, INCLUDING ALL
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS. IN NO EVENT SHALL LUCENT OR
ANY OF ITSENTITIESBE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES
OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING
OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

© 1999 Kungliga Tekniska Hogskolan (Royal Institute of Technology, Stockholm, Sweden).
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of KTH nor the names of its contributors may be used to endorse or promote products
derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY KTH AND ITSCONTRIBUTORS "ASIS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL KTH OR ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

© 2001, MagniComp
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and

3. Neither the name of the MagniComp nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 2001 Christopher G. Demetriou
All rights reserved.



Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. The name of the author may not be used to endorse or promote products derived from this software without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR “AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERW!ISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN |IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

© 2009, Sun Microsystems, Inc.
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

- Redistributions of source code must retain the above copyright naotice, this list of conditions and the following
disclaimer.

- Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

- Neither the name of Sun Microsystems, Inc. nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED
AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 2010-2011,2013 Linaro Limited
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

* Neither the name of Linaro Limited nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS"ASIS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED



WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED
AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 2012-2015 MIPS Technologies, Inc., California.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, thislist of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of the MIPS Technologies, Inc., nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE MIPS TECHNOLOGIES, INC. "ASIS' AND ANY EXPRESS
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL THE MIPS TECHNOLOGIES, INC. BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

© 1998 Massachusetts I nstitute of Technology

Permission to use, copy, modify, and distribute this software and its documentation for any purpose and without
fee is hereby granted, provided that both the above copyright notice and this permission notice appear in all
copies, that both the above copyright notice and this permission notice appear in all supporting documentation,
and that the name of M.I.T. not be used in advertising or publicity pertaining to distribution of the software
without specific, written prior permission. M.I.T. makes no representations about the suitability of this software
for any purpose. It is provided "asis" without express or implied warranty.

THIS SOFTWARE IS PROVIDED BY M.I.T. "ASIS". M.I.T. DISCLAIMS ALL EXPRESS OR IMPLIED
WARRANTIES WITH REGARD TO THIS SOFTWARE, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. IN
NO EVENT SHALL M.I.T. BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERW!ISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

This software application may include 7z.exe version 7-Zip 15.14 third-party software. 7z.exe version 7-Zip
15.14 is distributed under the terms of the GNU General Public License version 2.0 and is distributed on an "AS
IS" basis, WITHOUT WARRANTY OF ANY KIND, either express or implied. See the license for the specific
language governing rights and limitations under the license. You can view a copy of the license at:
<your_Mentor_Graphics_documentation_directory>/legal/gnu_gpl_2.0.pdf. Portions of this software may be
subject to the GNU Lesser General Public License version 2.1. Y ou can view a copy of the GNU L esser General
Public License version 2.1 at: <your_Mentor_Graphics_documentation_directory>/legal/gnu_lgpl_2.1.pdf.



Portions of this software may be subject to the unRAR License. Y ou can view a copy of the unRAR License at:
<your_Mentor_Graphics_documentation_directory>/legal/unrar_free 2016.pdf. To obtain a copy of the 7z.exe
version 7-Zip 15.14 source code, send a request to request_sourcecode@mentor.com.

This software application may include Java SE version 8 third-party software. Java SE version 8 is distributed
under the terms of the Oracle Binary Code License Agreement for Java SE Platform Products and JavaFX and is
distributed on an “AS IS” basis, WITHOUT WARRANTY OF ANY KIND. See the license for specific
language governing rights and limitations under the license. You can view a copy of the license at:
<your_Mentor_Graphics documentation_directory>/legal/oracle binary jre javafx_8.pdf.

Additional copyright notices and license terms applicable to portions of the Java SE version 8 are set forth in the
THIRDPARTYLICENSEREADME file accessible here: http://www.oracle.com/technetwork/javaljavase/
documentation/index.html.

This software application may include Xerces C++ XML Parser version 3.1.3 third-party software. Xerces C++
XML Parser version 3.1.3 is distributed under the terms of the Apache License version 2.0 and is distributed on
an “AS|S’ basis, WITHOUT WARRANTY OF ANY KIND, either express or implied. See the license for the
specific language governing rights and limitations under the license. Y ou can view a copy of the license at:
<your_Mentor_Graphics_documentation_directory>/legal/apache 2.0.pdf.

