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1. HQDFM

1.1. What is DFM?

Design for Manufacture (DFM) is a methodology that integrates manufacturing considerations at the product
design stage. The goal is to ensure the product can be efficiently manufactured and optimized for cost and

quality.

Many manufacturing challenges can be resolved or minimized with adequate insight into the intended production
methods and the impact of certain design choices. Designing a product involves a tight balance between the
design specification — including aesthetics, functionality and usability — and manufacturability, which ties into
cost and can have a significant impact on product quality and wastage.

For electronics assemblies and PCB design, DFM equates to verifying the manufacturability and assembly of a
PCB and it’s components, which can be further divided into PCB DFM and PCBA DFA for practical purposes.
Through experience and training, design engineers can vastly improve efficiency by reducing prototype cycles
when developing a new product. As much as 80% of production defects are caused by non-standard or poor
design while 60% of a product’s total cost is determined in the design stage, highlighting DFM’s role in product
success.

1.1.1. DFM Rule of 10

The DFM Rule of 10 or 10x rule highlights how the cost of fixing a design error increases exponentially the
later it is caught. This can be applied to the entire product development cycle but is also apparent during a
single production run.

DFM Rule of 10 for Electronics Hardware

Cost of Change

v

Timeline

Figure 1-1: Chart illustrating the exponential increase in costs when issues are detected later in development
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1.2. Why DFM and DFA Matter?

Despite the advanced precision of modern automated assembly systems, enterprises are still prone to encountering
sub-optimal product quality and consistency. While material defects and assembly errors contribute, many issues
originate from the PCB design.

DFM (Design for Manufacturability) delivers significant advantages beyond just ensuring manufacturability. By
aligning design intent with manufacturing capabilities, developers gain substantial benefits—including cost
reduction, enhanced efficiency, and greater product reliability through proactive issue prevention.

1.2.1. Optimizing for production and efficiency

A rigorous DFM inspection protocol, combined with state-of-the-art equipment, is indispensable for ensuring
seamless production and end-product reliability.

If the product design does not align with the company's production capabilities and exhibits poor
manufacturability, it will require greater investment of manpower, materials, and finances to achieve the
desired outcomes. This can lead to delayed deliveries or even the risk of losing market share.

1.2.2. Streamlining New Product Development

When developing new products, neglecting to establish proper DFM specifications can lead to assembly
issues that are only discovered in the later stages of development or even during mass production.
Attempting to correct problems at this late stage will undoubtedly increase development costs and prolong
production cycles.

Therefore, in addition to product functionality, integrating DFM principles is crucial throughout the new
product development process. By doing so, enterprises can identify and address manufacturability challenges
upfront, mitigating the risk of costly and time-consuming revisions down the line.

1.2.3. Optimizing High Density Designs

The electronics industry's demand for smaller, more powerful devices is driving PCB designs towards ever-
increasing density. Circuits are being pushed to feature finer and more closely-spaced traces, smaller hole
diameters, advanced via technologies, and more complex structures.

This trend towards higher-density PCB designs amplifies the need for precise, comprehensive Design for
Manufacturability (DFM) analysis techniques and tools to achieve first-pass success, reduce costs, and
accelerate time-to-market.

1.2.4. Standardizing Documentation

Improper design or unclear fabrication guidelines can create significant challenges on the factory floor. When
produced boards fail to meet requirements or need to be scrapped, the costs of rectifying these issues and
the resulting impact on the production cycle can be substantial. DFM helps by standardizing technical
documentation and aligning intent, particularly when it comes to PCB fabrication data, since PCB fabrication
data is represented graphically which can be prone to misinterpretation.

1.2.5. Ensuring Compatibility with Automated Assembly
Surface Mount Technology (SMT) is characterized by high automation and high-speed manufacturing, relying
heavily on specialized equipment. Subsequently, they have specific requirements regarding the size, shape,

reference points, and component layout of the PCBs and panel to ensure compatibility. DFM can verify the
panel design including checking the presence of fiducial markers and tooling margins.

(HI NextPCB ?
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1.2.6. Minimizing Non-Production Related Design Errors

Design flaws that do not directly impact manufacturability are often addressed under DFM. This is because
design mistakes, even those unrelated to production, can be fatal - impacting entire batches and potentially
being mistaken for manufacturing issues. Expanding DFM's scope helps mitigate these broader design risks
and improve reliability in the long-term.

1.3. PCB DFM and PCBA DFA

Since PCB fabrication and assembly are often undertaken by separate parties, even within the same company, it
makes sense to align manufacturing considerations for a product with the priorities and responsibilities of the
respective party i.e. bare board (PCB DFM) for fabricators, and assembly optimization (PCBA DFA) for CM partners.
As such, the term DFM may mean different things to different parties.

When PCB fabricators mention DFM review, they often refer to the Design for manufacturability analysis of bare
printed circuit board designs. However, for contract manufacturers and assembly houses, DFM likely refers to PCBA
Design for Assembly, that is, analyzing how the circuit board and components match and how the design may
impact assembly.

In HQDFM, DFM analysis is distinctively divided into PCB DFM and PCB assembly DFA, both of which are essential to
the successful production of a product. In future discussions, the term DFM refers to both PCB DFM and PCBA DFA
unless otherwise mentioned.

Although most PCB fabrication and assembly providers also perform DFM/DFA review, their depth and reliability
vary considerably. Typically, suppliers conduct these reviews out of necessity—primarily to verify that designs meet
their manufacturing capabilities and contain sufficient documentation. Advanced suppliers may provide more
thorough analyses, but since DFM/DFA checks usually occur after order submission, an in-depth review may
introduce significant delays for marginal benefit. As a result, suppliers typically flag only the most critical errors.

1.4. What is HQDFM?

HQDFM is a free PCB DFM analysis tool developed by NextPCB for viewing PCB manufacturing files and performing
quick DFM and DFA analysis. Covering over 150 design for manufacture and assembly issues, HQDFM provides
actionable insights to help users enhance reliability, reduce costs and streamline production.

HQDFM takes a comprehensive approach, considering PCB manufacturability, assembly, and testing throughout the

product life-cycle. By closely integrating design and manufacturing, HQDFM maximizes the chances of first-time
success as products move from design to production.
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® nextpcb.com/dfm


https://www.nextpcb.com/dfm/?utm_source=HQDFM_Manual%26utm_medium=PDF%26utm_campaign=HQDFM_PDF_V1

HQDFM User Manual

A HQDFM shifts the

number of changes
forward to earlier
in the design phase

Problems found o
v

early on are easier HO =
and cheaper to Eiig Errors accumulate
Number of resolve as a design matures,
. rading to cos
Changes leading to costly

changes
&

—»

x1 x10 x100 x1000
Cost of Change Multiplier

Figure 1-2: HQDFM impact on reducing development costs by detecting issues earlier in the design phase.

HQDFM also provides a suite of tools for PCB designers, contract manufacturers and PCB fabrication houses to
extract useful information from manufacturing data.

1.4.1. HQDFM Key Features

Gerber Viewer: Dedicated workspace for displaying PCB graphical data including navigating individual

layers with zoom, pan and snap options, dimensional analysis and various viewing modes such as realistic
and CAM modes.
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Figure 1-3: HQDFM standard Gerber viewer interface

DFM Analysis: One-click Design for Manufacture (DFM) analysis and parameter extraction for bare printed
circuit board designs using HQDFM algorithms. Based on PCB production data only (Gerber, drill, ODB++).
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Figure 1-4: HQDFM PCB DFM analysis interface

DFA Analysis: PCBA Design for Assembly (DFA) analysis for populated electronic assemblies (including the
PCB and electronic components) using HQDFM algorithms. Requires the Bill of Materials (BOM) and
Centroid (pick-and-place) data in addition to PCB production data.
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Footprint Checker: Quick and easy automated footprint checker covering over 6 million parts and growing.
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Figure 1-6: HQDFM footprint checking interface
1.4.2. HQDFM Tools

Panelization Tool: Create panelized data purely from the production files quickly and easily. Customize
everything from layouts, margin widths, board spacings and add tabs, stamp holes and Fiducial marks in a
single interface. Or use the Smart Panelization tool to give suggested layouts based on Raw Panel Size to
maximum utilization rates.

Impedance Calculator: Quickly calculate controlled impedance for multiple traces simultaneously using
parameters such as trace geometry, material properties and layer stackup. HQDFM'’s impedance
calculator supports various trace types (single-ended, differential, co-planar) and transmission line
structures including Microstrip, Embedded Microstrip, Stripline and Dual Stripline

BOM Checker and Centroid File editing: Perform simple time-saving and potentially project-saving BOM
checks with a single-click and edit Centroid files in a simple spreadsheet like interface with real-time visual
feedback.

Compare Gerber Files/BOM Files: Never send the wrong files again with HQDFM’s Compare Gerber and
BOM file tools. Track changes across versions and identify differences between after automated file
operations in seconds.
And many more tools including Utilization Rate Calculator, Solder Pad Count, Routing Distance,
Component Search, Net Length Calculator, Copper Area Calculator.

1.4.3. What can and can’t HQDFM do?
Can:
Open and view PCB production data. HQDFM can be used to open and navigate PCB production data
including Gerber files in RS-274x, X2 and X3 format (additional X3 information is not currently utilized),
Excellon NC drill files in Excellon format and ODB++ files. As PCB manufacturing data is typically graphical

in nature, HQDFM also offers a graphical interface for viewing the individual layers of a PCB.

Production data is typically exported in industry standard formats (e.g. Ucamco Gerber format). However,
the accuracy of the produced data depends on the accuracy of the implementation in the ECAD tool.
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Likewise, different manufacturers have different interpretations of the same set of data, resulting in
discrepancies and misunderstandings. By understanding how manufactures understand and use
production data, designers can facilitate communication with manufacturers and avoid mistakes.

Can’t:

Design PCBs - HQDFM is not a PCB design tool. HQDFM is designed to be used in conjunction with ECAD
tools such as KiCad and Altium to verify the production data exported before hand-off. For most design-
based errors, designers should make modifications to the original ECAD design file if possible and re-
export the PCB production data and repeat analysis.

Reverse engineer PCBs i.e. Gerber to PCB file. - HQDFM can only utilize the data provided. It cannot
generate schematic information, ECAD design files, missing layers or auto-create Centroid (pick-and-place)
data etc. Tools in HQDFM can be used to manually build centroid files, modify and export modified Gerber
files and find connections using the netlist. However, these features require specialized PCB engineering
knowledge and should be used with care to avoid errors.

Ensure your design is manufacturable - HQDFM cannot guarantee that 1) your design can or cannot be
manufactured or 2) the fab house will not report errors (EQs or engineer questions). The can be due to a
multitude of reasons:

= Each manufacturer’s requirements and standard processes vary.

= Accuracy of error reporting may depend on the quality of the provided data, which is determined by
the ECAD software.

= Some aspects of a design cannot be reliably determined from the production files and 100%
coverage is impossible. Like all validation tools, HQDFM helps reduce errors and streamlines their
detection using the available data.

= HQDFM’s DFM and DFA analysis features are designed for rigid PCB constructions and include
limited support for HDI boards. Flex, rigid-flex, other specialized board types and features are

currently not supported though these may be added in the future.