This software application may include wxWidgets version 3.0.2 third-party software. wxWidgets version 3.0.2
is distributed under the terms of the wxWindows Library License version 3.1 and is distributed on an "AS IS’
basis, WITHOUT WARRANTY OF ANY KIND, either express or implied. See the license for the specific
language governing rights and limitations under the license. You can view a copy of the license at:
<your_Mentor_Graphics_documentation_directory>/legal/wx_windows library 3.1.pdf.

Portions of this software may be subject to Apache License version 2.0. Y ou can view a copy of the Apache
License version 2.0 at: <your_Mentor_Graphics_documentation_directory>/legal/apache 2.0.pdf.

To obtain a copy of the wxWidgets version 3.0.2 source code, send a request to
request_sourcecode@mentor.com. wxWidgets version 3.0.2 may be subject to the following copyrights:

© 1988-1997 Sam Leffler
© 1991-1997 Silicon Graphics, Inc.

©1996 USAF Phillips Laboratory ©Richard Nolde 2006-2010 ©2003, Andrey Kiselev
<dron@ak4719.spb.edu>

© 2012, Frank Warmerdam <warmerdam@pobox.com> © 2012, Tom Lane <tgl @sss.pgh.pa.us>

Permission to use, copy, modify, distribute, and sell this software and its documentation for any purpose is
hereby granted without fee, provided that (i) the above copyright notices and this permission notice appear in all
copies of the software and related documentation, and (ii) the names of Sam Leffler and Silicon Graphics may
not be used in any advertising or publicity relating to the software without the specific, prior written permission
of Sam Leffler and Silicon Graphics.

HE SOFTWARE IS PROVIDED "AS-IS" AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,
IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL SAM LEFFLER OR SILICON GRAPHICS BE LIABLE FOR ANY SPECIAL,
INCIDENTAL, INDIRECT OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER OR NOT ADVISED
OF THE POSSIBILITY OF DAMAGE, AND ON ANY THEORY OF LIABILITY, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

© 1991-1998, Thomas G. Lane.



All Rights Reserved except as specified below.

Permission is hereby granted to use, copy, modify, and distribute this software (or portions thereof) for any
purpose, without fee, subject to these conditions:

(1) If any part of the source code for this software is distributed, then this README file must be included, with
this copyright and no-warranty notice unaltered; and any additions, deletions, or changes to the original files
must be clearly indicated in accompanying documentation.

(2) If only executable code is distributed, then the accompanying documentation must state that "this softwareis
based in part on the work of the Independent JPEG Group".

(3) Permission for use of this software is granted only if the user accepts full responsibility for any undesirable
conseguences; the authors accept NO LIABILITY for damages of any kind.

These conditions apply to any software derived from or based on the 1JG code, not just to the unmodified library.
If you use our work, you ought to acknowledge us.

Permission is NOT granted for the use of any 1JG author's name or company name in advertising or publicity
relating to this software or products derived from it. This software may be referred to only as "the Independent
JPEG Group's software”.

© 1991 by the Massachusetts Institute of Technology

Permission to use, copy, modify, distribute, and sell this software and its documentation for any purpose is
hereby granted without fee, provided that the above copyright notice appear in all copies and that both that
copyright notice and this permission notice appear in supporting documentation, and that the name of M.I.T. not
be used in advertising or publicity pertaining to distribution of the software without specific, written prior
permission. M.l.T. makes no representations about the suitability of this software for any purpose. It isprovided
"asis" without express or implied warranty.

© 1997 Julian Smart.

Permission to use, copy, modify, and distribute this software and its documentation for any purpose is hereby
granted without fee, provided that the above copyright notice, author statement and this permission notice appear
in al copies of this software and related documentation.

THE SOFTWARE IS PROVIDED “AS-IS" AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,
IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL JULIAN SMART OR THE ARTIFICIAL INTELLIGENCE APPLICATIONS
INSTITUTE OR UNIVERSITY OF EDINBURGH BE LIABLE FOR ANY SPECIAL, INCIDENTAL,
INDIRECT OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY DAMAGES WHATSOEVER
RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER OR NOT ADVISED OF THE
POSSIBILITY OF DAMAGE, AND ON ANY THEORY OF LIABILITY, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

© 1997 Greg Ward Larson
© 1997 Silicon Graphics, Inc.

Permission to use, copy, modify, distribute, and sell this software and its documentation for any purpose is
hereby granted without fee, provided that (i) the above copyright notices and this permission notice appear in all
copies of the software and related documentation, and (ii) the names of Sam Leffler, Greg Larson and Silicon
Graphics may not be used in any advertising or publicity relating to the software without the specific, prior
written permission of Sam Leffler, Greg Larson and Silicon Graphics.



THE SOFTWARE IS PROVIDED "AS-1S" AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,
IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL SAM LEFFLER, GREG LARSON OR SILICON GRAPHICSBE LIABLE FOR ANY
SPECIAL, INCIDENTAL, INDIRECT OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER OR
NOT ADVISED OF THE POSSIBILITY OF DAMAGE, AND ON ANY THEORY OF LIABILITY,
ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

© 1996-1997 Sam Leffler
© 1996 Pixar

Permission to use, copy, modify, distribute, and sell this software and its documentation for any purpose is
hereby granted without fee, provided that (i) the above copyright notices and this permission notice appear in all
copies of the software and related documentation, and (ii) the names of Pixar, Sam Leffler and Silicon Graphics
may not be used in any advertising or publicity relating to the software without the specific, prior written
permission of Pixar, Sam Leffler and Silicon Graphics.

THE SOFTWARE IS PROVIDED "AS-1S" AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,
IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL PIXAR, SAM LEFFLER OR SILICON GRAPHICS BE LIABLE FOR ANY
SPECIAL, INCIDENTAL, INDIRECT OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER OR
NOT ADVISED OF THE POSSIBILITY OF DAMAGE, AND ON ANY THEORY OF LIABILITY, ARISING
OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

© 1989, 1993 The Regents of the University of California. All rights reserved.
This codeis derived from software contributed to Berkeley by Roger L. Snyder.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of the University nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE REGENTS AND CONTRIBUTORS ""AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSEARE
DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 1992, 1993 The Regents of the University of California.



All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, thislist of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. All advertising materials mentioning features or use of this software must display the following
acknowledgement:

This product includes software devel oped by the University of California, Berkeley and its contributors.

4. Neither the name of the University nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE |S PROVIDED BY THE REGENTS AND CONTRIBUTORS ""AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

© 2003 Ross Finlayson

Permission to use, copy, modify, distribute, and sell this software and its documentation for any purpose is
hereby granted without fee, provided that (i) the above copyright notices and this permission notice appear in all
copies of the software and related documentation, and (ii) the name of Ross Finlayson may not be used in any
advertising or publicity relating to the software without the specific, prior written permission of Ross Finlayson.

THE SOFTWARE IS PROVIDED "AS-IS" AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,
IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL ROSS FINLAYSON BE LIABLE FOR ANY SPECIAL, INCIDENTAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY DAMAGES WHATSOEVER RESULTING
FROM LOSS OF USE, DATA OR PROFITS, WHETHER OR NOT ADVISED OF THE POSSIBILITY OF
DAMAGE, AND ON ANY THEORY OF LIABILITY, ARISING OUT OF OR IN CONNECTION WITH THE
USE OR PERFORMANCE OF THIS SOFTWARE.

© 1990 by Sun Microsystems, Inc.

Author: Patrick J. Naughton

naughton@wind.sun.com

Permission to use, copy, modify, and distribute this software and its documentation for any purpose and without

feeis hereby granted, provided that the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation.



Thisfileis provided AS IS with no warranties of any kind. The author shall have no liability with respect to the
infringement of copyrights, trade secrets or any patents by this file or any part thereof. In no event will the
author be liable for any lost revenue or profits or other special, indirect and consequential damages.