HQDFM should be used in conjunction with user experience and knowledge of the design requirements
and should not be used as a substitute for human experience and validation.

1.5. Installing HQDFM International

1.5.1. System requirements:
a) Windows 7, Windows 10 or Windows 11 operating system
b) At least 1.12GB of disk space
¢) Graphics card with OpenGL version 1.0 and above support
1.5.2. Installation steps:

1. Download HQDFM from NextPCB at https://www.nextpcb.com/dfm

2. Extract the contents of the zip file and double-click the installation package to start the installation wizard.
If you receive a warning preventing an unrecognized app from starting, click [Run] or click [More info] then
[Run anyway] on Windows 11 systems and similarly on older systems.
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Windows protected your PC

Microsoft Defender SmartScreen prevented an unrecognized app from
starting. Running this app might put your PC at risk.

App: HQDFM International Setup(V4.3).exe
Publisher: Unknown publisher

=

Figure 1-7: Windows 11 SmartScreen pop-up

3. The default installation path is C:\Program Files\HQDFM International which can be changed. Click [Next].

E Setup - HQDFM International

Select Destination Location H
Where should HQDFM International be instaled? .

Setup will install HQDFM International into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

C:\Program Files\HQDFM International Browse...

Af least 587.0 MB of free disk space is reguired.

Figure 1-8: HQDFM program installation directory

4. Click [Next] to create a Start Menu shortcut in the folder indicated.
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E Setup - HQDFM International

Select Start Menu Folder H
Where should Setup place the program's shortcuts?

E Setup will create the program’s shortcuts in the following Start Menu folder.
L=}

To continue, click Next. If you would like to select a different folder, click Browse.

HQDFM Internationall

Browse...

< Back Next = Cancel

Figure 1-9: Start menu shortcut creation

5. Choose whether to create desktop and Quick Launch shortcuts then click [Next].

E Setup - HQDFM International

Select Additional Tasks H
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while instaling HQDFM
International, then click Next.

Additional shortcuts:
B Create a desktop shortcut
B Create a Quick Launch shortcut

< Back Next = Cancel

Figure 1-10: Desktop and quick launch shortcut creation

6. Confirm the install settings and click [Install] to proceed with installation.
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Setup - HODFM International

Ready to Install
Setup is now ready to begin instaling HQDFM International on your computer.

Click Tnstall to continue with the installation, or click Back if you want to review or
change any settings.

Destination location:
C:\Program Files\HQDFM International

Start Menu folder:
HQDFM International

Additional tasks:
Additional shortcuts:
Create a desktop shortcut
Create a Quick Launch shortcut

< Back [ Install I Cancel

Figure 1-11: Confirming installation settings
7. Once installation is complete, click [Finish] to close the wizard and launch HQDFM.

Setup - HODFM International -

Completing the HQDFM International Setup
Wizard

Setup has finished instaling HQDFM International on your
computer. The application may be unched by selecting the
installed shortcuts.

Click Finish to exit Setup.

Launch HODEM Internationak

[ Ensh |

Figure 1-12: Completing installation

1.6. Supported File Formats

1.6.1. HQDFM accepts the following files for analysis:

a) CAD files: RS-274X, X2 and X3 Gerber files, Excellon Drill files, ODB++ files and KiCad .kicad_pcb files
(HQDFM version 4.6 and above only).

b) BOM files: .xls, .xIsx Excel files and .csv text files

(HI NextPCB
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c) Centroid (XY) files: .xIs, .xIsx Excel files and .csv text files
1.6.2. How to open files in HQDFM
There are numerous ways of importing PCB production files into HQDFM:
a) Click New File and browse for the files to import in the new window.
b) Drag and drop the files from file explorer or the desktop directly.

The main workspace accepts individual file import, multi-select import and .rar and .zip archive file import.

1.7. Keyboard Shortcuts

Menu Name Menu Shortcut Shortcut Notes
File Alt +F
Open Alt+F— O
New Alt+F— N
Close Alt+F—C
Save as DFM File Alt+F—H
Export Gerber Files At+F—G
Export ODB++ At+F—T
Export DFM Report Alt+F—R
Export PDF Alt+F—P
Recent
Exit Alt+F— X Ctrl + X
Edit Alt+E
Add Alt+E— A Ctrl+ A
Delete Alt+E—D Delete
Move Layer/Object Alt+E—> M Ctrl+D
Copy Layer/Object
Rotate Layer/Object | Alt+E — R
Mirror Layer/Object | Alt+E — |
Menu Set Origin
Bar View Alt +V
Toggle Fill Mode Alt+V —>F F
Show Negative Alt+V — N N
Objects
Component Display Alt+V —>Y Y
Settings
Component List Alt+V — | |
CAM/Real View Alt+V —D D+S
Mode
Operations Alt+0
Zoom to Window Alt+0—R
Object Select Alt+0—F
Box Select At+0—E
Same-Layer Net Alt+0 —S
Select
Cross-Layer Net Alt+0 —N
Select
Trace Select At+0—>T
Measure Alt+0—>M Ctrl+ M

11
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Tools Alt+T
Impedance

Calculator

Compare Gerber | Alt+T—C
Files

Panelization Tool Alt+T—P
Calculate Routing | Alt+T —R
Distance

Utilization Rate At+T— U
Count Solder Pads At+T—S
Compare BOM Files At+T—B
Find Component Alt+T—D
Compare IPC Nets Alt+T—N
Calculate Copper | Alt+T— 0
Area

Interactive BOM

Board Settings

Library At+T—>W
Management

Create Component

Settings Alt+S
Units

General Settings Alt+S+)
Object Snap Alt+S—0
Keyboard Shortcuts Alt+S —
Rule Management Alt+S—C
Proxy

Help Alt+H
About HQDFM

Follow HQDFM

Online Support Alt+C

HQDFM Technical
Support

Tutorials

Tutorial Videos

HQDFM User Manual

Actions

DFM Analysis

Calculate PCB Size

Append File

Layer Management

Pan Left —

Pan Right —

Pan Up 1

Pan Down l

Reset View Home
Zoom In PageUp/+
Zoom Out PageDown/-
Undo Ctrl+2
Redo Ctrl+ U
Open All Layers Alt + A
Close All Layers Shift + A

Aperture List

Right Mouse Button

Drill File Format

Right Mouse Button

Export Layer

Right Mouse Button

Measure Point-to-

M+ P

(HI NextPCB
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Layer

Point

Measure Object-to- M+0
Object

Measure Network- M+ N
to-Network

Toggle Crosshair X
Switch Working D+A

1.8. Mouse Controls

1.8.1. HQDFM works best with a keyboard and mouse setup. The mouse controls are designed to help users
navigate Gerber files in a quick and seamless manner independently, leaving the other hand free to activate
actions via keyboard shortcuts.

Mouse Actions:

a) Left mouse button: Select objects, double-click to select similar objects, cancel selection by clicking in
blank areas in the workspace.

b) Middle mouse button: Scroll to pan up and down, hold the middle mouse button and move the mouse

forward and back to zoom in and out.

c) Right mouse button: Right click in the workspace to bring up the command menu for easy access to
common commands. Right-click and hold to pan the workspace by dragging the mouse.

13
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2. HQDFM Interface

2.1. Main Interface

2.1.1. Double click the desktop icon to open HQDFM and enter the main interface. The main interface consists of
the menu bar and toolbar on top, the workspace in the middle, layer navigation panel on the right and the
PCB and PCBA DFM checklist panel on the right. On the bottom right, you can change the units from mil to
mm, change the snapping property and view the XY coordinates of the last mouse click in the workspace.

%  HQDFfM | (B Order Center | Feedback _ camenzzheng@nextpcb.com(E64695) B — X
Peoe D03 %% = BwdHsrQa 2T dbRAG 3OView P o [l rcoaforreos0 ]
2005-02-21 + PCBA Analysis
Create Profile Ls g 4
S usmonm  heck
1]5]elo . Opens/shors Notanayzed Check
2 ® @ Top Silk
L —— St ey Mol | ok
j * @ Bot Copper SMD Pad Spacing Not analyzed Check.
sl e [ e i
OECOrTT Htched Copper P [
2/ o @ I it Cpper Notaaeed Crck
Hlesan SO P [ P
P— [
ol pecing Notaaeed  Chck
it B Nt ek
il e eniy [ o
Spec Dl Hoes Nt ek
P Nt ek
SoderMoskDam Nt ek
Mg Sk Gpering Nt ek
e ke Nt ek
s sce
Quantity: 5 Production Cost (USD):
Production Time 8 howrs
$9.04
Aosoine . Ea— xe1735,%.71 ek [smp Of
Figure 2-1: HQDFM main interface
2.2. Menu Bar
Menu File Edit View Operations Tools
Toggle Fill Zoom to Impedance
Open Add £e R P
Mode Window Calculator
Show Compare
New Delete Negative Object Select P .
R Gerber Files
Objects
Component
Close Move Dif la Box Select Compare
Layer/Object p v BOM Files
Settings
} Export Copy Component Same-Layer .
Function . . . Filter
Gerber/Drill Layer/Object List Net Select
Export Rotate Cross-Layer
. 3D Viewer Compare IPC Nets
ODB++ Layer/Object Net Select P
Export DFM Mirror CAM/Real Analyze >
P . i / Trace Select ¥ Calculate Copper Area
Report Layer/Object View Mode
Export PDF Set Origin Measure Net Length Calculator
Recent > Count Solder Pads
Exit Assembly > Component Search
Export Centroid Data

(HI NextPCB
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Smart Panelization
Panelization Tool
Panelization > Calculate Routing
Distance
Utilization Rate

Figure 2-2: Menu bar options

Menu Board Settings Help Online Support Tutorials Rule
Settings Management
Board Units > Video Tutorials service@nextpcb. HQDFM User Rule
Settings com Manual Management
General HQDFM nextpcb@outlook.
Function Settings com
Object Snap About us WhatsApp +86
15013838486
Keyboard
Shortcuts

Figure 2-3: Menu bar options continued

2.2.1. File menu options

=  Open(Q)

MewiM)

Close(C)

Export Gerber/Drill{G)
Export ODB++(D)
Export DFM Report(R)
Export POF (F)

Recent L4
Exit(x)

Figure 2-4: File menu

@

Open: Open Gerber, ODB++ or HQDFM .DFM job file

New: Create a new project. The HQDFM workspace supports opening multiple projects for enhanced
convenience and productivity.

#H  HQDFM (B Order Center |
Edit View  Operations Tools(D)  Board Settings  Settings  Help  Online Support

' I[B O 3 & F = 8 o 88 & =
Mew () I
- 2025-02-21 Project 2 B H
Close(C) I P P
Export Gerber/Drill(G)

Export ODB++(T) Create Profile
Export DFM Report(R) |

@ Export PDE (P) CIC
Recent |
Exit(X)

Figure 2-5: New project function
Close: Close the current job.

Export Gerber Files: Export Gerber files in the current workspace including edits made in HQDFM. This feature
is currently in beta testing and may not support non-standard Gerber implementations. Please import and

lHI HQEEN 15
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review the exported files again in HQDFM to ensure the files have been correctly generated.