© 1998-2003 by Neil Hodgson <neilh@scintilla.org>
All Rights Reserved

Permission to use, copy, modify, and distribute this software and its documentation for any purpose and without
fee is hereby granted, provided that the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation.

NEIL HODGSON DISCLAIMS ALL WARRANTIESWITH REGARD TO THIS SOFTWARE, INCLUDING
ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO EVENT SHALL NEIL
HODGSON BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

© 1996 Mike Johnson
© 1996 BancTec AB

Permission to use, copy, modify, distribute, and sell this software for any purpose is hereby granted without fee,
provided that (i) the above copyright notices and this permission notice appear in al copies of the software and
related documentation, and (ii) the names of Mike Johnson and BancTec may not be used in any advertising or
publicity relating to the software.

THE SOFTWARE IS PROVIDED "AS-1S* AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,
IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT SHALL MIKE
JOHNSON OR BANCTEC BE LIABLE FOR ANY SPECIAL, INCIDENTAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY DAMAGES WHATSOEVER RESULTING
FROM LOSS OF USE, DATA OR PROFITS, WHETHER OR NOT ADVISED OF THE POSSIBILITY OF
DAMAGE, AND ON ANY THEORY OF LIABILITY, ARISING OUT OF OR IN CONNECTION WITH THE
USE OR PERFORMANCE OF THIS SOFTWARE.

© 1987, 1988, 1998 The Open Group

Permission to use, copy, modify, distribute, and sell this software and its documentation for any purpose is
hereby granted without fee, provided that the above copyright notice appear in all copies and that both that
copyright notice and this permission notice appear in supporting documentation.

The above copyright notice and this permission notice shall be included in all copies or substantial portions of
the Software.

THE SOFTWARE IS PROVIDED "ASIS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
OPEN GROUP BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Except as contained in this notice, the name of The Open Group shall not be used in advertising or otherwise to
promote the sale, use or other dealings in this Software without prior written authorization from The Open
Group.

© 1987, 1990, 1991 by Digital Equipment Corporation, Maynard, Massachusetts.



All Rights Reserved

Permission to use, copy, modify, and distribute this software and its documentation for any purpose and without
fee is hereby granted, provided that the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that the name of Digital not be used in
advertising or publicity pertaining to distribution of the software without specific, written prior permission.

DIGITAL DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE, INCLUDING ALL
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO EVENT SHALL DIGITAL BE
LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF
CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION
WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

This software application may include Boost version 1.57.0, and is distributed on an “AS IS’ basis, WITHOUT
WARRANTY OF ANY KIND, either express or implied. Y ou can view all license and copyright information in
the <your_Mentor_Graphics_documentation_directory>/legal/05919 license info.txt file.

This software application may include EPPlus version 3.1.3.0, and is distributed on an “AS IS’ basis,
WITHOUT WARRANTY OF ANY KIND, either express or implied. Y ou can view all license and copyright
information in the <your_Mentor_Graphics documentation_directory>/legal/06248 _license info.txt file.



Note - Viewing PDF files within a web browser causes some links not to function. Use HTML for full navigation.



	InfoHub
	Table of Contents
	List of Tables
	Chapter 1 Design for Manufacture Analysis
	Category Format
	Analysis Constraints
	Internal Attribute Names
	Fabrication Analysis
	Assembly Analysis
	System

	Performing DFM Analysis
	Setting DFM Analysis Preferences for PADS Layout
	Modifying Analysis Constraints
	Creating Feature Attribute Rules
	Running DFM Analysis

	Terminology

	Chapter 2 Fabrication Analysis - Drill Checks
	Tests Performed in Drill Checks
	Attributes Used in Drill Checks
	Thermal Connection
	PCB Aspect Ratio
	Categories in Drill Checks
	PTH Summary (Hole Size)
	NPTH Summary
	Via Summary (Hole Size)
	Plated Slot Summary (Hole Size)
	Tooling Holes (Hole Size)
	Mounting Holes (Hole Size)
	Duplicate Holes (Hole Separation)
	Touching Holes (Hole Separation)
	Close Holes (Hole Separation)
	Missing Holes (Missing Holes)
	No Thermal (Thermal Connection)
	TH Aspect Ratio (PCB Aspect Ratio)