Export ODB++ Files: Export ODB++ files for PCB manufacture. Can generate ODB++ files from Gerber format

files.

Export DFM Report: Export a report containing all the results of the Design for Manufacture and Assembly

analysis.

Export PDF: Customize and choose layers to be exported in PDF format. Layers can be exported overlapping or

individually, mirrored, enlarged or to scale, in color or black and white.

3 bxport PDF

L ¢

i e

. i

& Top Paste
“ Top Silk

" Top Solder
W Top Copper
& Inner2

' Inner3

" Bot Copper
" Bot Solder
+ BotSilk

o Bot Paste
o Drl

W Outline

" gml3

W gmé

| Mirror
Mirror
Mirror
Mirror
Mirror
Mirrar
Mirror
Mirror
Mirror
Mirror
Mirror
Mirror
Mirror

Mirror

+ Merge layers ¢ Fit to page

| Mirror Bot
| Black White

1:1 Scale
Fit all to one page

Export PDF |

i

Figure 2-6: Export PDF interface

Recent: Open recently opened files. HQDFM will save the last 10 files.
Exit: Close HQDFM

2.2.2. Edit menu functions

The edit menu contains functions for editing elements in Gerber files including adding graphical elements,

rotating and mirroring objects and entire layers.

Add
Delete

Move

Copy
Rotate

Mirror
Set Origin
Figure 2-7: Edit menu

Add: Add lines, flashes, arcs, polygon fills and text to Gerber files.

(HI NextPCB
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Add

Polarity Positivi
Line Width | 20 mil

Type Line Vg

Angle ® Any 45° 9Q° Custom

Close

Figure 2-8: Add objects interface

a) Line: Lines for drawing traces or outlines etc. Lines can carry positive or negative attributes and can be
drawn at any angle. Use the hand tool and click an existing line to copy the aperture. Rectangles can
also be drawn using this tool.

Polarity Positiv

Line Width | 9.5

Type Line /

Angle ® Any 45°, 90° Custom

Figure 2-9: Add line interface

b) Flash: Fixed shapes for creating pad flashes. Use the hand tool to grab an existing aperture from the
Gerber files. Flashes can be positive or negative. There are 24 styles to choose from including oblongs,
diamonds, thermals, crosshairs and rings. Flashes can be added in arrays by entering the array-matrix
and spacing.

lHI HQEEN 17
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Add

Polarity |Positive

Rotate |0

Circl
Type rele Symbol Style

Symbol | r62.9921

Nx [3 x [2] |

Dx | 100 mil Dy | 100 mil

Figure 2-10: Add flash interface

The precise dimensions of each shape style can be modified, or use the hand tool to copy the aperture
size of an existing flash.

Symboal Style

- o O
s @ N
e ¢

i

o » ol

| 4
[
ri
Ld
H

Outer Diamete | 50 Units: mil
Inner Diameter | 20

Angle 0

No. of Spokes | 10

Spoke Gap 2

Bevel Type [ NOB |

Symbol |s50x20x0x10x2 | | Apphy OK

Figure 2-11: Flash styles

c) Arc: Arc types can be positive or negative. There are three methods for drawing arcs:

(HI NextPCB

Endpoints: Click the two endpoints of the arc then move the mouse away from the center of the
two points to visualize the arc. Click again to fix the arc and press enter to commit the arc to the
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working layer.

= Center: Click one endpoint, then click the center of the arc circle. Follow the perimeter of the circle
with the mouse and click again to create the arc of the desired length. Press enter to commit the arc
to the working layer.

= Radius: Use the radius method to create arcs with a specified radius. Click on the workspace to set
the arc circle origin and follow the perimeter of the circle to visualize the arc. Click again to set the
arc length and press enter to commit the arc to the working layer.

Complete circles can also be created using the above three methods. Instead of clicking once and
pressing enter to commit the arc, you can also double click.

Polarity Positive

Line Width |5

Type Arc

Endpoints @ Center Radius

+ Draw Clockwise

Figure 2-12: Add arc interface
d) Polygon fill: HQDFM supports the creation of rectangular or free-form filled polygons in positive and

negative polarities. Draw the shape then double click or press enter to commit the shape to the
working layer.

lHI HQEEN 19
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Polarity |Positive

Type ® Free-form () Rectangle

Figure 2-13: Add polygon fill interface

e) Text: Text can be entered with positive or negative polarity, at an angle or mirrored. Modify the text
font, size and line width in the dialog then click on the workspace to print the text on the working layer.
The hand tool can be used to grab an existing aperture size. The ideal text height to width ratiois 1.5 : 1

W T Nerecs
.

Width 100
Height | 100

Line Width | 25

v

Text | NextPCB

Polarity | Negative
Width 100
Height | 100

Line Width | 25

Figure 2-14: Add text interface
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Delete: Remove objects by selecting the element or elements and clicking delete, or press the delete key on
the keyboard. If no specific element is selected, the entire layer will be deleted.

Move: The move function can be used to move or align objects, layers and groups of objects. Select multiple
working layers by checking the boxes in the layer manager to move the contents of different layers together.

a) Single object: Move/align a single object. Select the object then click the Move function from the menu
bar or by right clicking. Click to set the anchor point, move the mouse to the new location and click
again to move the object.

b) Layer: Align an entire layer that is misaligned with other layers. Click the Move function and find a
common point shared by the two layers e.g. a pad. Click the point on the working layer, then click the
corresponding point on the layer you want to align to. The working layer will move to the new location.
Use snap options to make sure the layers align perfectly.

c) Selection: Select the objects to move with the window selection tool, click the anchor point, move the
cursor to the new location and click again to move the objects. Check multiple layers to select the
contents of more than one layer.

Click to set new location

Figure 2-15: Move function
Rotate: Select the objects to rotate and click the rotate function. If no objects are selected, the entire working

layer will be rotated. Select the origin and the angle of rotation. Click apply to rotate the object/layer and click
OK to confirm. A custom origin can be entered.

lHl HQEEN 21
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Figure 2-16: Rotate dialog

Mirror: Select the objects to mirror and click the Mirror function. If no objects are selected, the entire working
layer will be mirrored.

_JLbY BLE

Figure 2-17: Mirror dialog

2.2.3. View menu functions

View

Toggle Fill Mode (F)

Show Megative Objects (M)
Component Display Settings (Y)
Component List ()

3D Viewer

CAM/Real View Mode P Realistic View
CAM View

Figure 2-18: View menu

Toggle Fill Mode: Toggle between normal, outline and skeleton Gerber fill modes.

(HlNextPCB
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1 R | e | el

Figure 2-19: Gerber fill modes

Show Negative Objects: Select to toggle negative elements on and off.

Figure 2-20: Show negative objects

Component Display Settings: Change component graphics and label display settings in the Comp layer.
Centroid and BOM data must be loaded first to display Comp layers.

a) Labels: Can choose between using Designators or Package name as labels if available

b) Component Outlines: Display the component body and pin outlines from the chosen library or EDA
package if available.

c) Properties: Choose to display labels from nets, name, size, assembly type etc. and whether to show
Polarity Markers.

d) Text: Configure text properties including overflow behaviour and font size.

The settings can be saved for other projects by setting them as default.

lHI HQEEN 23
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E Component Displ

—Labels
() Hide ® Designator () Package
~ Component Outlines
EDA Component Body ) Hide ® Show
EDA Pins ) Hide ® Show
Library Component Body ™) Hide ® Show
Library Pins ) Hide ® Show
—Pin Details
Properties () Hide () Pin Direction (@ Assembly Type
) Net () Pin Name ) Size
Polarity Marker () Hide ® Show
~Text
Overflow ® Yes ) No
FontSize  [0.20 =]
|| Set as Default | 0K |
s x ey

Figure 2-21: Component Display Settings dialog

Component List: Show the list of all components in the design with designators, part numbers, package,
specifications etc. Click a part to highlight all instances of the component on the board, or click a designator to
highlight the individual part. The search box can be used to search for a specific component using designators,
part numbers, specifications etc..

3D Viewer: Open the 3D Viewer showing a realistic view of the PCB board which can be rotated in 3D space.

2 30 Mooel 10

O INIHHEMLOD T

Figure 2-22: 3D Viewer of PCB and components

CAM/Real View Mode: Change between CAM (PCB) and Realistic view rendering modes.
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Figure 2-23: Realistic and CAM rendering modes

2.2.4. Operations menu functions

Zoom to Window
Object Select

Box Select
Same-Layer Net Select
Cross-Layer Met Select

a % . #Fl

Trace Select

= Measure

Figure 2-24: Operations Menu
Component List: Show the list of all components in the design with designators, part numbers, package,
specifications etc. Click a part to highlight all instances of the component on the board, or click a designator to
highlight the individual part. The search box can be used to search for a specific component using designators,
part numbers, specifications etc..
Zoom to Window: Use the mouse to draw a window around the area to zoom into.
Object Select: Select an individual element by clicking them.

Box Select: Select a group of elements by drawing a box around them.

Same-Layer Net Select: Click a circuit element in the working layer to highlight the element and connected
elements in the current layer.

Cross-Layer Net Select: Click a circuit element in the working layer to highlight the element and connected
elements. Open multiple circuit layers in the Layer Manager to highlight connected circuits in other layers.

l|-|| HQEEN 25
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Figure 2-25: Cross layer net trace selection
Trace Select: Click a trace to highlight connected traces excluding pads.

Measure: Ruler tool for measuring various distances such as point-to-point distances, net, outline, centre point
spacing and annular rings width. The measure dialog can be kept open while measuring lengths.

Measure

® Point-to-Point

Edge-to-Edge

Net-to-Net

Annular Ring

Center-to-Center

4

Figure 2-26: Measure options

* Point-to-Point:

DX= 5.804 mm,0Y= 2,995 mm,D= 6.532 nm

Figure 2-27: Point-to-point length measurement
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* Edge-to-Edge:

Point-to-Point

® Edge-to-Edge

Net-to-Net

Annular Ring

Center-to-Center

Figure 2-28: Edge-to-edge length measurement

* Net-to-Net:

® Net-10-Net

Annular Ring

Center-to-Center

Figure 2-29: Net-to-Net length measurement

= Annular Ring:
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Center-to-Center:

(HI NextPCB

Figure 2-30: Annular ring length measurement
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Point-to-Point

Edge-to-Edge

Net-to-Net

Annular Ring

Center-to-Center

Figure 2-31: Center-to-Center length measurements

2.2.5. Tools menu functions

Further details on how to use the tools can be found in Chapter 2.

&% Impedance Calculator

ﬂ; Compare Gerber Files
i% Compare BOM Files (B)
Filter
5 Analyze /

Compare IPC Nets(C)
Calculate Copper Area

I & %

Met Length Calculator

Count Solder Pads(M)

Aszembly Component Search

XPa

* v v

X

Panelization Export Centroid Data

0EYe i B

Smart Panelization(l)
Panelization Tool (P}
Calculate Routing Distance (R)
Utilization Rate (U)

4 o Qe

=
oa

Figure 2-32: Tools Menu
Component List: Show the list of all components in the design with designators, part numbers, package,

specifications etc. Click a part to highlight all instances of the component on the board, or click a designator to
highlight the individual part. The search box can be used to search for a specific component using designators,
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part numbers, specifications etc.