	ERF Parameters for Drill Checks
	ERF Variables for Drill Checks

	Chapter 3 Fabrication Analysis - Signal Layer Checks
	Tests Performed in Signal Layer Checks
	Attributes Used in Signal Layer Checks
	DFM Analysis Compatibility for Signal Layer Checks
	Annular Ring Measurement
	Sliver and Short Sliver Categories (Signal Layer Checks)
	Categories in Signal Layer Checks
	Via to Via (Spacing)
	Pad to Pad (Spacing)
	Pad to Circuit (Spacing)
	Circuit to Circuit (Spacing)
	Text to Text (Spacing)
	Text Touches Copper (Spacing)
	Spacing Length (Spacing)
	Same Net Spacing (Spacing)
	CAD Self Spacing (Spacing)
	NPTH to Pad (Drill)
	NPTH to Circuit (Drill)
	PTH to Copper (Drill)
	PTH to Copper Same Net (Drill)
	PTH Registration (Drill)
	NPTH Registration (Drill)
	NPTH Annular Ring (Drill)
	PTH Annular Ring (Drill)
	PTH (Comp) Annular Ring (Drill)
	Blind Via Annular Ring (Drill)
	Buried Via Annular Ring (Drill)
	Via to Copper (Drill)
	Tooling Hole to Exposed Copper (Drill)
	Pads (Size)
	Lines (Size)
	Shaved Line (Size)
	Text (Size)
	Line Neckdown (Size)
	Arc (Size)
	Shaved Arc (Size)
	Conductor Width (Size)
	Sliver (Sliver) (Signal Layer)
	Short Sliver (Sliver) (Signal Layer)
	Stubs (Stubs)
	SMD Pads (SMD)
	Exposed Via to Exposed Via (Exposure)
	Exposed Via to Exposed Copper (Exposure)

	ERF Parameters for Signal Layer Checks
	ERF Variables for Signal Layer Checks

	Chapter 4 Fabrication Analysis - Power and Ground Checks
	Tests Performed in Power and Ground Checks
	Attributes Used in Power and Ground Checks
	DFM Analysis Compatibility for Power and Ground Checks
	Sliver and Short Sliver Categories (Power and Ground)
	Categories in Power and Ground Checks
	NPTH to Copper (Drill)
	PTH Annular Ring (Drill)
	PTH to Copper (Drill)
	Via to Copper (Drill)
	PTH Contains Clearance (Drill)
	Via Contains Clearance (Drill)
	PTH to Plane (Drill)
	Via to Plane (Drill)
	NPTH to Plane (Drill)
	NPTH Contains Copper (Drill)
	Missing Cu for Vias (Drill)
	PTH Registration (Drill)
	NPTH Registration (Drill)
	Via Registration (Drill)
	Sliver (Sliver) (Power and Ground)
	Short Sliver (Sliver) (Power and Ground)
	Spoke Width (Thermal)
	Thermal Connect Reduction (Thermal)
	Plane Spacing (Plane Spacing)
	Segmentation Lines (Plane Spacing)

	ERF Parameters for Power and Ground Checks
	ERF Variables for Power and Ground Checks

	Chapter 5 Fabrication Analysis - Solder Mask Checks
	Tests Performed in Solder Mask Checks
	Attributes Used in Solder Mask Checks
	DFM Analysis Compatibility for Solder Mask Checks
	Sliver and Short Sliver Categories (SM)
	Polarity for Solder Mask Layers
	Categories in Solder Mask Checks
	PTH Annular Ring (Drill)
	NPTH Annular Ring (Drill)
	Via Annular Ring (Drill)
	NPTH Touches Mask (Drill)
	PTH Gasket (Drill)
	Via Gasket (Drill)
	SMD Annular Ring (Pads)
	Pad Annular Ring (Pads)
	PTH Pad Annular Ring (Pads)
	NPTH Pad Annular Ring (Pads)
	Via Pad Annular Ring (Pads)
	SMD Pad Gasket (Pads)
	PTH Pad Gasket (Pads)
	NPTH Pad Gasket (Pads)
	Via Pad Gasket (Pads)
	Undrilled Pad Gasket (Pads)
	Coverage (Coverage)
	SM Sliver (Sliver)
	SM Short Sliver (Sliver)
	Missing SMD Clearance (Missing)
	Missing Undrilled Pad Clearance (Missing)
	Missing NPTH Clearance (Missing)
	Missing PTH Clearance (Missing)
	Missing Via Clearance (Missing)
	Missing Testpoint Clearance (Missing)
	Pad to Pad Spacing (Spacing)
	Pad to Non-Pad Spacing (Spacing)
	Non-Pad to Non-Pad (Spacing)
	Extra SM - Missing Copper (Extra)

	ERF Parameters for Solder Mask Checks
	ERF Variables for Solder Mask Checks

	Chapter 6 Fabrication Analysis - Silk Screen Checks
	Tests Performed in Silk Screen Checks
	Attributes Used in Silk Screen Checks
	Grouping of Silk Screen Results
	Limitations in Silk Screen Checks
	Categories in Silk Screen Checks
	SM Clearance (SM Clearance)
	SMD Clearance (SMD Clearance)
	PTH Pads Clearance (Pad Clearance)
	Via Pads Clearance (Pad Clearance)
	NPTH Pads Clearance (Pad Clearance)
	Undrilled Pads Clearance (Pad Clearance)
	NPTH Clearance (Hole Clearance)
	PTH Clearance (Hole Clearance)
	Via Clearance (Hole Clearance)
	Line Widths (Line Width)
	String Line Width (String Properties)

	ERF Parameters for Silk Screen Checks
	ERF Variables for Silk Screen Checks

	Chapter 7 Fabrication Analysis - Board-Drill Checks
	Attributes Used in Board-Drill Checks
	Categories in Board-Drill Checks
	Via to Via
	Via to PTH
	Via to NPTH
	Via to Rout
	PTH to PTH
	PTH to NPTH
	PTH to Rout
	NPTH to NPTH
	NPTH to Rout

	ERF Parameters for Silk Screen Checks
	ERF Variables for Silk Screen Checks

	Chapter 8 Assembly Analysis - Component Analysis
	Tests Performed in Component Analysis
	Attributes Used in Component Analysis
	Component Outline
	Dynamic Categories
	Classification by Process Area
	Classification by Component Type
	Example of User-Defined Component Type Classification
	Classifying Results by a User Defined Component Attribute
	Classification by Component Side

	Categories in Component Analysis
	Comp. Under Component (Spacing)
	Comp. Overlap (Spacing)

	ERF Parameters for Component Analysis
	ERF Variables for Component Analysis

	Chapter 9 Assembly Analysis - Testpoint Analysis
	Tests Performed in Testpoint Analysis
	Attributes Used in Testpoint Analysis
	Categories in Testpoint Analysis
	Testpoint to Testpoint (Spacing)
	Testpoint to Exposed Copper (Spacing)
	Testpoint Density (Spacing)

	ERF Parameters for Testpoint Analysis
	ERF Variables for Testpoint Analysis

	Chapter 10 Assembly Analysis - Solderpaste Analysis
	Tests Performed in Solderpaste Analysis
	Attributes Used in Solderpaste Analysis
	Categories in Solderpaste Analysis
	Non-SMD Pads with Solderpaste (SMD)
	SMD Pad Without Solderpaste (SMD)

	ERF Parameters for Solderpaste Analysis
	ERF Variables for Solderpaste Analysis

	Chapter 11 DFMA Result Viewer
	Result Viewer Workspace
	Layer List
	Result Categories Pane
	Details Pane
	Overview Pane
	Board View of the Result

	Result Viewer Tools
	Grid and Snap Options
	Setting Grid and Snap Options
	Locations of Snap Points
	Snap Hot Keys

	Filtering and Reporting Results
	Filtering by Layer
	Filtering by Board Area
	Filtering with a Histogram
	Flagging Results
	Creating a Results Report


	Third-Party Information
	Documentation Feedback