Impedance Calculator: Opens the Impedance Calculator tool for calculating the characteristic impedance of
traces using real stack-up information.

Compare Gerber Files: Compare two sets of Gerber files and find differences between versions quickly.
Compare BOM Files: Find inconsistencies and changes in multiple BOM files quickly.
Filter: Search and filter elements such as parts by designator, package, value or nets.
Analyze:
a) Compare IPC Nets: Check for circuit shorts/breaks in the current design using IPC netlist files.
b) Calculate Copper Area: Calculate the percentage area of the board covered in copper elements.
c) Net Length Calculator: Calculate the length of multiple nets. Click [Select Net] then click a net in a

circuit layer to add it to the list. Multiple nets can be added this way. Then click [Calculate] to retrieve
the length and aperture size.

B2 Net Length Calculator
Select Net || Clear Highlight Uniits: mm

Net Length Aperture Size

|1 |HQ-Net0143 52.02mm 10.30,10.50
HQ-Net0273 29.87mm 10.20,10.30

|3 HQ-Net0275 3262mm 1030
HQ-Net0105 62.18mm 1030

|5 HQ-Net0171 2413mm 10.40,10.50

Clear  Calculate | Close

Figure 2-33: Net Length Calculator interface
Assembly:

a) Count Solder Pads: Count the number of surface mount (SMD) and through-hole (THD) solder pads on
the design to anticipate assembly costs.

b) Component Search: Quickly locate a component on the board using centroid data. Centroid data must
be uploaded to use this function.

c) Export Centroid Data: Export the centroid/pick and place file for the current project including edits
made in HQDFM. Valid centroid data must be uploaded to use this function.

Panelization:

a) Smart Panelization: Provides various panel layouts based on different panel sizes
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b) Panelization Tool: Customize panel design with more options including options for tooling rails, gaps,
tabs and stamp holes for more complex panelization requirements.

c) Calculate Routing Distance: Calculate routing lengths and visualize routing paths with different tool
sizes to anticipate additional manufacturing costs.

d) Utilization Rate: Calculate the utilization rate on standard production panels for optimal efficiency.

2.2.6. Board Settings menu functions

Board Settings: Configure board parameters for quoting and ordering purposes such as quantity, board
thickness, color, via type etc.

2.2.7. Settings menu functions

Units 4
General Settings(J)
Object Snap

Shortcuts

Figure 2-34: Settings menu
Units: Change the units for lengths from mils to mm or vice versa.

General Settings: Change basic settings, preferences and startup options including Analysis mode, export
paths, language etc.

General Settings

Analysis Mode
® Detailed - Analysis will take longer (suitable for design engineers, assembly engineers, etc.)
Simple - Faster but less detailed (suitable for general viewing, quoting, sales/purchasers, efc.}
Analyze on import: PCBA PCE (@ Mone
System Settings
Export path: Change
Clear cache after 2 Days Clear account credentials
Continue running in the background after closing
Plugin Mode: Simple ® Global
Language: ® English sy

Run at Startup

QK

Figure 2-35: General Settings window

Object Snap: Change detailed object snap settings for more precise measurements. Snap settings only apply to
the working layer or selected layers.
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Snap to:
+ Routing # Arc + Pad + Polygon
Type
® Snap Off
Snap grid
Snap center
Snap skeleton
Snap edge
Snap intersect
Snap midpaint
Snap profile

Snap arc center

OK

Figure 2-36: Snap settings window

a) Snap center: Snap to the center of pads, drill hits, polygons or the center of end and start points used to
create traces/line objects. Use the snap to skeleton setting to snap to the middle of traces/line objects.

e’

DX="0".508 nm,DY="0.508 mm,D= 0.718 mm

Figure 2-37: Snap to center settings used to measure the pitch of a BGA footprint

b) Snap skeleton: Snap to the skeleton i.e. the center line used to draw traces.

Figure 2-38: Snap skeleton settings used to measure the center-to-center distance between traces
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Figure 2-39: Skeleton fill mode used to see the center lines of traces
c) Snap edge: Snap to edges
d) Snap intersect: Snap to intersections
e) Snap midpoint: Snap to the midpoint of pads, drill hits, traces, etc.
f) Snap profile: Snap to the profile

g) Snap arc center: Clicking/hovering over an arc will snap to the origin of the circle used to create the arc.

DX= 7.281 mm,DY= 3.272 nm,D= 7.983 mm

Figure 2-40: Snap arc center settings to snap to the center of the circle used to create the arc

Shortcuts: Set and customize keyboard shortcuts for various functions.
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Shortcuts

Action

[> File

[>  Edit

[> View

[> Operations

[> Tools

[> Settings

[> Help
One-click DFM analysis
PCB size Calculation
Append File
Layer management

[> Other

Shortcuts

Ctrl++

Reset Mouse Settings Set Key

OK

Close

2.2.8. Help menu functions

Figure 2-41: Shortcut settings window

Video Tutorials
HODFM
About Us

Figure 2-42: Help options

a) Video Tutorials: Links to the HQDFM video tutorials web page

b) HQDFM: Links to the HQDFM web page

c) About Us: View software version and company information:

About Us

HO
1OFM] HQDFM International v4.6

By HQ Electronics (NextPCB)
Shenzhen Huagqiu Electronics Co., Ltd.

Copyright (C) 2020-2025
Skype: nextpcb@outlook com
Phone: +86 3643

WhatsApp: +86 1
E-mail: support@

5013838486
xtpcb.com

Close

Figure 2-43: About us window

2.2.9. Online Support and Tutorials menu functions

Online Support: Shows the various contact methods to get in touch with NextPCB if you need any assistance
with HQDFM or ordering.

(HI NextPCB

Online Support

1 senvice@nextpcb.com

B nextpcb@outlook.com

®  WhatsApp + 86 15013838486

Figure 2-44: Online support contact methods
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Tutorials menu functions: HQDFM User Manual opens the HQDFM User Manual web page.

HODFM User Manual
Figure 2-45: Tutorials options

2.2.10. Rule Management: Customize DFM analysis thresholds for custom requirements (advanced). Custom rules
can be exported and shared.

B2 Rule Management - O
File Actions
2O
Templz |defaultrule | @ @ | checs || tmits || Behaviour || Alselect Uit [inch = |
= defaultrule D DFM Check Type Perform Analysis
= Bare Board (DFM) Analysis i Opens/Shorts v
PCB - Copper 5 i
i i v
PCE - Drill Holes it listeguty
PCB - Solder Mask 3 Smallest Trace Width v
PCB - Silkscreen 4 Smallest Trace Spacing v
= Assembly (DFA) Analysis E I o Coacing =
PCBA - Component
PCBA - Pin Analysis 3 Pad Size v
PCBA - Pad Analysis 7 Hatched Copper Pour v
PCBA - Fiducial Analysis g Anniolas Ring Size =
a Dirill tn CAnnar v

Figure 2-46: Rule Management window

Under the File menu, the custom rule settings can be imported or exported, under the actions menu, the rules can
be reset to default settings.

= | Open rule settings file
B Save settings
@ Reset rules to default settings

Copy Template
Delete Rules

The rules are organized in a menu tree on the left. Click a sub-category to view and modify the analysis items on
the right.

Templz |defaultrule l @ ]m[

= defaultrule

= Bare Board (DFM) Analysis
PCB - Copper
PCB - Drill Holes
PCB - Solder Mask
PCB - Silkscreen

= Assembly (DFA) Analysis
PCBA - Component
PCBA - Pin Analysis
PCBA - Pad Analysis
PCBA - Fiducial Analysis

Figure 2-47: Rule Management categories
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DFM Checks can be turned on and off by opening the Checks tab and checking the boxes on the right.

Open the Limits tab to change the analysis range.

B2 Rule Management - o
File  Actions
=206
Tmple [defautrwe < | (O ||| Checks || umis || eehaviour Units [inch - |
= defaultrule D DFM Check Value Type Range Value
~tBere Bord DRMEATEIES 1 HoleLineLimit Float 104001 %
PCB - Copper 5 S = — .
imit t
PCB - Drill Holes copperztdgelimi o8 [0,100]
PCE - Solder Mask 3 gridlimit Float P =
(0 =llocmen 4 minlineSpacelimitvalue Float 10501 ol

= Assembly (DFA) Analysis

5 minLineWidthlimitValue Float [0,50] 10
PCBA - Component
PCBA - Pin Analysis 6  padDistance Float [0,100] 12
PCBA - Pad Analysis 7 padsizeLimit Float - | [0,100] 40
PCBA - Fiducial Analysis 3 fing_Limit Float - | 0,100 10

Figure 2-48: Analysis Limits settings

Click the Behaviour tab to modify the report warning thresholds and choose whether specific warnings are
reported. For example, if the thresholds for minimum trace width are set as 3, 5, 6 mil:

Trace width < 3mil High Risk (red)
3mil < Trace width < 5mil Warning (yellow)
Trace width = 5mil Pass (green)
B2 Rule Management - o
File  Actions
506
Temple ‘defaukru‘g 1 LD. o | Checks H Limits H Behaviour Uniits |inch - ‘
= defaultrule ID  DFM Check Type DFM Check Item1 ltem 2 Side Report Settings
= Bare Board (DFM) Analysis 1 Opens/Shorts Opens/Shorts " | |-~ §Only show high risk
PCB - Copper 2 Signal | = U d Only show high risk
PCBLDrill Hoide ignal Integrity  Unconnected ... - [Jorly show high ris
PCB - Solder Mask 3 SignalIntegrity  Floating Copper 2= JJ0rly show high rish
PCB - Silkscreen 4 Signallntegrity  Unconnected Vias * |[+-- WOnly show high risk ~
= Assembly (DFA) Analysis 3 %
5 Signalintegrity  Acute Angle .. -~ [ Orly show warning
PCBA - Component
PCBA - Pin Analysis 6  Smallest Trace ... Smallest Trace ... |25 gllsort by value
PCBA - Pad Analysis 7 Smallest Trace ...  Trace Spacing ~ [|45 gl Sort by value
PR R Nl 8 Smallest Trace ... Trace-to-Pad ... " |[45 willSort by value
a loct T MO Bad 10 Lallcnrt by ol

Figure 2-49: Report behaviour
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2.3. Toolbar

I ™ T = Y

2.3.1. Toolbar functions

2.3.2. Left Side Panel

W K e

[ 1] B8
as S8 B & *

@ &

Figure 2-50: The HQDFM toolbar

+

=

Save as DFM File

Open

Export as PDF

Zoom to Window

Object Select

Box Select

Same-Layer Net Select

Cross-Layer Net Select

Trace Select

Measure

Smart Panelization

a % | [ 500l P18 | E

Panelization Tool

EE

Nt@ Count Solder Pads

o Impedance Calculator
i Compare IPC Nets

Component Search

@,

& Filter

é Pan Up

? Pan Down

Q—D Pan Left

|:|—) Pan Right

@ Zoom In

@ Zoom Out

@ Reset View

‘\ Undo

(" Redo
3DView | | 3D Viewer

=

+

o [

ey
@,

aQ @

| 3DView |

1. DFM Analysis: Perform one-click Design for Manufacture (DFM) analysis for the plain circuit board design

based on Gerber files or ODB++ files.

2. PCBA Analysis: Upload and configure centroid and BOM files for PCB assembly (PCBA) Design for Assembly
(DFA) analysis including footprint and BOM checking.
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Figure 2-51: DFM and DFA one-click analysis

3. CAM View/Real View: Switch between the CAM view to view individual Gerber layers and a realistic view of

the manufactured PCB.

4. Create Profile: Manually calculate the board dimensions when HQDFM fails to recognize the board outline
correctly. Select the outline elements using the box tool and click Create Profile. If no objects are selected,
the entire working layer will be used for outline creation. In the new window, select an algorithm and the
generated outline will be shown in white along with the calculated board dimensions.

&  HQDFM [ Order Center |
File(F) Edit View Operations Tools(T) Settings
B o a: 26 =

Create Profile

Real View

Components @ ‘?‘

= @ Top Paste

2 @ Top Silk
&l
@ Top Copper

» o [
o ¢ [
* & Bot Copper

® @ Bot Silk

® Bot Paste

4

(%]

Figure 2-52:

2.4. Importing PCB Production Files

2.4.1. Board Definition

Help  Online Support

F o= @8 B oW & %

Tutorials ~ Rule Management

@ ®#|i 2 T 4

2025-03-18 +

Create Profile

To create the board profile, select a working layer or
group select the elements you want the outline to
enclose and choose an algorithm.

Dimensions (mm) | 0X0

Bounding Box

Algorithm 1 Algorithm 2

Create Profile dialog

A double-sided board typically has copper, solder mask and silkscreen layers for both top and bottom sides.
HQDFM defines a single-layer board as having a single copper layer without plated through-holes and may
have solder mask and silkscreen on one or both sides.

2.4.2. Required layers and Layer Assignment

HQDFM will try to match uploaded files with defined layers in the table below based on the file name and file
extension. If it fails to assign the layer, the layer will appear on the bottom of the list labeled with the full file

name.

If multiple layers are matched for the same layer e.g. two top solder mask layers or multiple drill files, the
names of subsequent layers have label appended at the end. Detected blind/buried vias files will be labeled
with the numbers of the connected layers accordingly (e.g. 1-5 top layer to the 5th copper layer).

(HI NextPCB
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Full Name HQDFM Name Protel File | Double-sided Notes
Extension boards minimum

Top component layer Top Comp - Generated by HQDFM when Centroid and
BOM data are uploaded

Top paste layer Top Paste GTP Optional Paste layers are used to make stencils,
these are not necessary for DFM analysis.

Top silkscreen (overlay) Top Silk GTO Optional* Some designs do not require silkscreen on

layer one or both sides. Without silkscreen data,
silkscreen related problems will not be
analyzed.

Top solder mask layer Top Solder GTS Required

Top copper layer Top Copper GTL Required

Inner copper layer Inner2 GL2 Required for HQDFM adopts the naming convention

(copper layer 2) multilayer boards where the top copper layer is referred to
as copper layer 1, therefore the adjacent
copper layer is copper layer 2 and so on.

Inner copper layer Inner# GL# Required for

(copper layer #) multilayer boards

Bottom copper layer Bot Copper GBL Required

Bottom solder mask Bot Solder GBS Required

layer

Bottom silkscreen Bot Silk GBO Optional* See top silkscreen layer

(overlay) layer

Bottom paste layer Bot Paste GBP Optional See top paste layer

Bottom component layer Bot Comp - See top component layer

Drill layer Drl DRL Required HQDFM uses the NC drill file in Excellon
format for DFM analysis, not the drill
drawing or drill guide/map. Multiple drill
files can be uploaded for plated and non-
plated holes etc.

Outline/mechanical layer | Outline GKO/GML Required* Some designs include the board profile in
other layers e.g. copper/silkscreen. This is
not recommended as it can be
misinterpreted. HQDFM will try to identify
the primary mechanical layer if multiple
mechanical layers are uploaded though it
is recommended to include all profile
elements in one mechanical layer.

Drill drawing Drl Draw Optional Not used in DFM/DFA analysis

Drill guide/map Drl Guide Optional Not used in DFM/DFA analysis

Milling layer Slot Optional Not used in DFM/DFA analysis
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2.5. Layer Navigation

@ N e W N =

Components

Top Paste

® & Top Silk

® @

¢ @ Top Copper
Inner2
Inner3
Inner4
Inner3
Bot Copper

Bot Silk
Bot Paste

Drl

Npth
Qutline
Outline+d2

S N NN

First Column Index Number 1
Second Column Checkbox Not checked
W Checked
Third Column Visibility toggle Layer not visible
@ Layervisible
oo Ao Vot @ e

Working layer

@

Label Color Component layer -

Paste layer

Silkscreen layer

Solder mask layer -

Copper layer

Drill layer

Outline/mechanical layer
Icon Button Append layer

“E;‘ Add layers to workspace

Layer Manager ' s‘ Open Layer Manager

Figure 2-53: Meaning of icons and colors in the layer navigation panel
1. Show layer: Single-click a layer to toggle the layer visibility on and off in the workspace. The eye icon with a
slash " indicates the layer is hidden. The color of the circle represents the color of the layer in the

workspace.

2. Show only one layer: Double-click a layer to open the layer and close all other layers. This layer is set as the
working layer by default.

3. Set working layer: Click the colored circle of a layer to set it as the working layer.

4. Sync layers: Click the  checkbox to toggle selection. Checked layers will also be affected by actions in the
workspace as if they were the working layer.

5. Show filename: Hover over the layer name to show the original filename.

6. Append layer: After importing Gerber files, click the plus sign “ jcon to import more files to the current list
of layers. This can useful for comparing files before and after modifications. Layers with the same name will
have “+n” appended to the file name.
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7. Open Layer Manager: Click the layer icon ® to open the Layer Manager window and change the layer

properties including layer name, type, form and polarity. Drag the layers in the left list to rearrange the
order.

¥ HQDFM B Order Center |
File(F) Edit View Operations Tools(I) Settings Help OnlineSupport Tutorials  Rule Management

O @ DI E T & F — 8 8 € & @ & & F 4 F & Q

S
2025-03-18 +

Real View Create Profile

Layer Manager

Components D@
3 Top Paste Layer Name | Top Paste
1 = @ Top Paste Top Silk
2 ®® Topsik Original Name fM-demo.GTP
Top Copper
ey o
Inner2
4 Top Copper Inner3 Type Paste
5 o o
’ Form board
7 @ & BotCopper Bot ok
s @ o Polarity Positive
9 | @@ Botsik

10 @ O [BotPasie
ECE

12 @ ® Outline
13 ®/ @ gmi3

14 @0 gmb

Figure 2-54: Layer Manager

2.5.2. Layer Navigation Panel Context Menu

Open All

Close All

Appearance 4
| Apertures

Drill File Format

E Layer Management
Delete Layer
Export Layer

Figure 2-55: Layer navigation panel context menu
1. Open All: Open all layers in the workspace
2. Close All: Hide all layer in the workspace
3. Appearance:
= Set Color: Change the color of the layer as it appears in the workspace CAM view.
= Show Traces: Toggle show line objects such as traces.

= Show Pads: Toggle show flash objects such as pads and solder mask openings.
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Components C

7 @ Top Paste
> @ Top Silk

A lw -
)
a8

Open All

w
©
@

I Close All
']
i

? - [ Appearance » ‘ Set Color

7O @R Apertues W  Show Traces
8 g I Drill File Format o  Show Pads
= >|® Layer Management

10 ® Delete Layer

n e Export Layer

12 2 @ Outline

13 2 gm13

Pick Screen Color

Custom colors

BEEEEEN Val: | 255 Blye: | 255
Add to Custom Colors HTML: | #7f00ff
OK Cancel

Figure 2-56: Layer color settings

4. Apertures: View the Aperture Table (Dcode) for the selected layer including size, polarity, quantity and
highlight apertures in the selected layer.

Aperture Table

Type size Polarity Quantity
Circle  17.87402mil Pos Segment
Circle  r8mil Pos Segment
Circle  mil Pos Segment
Circle  19.44882mil Pos Segment
Circle  19.48819mil Pos Segment
Circle  05mil Pos Segment
Circle  19.84213mil Pos Segment
Circle 10l Pos Segment

Circle  ritmil Pos Segment

M

Circle  r11.811mil Pos Segment
Circle  ri2mil Pos Segment
Circle  rismil Pos Segment

Circle  r15.748mil Pos Segment

Highlight || Cancel

Figure 2-57: Aperture Table window

5. Drill File Format: View or change the import units for Excellon format drill files. Useful if HQDFM fails to
detect the correct units or for extracting the units for other software and equipment.

(HI NextPCB 2


https://www.nextpcb.com/dfm/?utm_source=HQDFM_Manual%26utm_medium=PDF%26utm_campaign=HQDFM_PDF_V1

HQDFM User Manual

Dl FileFormat

Figure 2-58: Drill file import units

6. Export Layer: Export the current layer including any modifications as a Gerber RS-274X file.

2.6. Ordering PCBs from NextPCB

2.6.1. Who are NextPCB?

NextPCB provides PCB manufacture and assembly services with a focus on reliability without breaking the
bank. With 5 factories in China and over a decade of quick turnaround electronics manufacture from
prototype to mass production, NextPCB serves over 160 countries around the world with dependable
electronics hardware paired with exceptional service.

Developed by NextPCB, HQDFM was developed utilizing in-house factory-floor expertise and industry insights
to help designers, purchasers, contract manufacturers visualize and verify PCB designs. With HQDFM,
NextPCB hopes to help both sides simplify and streamline the design to manufacture workflow.

Bare printed circuit boards of your design from NextPCB can be ordered directly from within HQDFM. The
cost estimate and production time for 5 boards is displayed on the bottom right hand corner of the main

window. The quantity and other board features can be edited using the [Board Settings] menu.

Please note that the board settings only include the most common customization options however, there are
many more options on the NextPCB website.

As of the latest version (HQDFM International 4.6), only bare PCBs without components or assembly can be
ordered within HQDFM. For turnkey assembly, please visit www.nextpcb.com for online quotations and more.

2.6.2. Board Settings

The number of boards, surface finish, board thickness, copper thickness, solder mask color can be changed
from the board settings window to see how different options affect production cost and time.

Layer count and dimensions are extracted from HQDFM and cannot be changed from here. If these are

incorrect, please close the window and re-calculate the board profile or check that the all copper layers have
been correctly identified.
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Click [Apply] to see the updated price and production time. Please note these are estimates based on the
extracted parameters and board settings. There are circumstances or features that HQDFM is unable to
extract which may affect cost.

Settings stored in JSON format can be exported for backup, transfer, or sharing purposes.
2.6.3. Steps: How to order PCBs

1. Upload your design’s production files (Gerber and drill or ODB++) in HQDFM.

2. Change boards settings if necessary

3. Any applicable discounts will be applied. Make sure you are logged in to apply discounts applicable to your
account.

2.6.4. PCB cost and production time estimate calculation

HQDFM will calculate the production cost and time of bare PCB fabrication from NextPCB once production
files have been loaded. This cost estimate is based on the layer count, PCB dimensions and the configuration
set in the Board Settings menu.

A more detailed cost estimate can be obtained by performing DFA Analysis. This will extract other details
such as trace width and spacing, smallest drill hole size, smallest pad size, blind/buried vias, test point
count and milling density, all of which can affect production cost and time.

After performing DFA analysis, check for reported DFM errors, particularly for any of the items mentioned
above.

If the cost is unusually high, compare the cost before and after performing DFM analysis. If the cost increases,
there may be features in the design influencing the cost. Check DFM errors such as trace width and spacing,
which may impact cost.
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3. DFM Analysis

3.1.1. HQDFM can perform two types of analysis, PCB Design for Manufacture (DFM) and PCBA Design for Assembly
(DFA):

1. PCB Design for Manufacture: Analyzes PCB production files to highlight errors and evaluate the
manufacturability of the design using modern PCB fabrication methods.

2. PCBA Design of Assembly: Analyzes Centroid, BOM and footprint data against the PCB production files to
highlight errors and evaluate ease of assembly with modern PCB assembly methods.

PCBA Analysis

Layer Count 4
Dimensions 144.99X90.00
Trace Width/Spacing 8/2mil+
Opens/Shorts No errors detected
Signal Integrity Error(s) detected Check
Smallest Trace Width 8.000 mil
Smallest Trace Spacing 2,150 mil Check
SMD Pad Spacing Mo errors detected
Pad Size No errors detected
Hatched Copper Pour No errars detected
Annular Ring Size Mo errors detected10.000 mil
Drill to Copper Mo errors detected
Copper-to-Board Edge Mo errors detected
Holes on SMD Pads No errors detected
Drill Diameter

L]

Figure 3-1: DFM Results Panel for PCB and PCBA

3.2. Analysis Severity Levels

HQDFM’s algorithms analyze manufacturing data (Gerber files, ODB++ files, Centroid data, and BOM) for errors
affecting production, assembly, reliability, and cost, based on industry-wide PCB manufacturing and assembly
capabilities.

As different manufacturers have different capabilities, HQDFM provides a three-tier error reporting system, where
the highest tier includes critical errors that only the most advanced manufacturers can handle.

The three error severity levels are as follows:
1. High Risk (Red) - A red alert indicates a critical issue that needs immediate attention and likely design
changes. These problems stem from design features that may surpass manufacturing capabilities, result in
high defect rates, introduce significant complexity, or adversely affect the product’s long-term reliability

and performance.

Such designs are likely to be rejected by manufacturers or result in non-functioning or defective boards.
Action is strongly recommended.
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2. Warning (Yellow) - Yellow alerts indicate issues that require review. They may result in additional costs, a
higher defect rate, lower reliability or assembly complications.

These designs may be rejected by less advanced manufacturers, incur additional expenses, extend lead
times, or have hidden impacts on long-term reliability.

The severity of these issues varies and should be assessed based on the specific design requirements.
Review and evaluation are recommended.

3. Pass (Green) - No errors were detected and the design is within the manufacturability limits of most PCB
fabricators and assembly houses.

3.3. Types of DFM Errors

3.3.1. There are generally 6 types of errors that HQDFM will detect and report:

a) Design errors impacting functionality: Issues such as shorts or open circuits that can compromise the
board’s performance.Errors affecting reliability or performance: Designs that can be manufactured but
push the limits of acceptable tolerances.

= Example 1: Insufficient copper spacing increases the risk of shorts over time due to Conductive
Anodic Filamentation (CAF), where salts grow between copper elements along the PCB substrate,
potentially bridging gaps.

= Example 2: Inadequate copper-to-edge spacing can expose copper during board routing, making it
prone to shorts, corrosion, and delamination over time.

b) Designs exceeding manufacturing capabilities: Features that go beyond the technical limits of most
production facilities.

c) Complex designs with high risks: Features that introduce significant manufacturing challenges,
potentially leading to high failure rates, additional costs, or extended lead times.

d) Manufacturing Compatibility: Elements that may not be viable for mass production, specific assembly
types, or general repair. For instance, wave soldering requires more design considerations than reflow
soldering, and the absence of solder mask dams can complicate manual repairs even if they don’t affect
reflow assembly.

e) Gerber generation errors: Issues arising during the translation of design data into Gerber files. Poor
implementation or incorrect export settings can introduce errors not detected by the EDA tool’s DRC
(Design Rule Check), potentially leading to critical failures.

3.3.2. DFM/DFA Analysis Forewarning:

Due to the complexity and differences of manufacturing practices and the limited information available,
the accuracy of the reported errors will vary on a case-by-case basis. As always, HQDFM is best used
alongside expert review and manufacturer feedback. The following notes should be observed when using
HQDFM analysis capabilities:

= Data Availability: HQDFM performs analysis on standardized production data commonly requested
by manufacturers (Gerber/ODB++ 2D graphical data, component placement data and footprint
information if available).

= Other Information: HQDFM does not know or make use of other information such as the intended
assembly method (reflow/wave soldering), production volume (prototype/mass production),
industry or certifications, functionality, design tools or any information included in other production
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documentation including PCB parameters such as solder mask color or PCB material. As a result,
HQDFM makes conservative assumptions and may appear overly cautious when reporting errors,
although we try to limit this as much as possible. It is the user’s responsibility to check and verify the
accuracy of the reported errors based on their knowledge product’s requirements and intended
production methods. While HQDFM attempts to provide guidance in the form of tiered warning
levels, the final decision rests with the user.

Non-standard Data: Due to the limitations of 2D binary data formats and inconsistent EDA software
implementations, non-standard Gerber, Excellon and ODB++ data may cause HQDFM to
misinterpret certain features and provide false negatives or positives. In most cases, designer have
limited control over these reported errors but many can be safely ignored. There is also a feature to
ignore certain checks in HQDFM if needed.

HQDFM does not tell you if your boards are or are not manufacturable: HQDFM is intended to
complement DRC (Design Rule) checks and manual verification to reduce errors and optimize
reliability and efficiency. Not all errors are related to manufacturability and so if errors are reported,
this does not necessarily mean the boards cannot be manufactured or will encounter problems.
Likewise, the absence of errors does not necessarily mean your boards can be manufactured.

Manufacturer capabilities and preferences vary and while new algorithms are being developed or
improved all the time, HQDFM is not able to detect all possible manufacturing problems.

3.4. How to perform DFM Analysis in HQDFM

3.4.1. Perform DFA Analysis:

1. Upload production data. A set of Gerber and drill files or ODB++ files must be uploaded in order for the
algorithms to perform correctly. See table # for the required Gerber and drill files.

2. Click the green [DFA Analysis] button on the left panel and wait for analysis to finish. Larger, more complex
files will take longer to process.

o M I

Figufe 3-2: PCBA Analysis and DFM Analysis buttons

3. The results of DFM and DFA review will be shown on right side of the workspace. Clicking the [View] or
[Check] button will open the corresponding pop-up window and/or change the workspace view.
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PCBA Analysis
Layer Count 4
Dimensions 144.5990.00
Trace Width/Spacing 8/2mil+
Opens/Shorts Mo errors detected
Signal Integrity Erroris) detected
Smallest Trace Width 8.000 mil
Srnallest Trace Spacing 2,150 mil Check
SMD Pad Spacing Mo errors detected
Pad Size Mo errors detected
Hatched Copper Pour Mo errors detected
Annular Ring Size Mo errors detected 10,000 mil R
Drill to Copper Mo errors detected
Copper-to-Board Edge Mo errors detected
Holes on SMD Pads Mo errors detected
Drill Diarneter
Drill Spacing Mo errors detected
Drill to Board Edge Mo errors detected
Drill Hole Density 834 holes; 63912.00/m*
Special Drill Holes Mo errors detected
Drill Hole Errors
Solder Mask Dam 0,000 mil
Missing SMask Opening Mo errors detected
Solder Paste Area T=11.300 ,B=7.384
= 5 = e ]

Figure 3-3: PCB DFM Analysis items

4. It is recommended that all high risk and errors reported by HQDFM are checked by clicking [Check]
and viewing the issues in the DFM/DFA navigation window.

3.4.2. DFM/DFA Navigation Window

The DFM/DFA navigation window shows the details of any identified problems and can be used to pan to
the location of the occurrence in the workspace.

a) Layer: Layers/sides where issues were found will be shown here. Click an individual layer to show the
issues in that layer/side only, e.g. top or bottom side.

b) Analysis Item: Sub-items of the main analysis item will be shown here. Click a sub-item to show the
occurrences on the right.

c) Occurrence: All occurrences of the sub-item will be listed here. Click a field or use the navigation
buttons to zoom in and/or pan to the occurrence according to the navigation settings. The offending
elements will be highlighted and lengths will be indicated by a white line.

d) Navigation settings: Select how the workspace view changes when an occurrence is selected.
* Auto Zoom (default): Pan and zoom into the location of the occurrence.
= Pan Only: Only pan to the location of the occurrence. The previous zoom level is preserved.

= Pop Up: Displays a pop-up viewer over the workspace zoomed in on the location of the occurrence.

e) Error Display settings: Choose whether to show High Risk errors (!!), or show all possible
analysis items in the current category (Show All).

f) Limits: The current analysis item’s threshold limits (Red - Yellow - Green)
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g) Description: Text description detailing the error and any extracted values.

h) Graphic: A supporting graphic for the analysis item.

3.5. DFM Analysis Examples

3.5.1. Layer Count
Display of the number of copper layers in the design. HQDFM will infer the layer count by counting the
number of copper layers imported into the workspace. If this is incorrect, HQDFM may have failed to assign a
copper layer. Manually assign unmatched layers and re-run DFM analysis.

3.5.2. Dimensions
Display of the board dimensions calculated from the imported design. This is calculated from the board profile.
If this is incorrect or empty, the board outline may be missing or not located in a dedicated outline layer.
Export the outline from the design tool or use the Create Profile tool to reconfigure the profile.

3.5.3. Trace Width/Spacing
Display of the smallest trace width/spacing in the design. This is calculated from all the copper layers
uploaded in the design. Order forms often request the minimum trace width/spacing to provide a quotation
and gauge the technical complexity of a design. The largest value displayed is 8mil (0.2mm) even if the
smallest width/spacing is greater than this.
For details, refer to the individual Smallest Trace Width, Smallest Trace Width analysis items below.

3.5.4. Opens/Shorts

Clicking [View]/[Check] opens the Compare IPC Netlist tool. If the netlist file was already uploaded with the
Gerber files, this check will run automatically.

3.5.5. Signal Integrity

Signal integrity problems are related to the circuitry. They are not necessarily related to manufacturing but
may have a significant impact on functionality or performance.
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Analysis Hem Instance (Click to View)

Top Copper Unconnected Traces (1 inst,8.50mil) | | 1.9.50mi 3 pes

First | < >

Keep selected ayers | ;1 nnected traces or dangling lines were detected in your
design. This could be the result of human error and can affect the
functionality or performance of the boards. Please investigate and
modify the design if necessary. Unconnected traces less than 6 mil
inlength should be removed.

Auto Zoom

Unconnected traces or dangling lines can affect signal
functionality or performance and floating copper can
act as antennas and cause EMI problems

R1 Floating copper trace

sna ey

Aralysis eem Instance (Click to View]

i1

Ft] < | > e
Keep selected kayers
2o0m

remaving or grounding them

Floating copper (copper slands/dead copper)

N

Analysis ltem Instance (Click to View)

Top Copper Unconnected Traces (1 inst.

First | < > | Last

Kecp rele o et Theis s st angle connection wodasin o designwbich vl
affect the signal integrity of the

productit is recommended to adjust the acute angle posintion to
arc or obtuse angle connection mode

Auto Zoom

Sharp angles can cause signal reflections and changes in
impedance

Notrecommended: Recommended:
Sharp acute angles Rounded or obtuse angles
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3.5.6. Smallest Trace Width

The width of the narrowest copper trace in the design. Each PCB fabricator has a minimum capability typically
stated on their website or design specifications. Designing traces narrower than this specified minimum can

lead to an exceptionally high defect rate (e.g. broken or incomplete traces) or outright rejection of the design
by the manufacturer.

Designing near a manufacturer's limits should also be avoided whenever possible, as it can lead to increased
costs, added manufacturing complexity, and a higher-than-normal defect rate.

(Click to View)

Auto Zoom
Limits: 3.5,4,5 mil

The spacing between tracks,too little spacing will influence defect rate
and cost.

Min Gap:3.5mil Preferred Gap:6mil Max Gap:no limitation

Top Copper
Bot Copper

Sufficient clearance between opened pads must be maintained
to ensure solder mask dams form between the pads. For tented
vias, a clearance of 4 mil is sufficient to prevent short circuits.

Tented via pad spacing: 24 mil  Pad-to-pad spacing: = 6 mil

3.5.7. Smallest Trace Spacing

The smallest distance between two copper traces or other copper elements of different nets in the design.
Like trace width, each PCB fabricator has a minimum capability typically stated on their website or design
specifications. Traces closer than this specified minimum can lead to an exceptionally high defect rate (e.g.
incomplete etching and short circuits) or outright rejection of the design by the manufacturer.

Designing near a manufacturer's limits should also be avoided whenever possible, as it can lead to increased
costs, added manufacturing complexity, and a higher-than-normal defect rate.
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aye:

Top Copper

Bot Copper

Sufficient clearance between opened pads must be maintained
to ensure solder mask dams form between the pads. For tented

vias, a clearance of 4 mil is sufficient to prevent short circuits.

Tented via pad spacing: 24 mil  Pad-to-pad spacing: = 6 mil

3.5.8. SMD Pad Spacing
The distance between open pads of surface mount parts.
3.5.9. Pad Size

The size of open pads on the design. If pads are too small, they become harder to etch accurately and may

detach more easily. Additionally, pads that are undersized can pose challenges during testing, as they may be

too small for testing probes to establish consistent and reliable electrical contact.

3.5.10. Annular Ring Size

The width of the annular ring can affect the adhesion of
the component to the hole and the reliability of the
electrical connection.

Visarrirli‘l r_ PTH annular ring

<"

L
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3.5.11. Drill to Copper

The tolerance of a board feature is the cumulative sum
of the individual tolerances of all production processes
undergone to produce it.

smi gested / Lmiy
o trace (outer Layer); 2 12mil (28 mil  pTH 1o trace Via to trace
it

TH to tr layer}
Viato race (iner ayer): 28 mil £ amil B
mmuxe((l e ety 1 I
ety omiyr e 3 i Tor every 3 adakional Layers

3.5.12. Holes on SMD Pads

PTHs Lonnened to surface mount pads could cause snlder to
flow '?’ from the SMD contact, resullin in a poor solder
jnlnt NP H holes overlapping ?a s could cut into the pad,

g the surface area available for soldering.

DIP in Pad (PTH) Mounting holes inPAD (NPTH)

If left unplugged, the pads will not be planar and solder
could flow away from the SMD contact, resulting in a
poor solder joint.
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Top Sclder
Bot Solder

Solder mask openings overlapping traces will
cause the trace to be . This iy newey
‘the risk of short circuits durhgsc

Layer
Top Solder
Bot Solder

Sufficient pad spacing Is required to form solder mask dams that help pre-
vent solder bridges. The minimum solder mask dam requirements depend
on the solder mask color. ENIG surface finish and leen solder mask should

be used for pad spacing <8 mil. I !

Green: 27 mil
Blue/Red/Yellow: 2 8 mil
Black/White:2 9 mil

Pad spacing

3.5.13. Missing SMask Opening

Bot Solder

Solder mask openings are areas not covered with solder
mask oil. Areas covered with sotder mask cannot be soldered
to or make electrical contact with.

Coveled pads
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Solder mask openings are areas not covered with sold
mask oil. Areas covered with solder mask cannot be soldered
to or make electrical contact with.
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4. Design for Assembly (DFA) Analysis

4.1. What is DFA?

DFA stands for Design for Assembly, and in the electronics hardware manufacturing industry, assembly typically
refers to the stage of populating a bare circuit board with components. Like DFM for bare PCB boards, DFA provides
design guidelines to optimize the assembly of a product in terms of yield, efficiency, reliability and cost.

In addition to PCB Design for Manufacturability, HQDFM also has advanced DFA capabilities and tools, giving design

engineers a complete suite for optimizing the entire electronics manufacturing and assembly process from the
outset.

Like DFA Analysis, HQDFM can perform over 600 detailed DFA checks in 12 categories based on IPC guidelines and
NextPCB’s own assembly experience. HQDFM also has a powerful footprint checker with over 5 million package
libraries and counting, maintained by over 20 full-time engineers, and is also equipped with other tools such as the

handy BOM checker and centroid file editor, helping engineers cut down on mundane administrative tasks and
human errors.

HQDFM | (B Order Center |
File®) Edt View Opernti

B oa 0

Feedback carmenzheng@nextpch.com(E64695A) (&) — X

4k aaae 3DView Buy Part] parcs 3 | a | PCBA for RP2040

Creste Profile

Comp Height Anslysis

Get $10 PCB

coupon every month

S
|
J N

A Latest News

Aotoe |5 o

Selected: 0 Fil load successful

%-15.99,¥:607 | Inch | [Snap Off

Figure 4-1: Main interface after PCBA DFA analysis

SMTPad Analyss

Through-hole Pins

Chip Pads

PCBA: SNULL

Quantity: 5 [Board Setinas | Production Cost (USD):
Production Time: 48 hours
o e $32.23

& Order Now

With the addition of DFA analysis capabilities, HQDFM is a complete suite for engineers to produce effective

prototypes fit for market, accelerating and streamlining product development with minimal waste.

4.2. DFA File Requirements

For DFA analysis, in addition to bare PCB production files, the Bill of Materials (BOM) and component centroid, also

known as pick and place, data is also needed.

(HI NextPCB
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4.2.1.

4.2.2.

PCB Production Files: Include PCB Gerber files in RS-274x or X2 format and PCB drill files in Excellon format.
Direct KiCad (.kicad_pchb) upload is also supported.

Gerber Files/Drill files: As for DFM analysis, import Gerber and drill files by clicking New File and selecting all
files or the archive file containing the files. You can also drag and drop the files from file explorer directly.

ODB++ files: Open ODB++ production files by dragging them into the workspace or clicking the “New File”
button and selecting the file.

Bill of Materials (BOM):

The bill of materials or BOM file contains a list of all the components to be populated onto the PCB with their
respective quantities and designators, or labels per individual board or panel.

Other information is often included such as package name, description, purchase link, value, alternative parts
etc. and other PCB features may be included such as test points and fiducial marks which do not require
procurement or soldering.

Like Gerber files, many EDA packages support internal editing of a BOM file which can then be exported,
though the format, content and labels will vary across packages. A template can be downloaded from the
wizard.

To perform DFA analysis and footprint checking, HQDFM requires the BOM file to include the following three
pieces of information at the bare minimum:

a) Manufacturer’s Part Number (MPN): This is the unique part number assigned by the manufacturer for
a specific product. It should not be confused with the distributor’s SKU number such as Digikey Part
Number or LCSC Part #.

<L upload a

Products~ Manufacturers~ Resourcesv Request a Quote

Product Index > RFand Wireless > RF Transceiver Modules and Modems >  SIMCom Wireless Solutions Limited SIM7600SA

SIM7600SA
| Digiey Part Number 3781-SIM7600SAND ‘ SKU
[« —— W] Manufacturer SIMCom Wireless Solutions Limited
'«‘S‘ [ Manufacturer Product Number siM76005A | MPN
==
Description RF TXRX MODULE CELL SMD
Manufacturer Standard Lead Time 3Weeks

Customer Reference

RS, HSPA#, LTE, WCDMA Transceiver
Hz, 1.8GHz, 1.9GHz Antenna Not
Included Surface Mount

Detailed Description

Datasheet o Datasheet
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H| HQELLE
® www.hgonline.com RP2350A  STMI2FI03RCTG  RP2040  ARDZDTD2001
Products BOM Tool Request Quote PCB Service v About Us Contact Us

Home » All Products - SCM /ARM / DSP - Other Microprocessors - RP

RP2350A

Mfr Part # RP2350A MPN

Manufacturer  Raspberry Pi

HQ Part# 1C138557063 | SKU

10 Package QFNEB0_7X7MM_EP
QPI]BGAG&I ; Lead Time Ship immediatel;
P68R26.00 2 e ¥
Description
Customer #
Datasheet [A Datasheet
e
LCSC LCSCELECTRONICS e
All Products =] Manufacturers RFQ/BOM Deals v PCB/SMT Custom Cables
Home | Products | Circuit Protection | ESD and Surge Protection (TVS/ESD) | Nexperia PES
Nexperia PESD3V3LIBA,115 S

Manufacturer  Nexperia

Mir. Part # PESD3V3LIBANS | MPN
LCSC Part # C51450 | SKL

Package SOD-323

Customer # -

Description 184 26V 500W 5.8V Bidirectional 3.3V SOD-323 ESD and Surge
Protection (TVS/ESD) ROHS

s o . Datasheet B Nexperia PESD3V3LIBANS

EDA Models ¢ EasyEDA

Figure 4-2: Screenshot showing the SKU and MPN values of a component on Digikey, HQ Online and LCSC

b) Designator: The designator is the unique identifier assigned to each component on a PCB (Printed
Circuit Board). It helps to identify and locate the specific components during assembly, testing, and
troubleshooting.

Resistors: R1, R2, R3..

Capacitors: C1, C2, C3..

Integrated Circuits (ICs): U1, U2, U3..
Diodes: D1, D2, D3..

¢) Quantity: This indicates the total number of pieces of a component needed for the board. Since a PCB
BOM file typically corresponds to a single non-panelized board, the quantity should match the total
number of designators listed for that part.

4.2.3. Centroid files:

Centroid files, also referred to as pick and place files or component placement files, are used by pick and
place machines to accurately position and orientate surface mount parts on a PCB. The file typically includes a
list of the X-Y coordinates, rotation angles and side (top/bottom) information for all surface-mount parts and
may also list through-hole parts, test points and fiducials.

Centroid files are exported from the EDA software and may have customization options such as splitting the
data into separate files for top and bottom sides, or include through-hole parts, which is preferred by some

manufacturers.

These files are typically exported in excel spreadsheet, text or csv file format. HQDFM accepts files
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in .xls, .xlsx, .csv and .txt file formats and at the bare minimum, the Designator, X-Y coordinates, rotation and
side information is required. A template can be downloaded from the wizard for reference.

For DFA analysis, the centroid file should contain all parts on the board (top and bottom) in a single file along
with through-hole parts if possible. Without location information for through-hole parts, HQDFM cannot
perform DFA analysis on them.

TS R000032230000
File Design Information:,,,,,,,ss320225

VersionControl
No variations
Units used: mm

s3a23533330300

Designator,Comment, Layer, Footprint, Footprint Description,Center-X(mm),Center-

¥(mm),,Rotation,Description,ComponentKind,Height (mm) ,Ref-X(mm) ,Ref-Y (mm) ,Pad-X (mm) ,Pad-Y(mm) ,Variation

U12,6D32F1506x, TopLayer, QFNABP40EX400XS - Leads, Body 4.8@x4.80mm, Pitch @.40mm,

Th*,-487.861,-203.8361,90, ,Standard, @ .861, 1,-489.061, -285.8361, Fitted

U2,AL3510L.G144C7, TopLayer, TSQFP4@P1806X _HS-145M,"TSQFP, 144-Leads, Body 16.80x16.00mm, Pitch

0.46mm, ", -417.3537,-179.2121,98, ,Standard,1.4,-417.3537, -179.2121, -424. 3537, -188.0121, Fitted

RS, 22, TopLayer, RESC1688, , -399.007, -199.6619,8, , Standard, 23, -399.007, -199. 6619, -399.732, -199. 6619, Fitted

u1s,Ts

5.00x",-441.6616,-201.8379,180,TS3A5018, Standard, 1.1, -441.6616, -201.8379, -438.6616, -199.5629, Fitted

S3,Button2P(SMT), TopLayer, SW2P3X6X2.5(SHMD) , , -433.867, -216.9601,278, , Standard,

01, Fitted

R72,18K, BottomLayer, RESC 04, -143.6873,270 3
5K, BottomLays 608, ,-411.707,-209.6234,278, , Stand 3,-411. .6234,-411. 8984, Fitted
100nF, BottomLayer 2559,98, ,Stan 559, -406. 8128, -202.9869, Fitted

34,118K, TopLayer, RE

Standard, -

RP14,RP4 22,Bottomlayer,RCAB3-4D(8603) SOf

Figure 4-3: Sample centroid/pick and place file exported from an EDA tool
HQDFM uses the three above sets of files to determine the location and rotation of parts, which parts require

assembly and their respective footprints on the PCB board. These are necessary to perform footprint
checking, BOM checking and DFA analysis.

4.3. How to perform DFA Analysis in HQDFM

4.3.1. Steps:
1. First import the PCB design into the workspace by importing the Gerber/Drill files or ODB++ file.

2. Then click the blue [PCBA Analysis] button on the left panel to open the DFA Analysis wizard.

File(F}  Edit VWiew Operations Tools(I)  Settings He

B o & BiEQ 3

% =

1

=
Real View Create Profile
Figure 4-4: PCBA and PCB DFM Analysis buttons

4.3.2. The wizard is separated into 5 steps as indicated at the top of the window:
1. Centroid: Import and configure the centroid file
2. Import BOM: Import and configure the Bill of Materials file
3. Match Parts: Perform parts matching with HQ's package database and view detected errors.

4. Part Type: Modify part types property of matched parts for accurate DFA analysis
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5. Direction: Set the direction of travel in assembly equipment

3 DFA Analysis

(1) cowsd [2) reonzov [3) wanees [4) pantee |5 oimation

Figure 4-5: DFA Analysis steps

At any point, you may search for a specific part by entering it’s designator in the search bar on the top right.
File header and package matching settings can be changed by clicking the [Match Settings] button.

Search Component | Enter designator | L Match Settings

Figure 4-6: Search Component search bar and Match Settings options

For a basic DFA analysis, you can utilize the wizard to upload and set up the centroid and BOM files, and skip

the other steps. The subsequent section will provide a detailed explanation of each part of the wizard and its
functionality.

4.4. Centroid File

4.4.1. Steps:

1. Load Centroid File: Import centroid files by clicking the [Load Centroid File] button and either browse for
the file or drag and drop it directly into the window. Once imported successfully, the wizard will display a
preview of the centroid data in a spreadsheet format.

Load Gentroid File

or drag and drop fles here

Accepted Fle Formats: s, i, cov b & Download Template

Figure 4-7: Load Centroid File stage

2. Assign headers: The headers in the centroid file must be correctly assigned for accurate analysis. HQDFM
will try to identify the headers by matching them with keywords saved in the database. If they are incorrect,
click the drop down box and select the correct fields.

Tip: If a field has already been used, it will not appear in other drop down boxes. Free it up by first changing
the incorrect value to the default letter value.
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3. Remove extra rows: Remove empty row entries that do not contain centroid information such as extra
header information that has not already been removed by HQDFM by clicking [Delete]. Rows and columns

can be added or deleted by right-clicking the row number or column header and using the context menu.

You can also add rows and columns and edit the contents of the BOM file by double-clicking the cell.

a) The original file contents can be viewed by selecting the Original tab and you may start again or change
files by clicking the [Re-upload] button and uploading files again.

b) Click [Next] button or the [Render Image] on the right to generate the component layer which is shown

on the right preview windows for both top and bottom sides. The component layer consists of place-

markers and basic part outlines if available, which is overlapped on top of the PCB pads in the preview
windows. Use this to verify correct placement and orientation.

The preview allows for zooming in and out, scrolling and panning just as in the main workspace, and
clicking a row in the spreadsheet will zoom into the corresponding location in the workspace. If the

placement is correct, click [Next] again.

|
A, Reload
Original | Annotated
Designato = 8 Side Package - E XPos ¥ Pos Rotation

1 e GD3ZFIS0Gx |Toplayer | QFNAGPADD.. [y o 203861 |0
2w ASIOLGL.. [Toplayer | TsP0PL. amam |
s o 2 Topleyer |ResCIoos amets o
i (s oo [sotomiae oot [P0 Luess | anem w0
s s Buton2P(.. | Toplayer | SW2PXOR2 P e
s o BottomLayer |ReScTons et |weon |20
7w 15K BottomLayer |RESCTo0s e |m
8 |cm 000 [BottomLayer |cAPCIS08 oo |z |
o lra 1ok Toplayer | Rescons dest s
0 R W42 | Bottomleyer [RCAGB-DL.. mam |
1w R4z |Bottomlayer [RCAGBDL amam |
2 |wn W42 |Bottomleyer |RCAGSDL anmn |
B s10k Toplayer |ResCIoOs aose o
W s ok Toplayer |ResCIO08 P R
15 s 1ok Toplayer | Rescrens P e
16 |os o Topleyer | caPCIS08 PR

e 2 opleyer |capcians |CB , |sousy s a0
o 20 |Toplayer | capCTR08 wor |wsn |
6 s E T I p— P e
0 (o TouF Toplayer | capcaoi2 o |wan o
2 v MMz |BottomLayer [XTALIZM.P. om0

Search Component

Side | Top/Bot | Scale [1

Top Side.

Bottom Side

1\ Match Settings
[ Export Centroid File

Rotate () [0 Units [mm

c) If the top and bottom values are not identified correctly, the matching keywords can be viewed and
modified by clicking the Side box. To add new keywords, type them in the relevant field and separate

them with a comma.

Figure 4-8: Centroid file editing interface

ide Keyword Assignment

Side Keyword

TopLayer
Front

BottomLayer

Layer
Top Layer
Please assign
Top Layer
Bottom Layer
Ignore

Please assign

Remember keyword assignment

.

OK

Figure 4-9: Top/Bottom side keyword assignment window
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4.4.2. Editing Centroid Files
The following centroid file editing features apply to the entire centroid file i.e. all values in the list are
changed. For individual component changes, the values in the spreadsheet can be modified directly by

double-clicking the cell. Click the Render Image button to update the preview windows.

= Scale: Changes the XY coordinates by a scale factor. The default value is 1. This is useful if the centroid and
PCB production data have different scales.

= Rotation: Changes rotation angle by a fixed amount. This is useful if the PCB data was rotated for
panelization for example, in which case the centroid data should also be rotated.

= Units: Converts the XY coordinate values into other units. Units in mm, inch and mils are supported.

= Align: Opens the Align tool to graphically align the component layer with the PCB pads, then converts the
centroid file XY coordinates accordingly.

= Mirror: Reflects the component layer in the X or Y axes. To reflect in both axes, select one after the other.
The edited centroid file can be exported .xIsx format using the [Export Centroid File] button. Choose which

columns to export with the [Add Column] and cross buttons and customize the sequence by dragging them
to the desired position.

Export Centroid File

Add Colurn Drag to sort
[pesignator -] ®
e | ®
[side | ®
[Package | ®
- ®
[x 7o | ®
[Y Pos | ®
[Rotation | ®
l | ®
Restore Default Export

Figure 4-10: Export Centroid File interface

The exported Centroid file contains the contents of the Annotated File after post-processing and any
adjustments made.

4.4.3. Align Tool

Use the align tool when the entire component layer is displaced by a fixed distance. Follow these steps to
perform alignment:

1. Open the align tool by clicking [Align]

2. Click [Select Part] and click a part in the component layer, preferably a symmetrical part with few pads. The
selected part will be highlighted and the designator will be shown next to the button.

3. Click [Select Pads] and click the pad or pads whose centre is the selected component’s origin. E.g. the two

pads of a chip resistor, or an IC’s central thermal pad. Highlighted pads will be shown in blue. Multiple pads
can be selected by holding the Ctrl key while clicking the pads. Check the Sync bottom layer box to move
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the bottom layer by the same distance if desired, then click Align.

FPGA-KEY

Figure 4-11: Examples of simple components with good pad symmetry and selected pads suitable for defining
the component origin.

4.5. Bill of Materials (BOM) file

4.5.1. Load BOM file

1. Similar to loading Centroid files, import BOM files by clicking the Load BOM File button and browsing for the
file or dragging it into the window directly. Upon successful import, a preview of the BOM data in
spreadsheet form will be shown in the wizard.

Figure 4-12: Load BOM File stage

b) Again, assign the headers manually if incorrectly matched by HQDFM by selecting them from the drop
down box. The more information available to HQDFM the better the analysis results.
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B o Anayss - o
Search Compenent | Erier desionator | (X Mateh Settings
| B Export 8o | & Download Report |
Seesubsinze Value escripton 1+ Designator - Package/Foa Quatty - Marfacturer~ MPN Atz Acton
' i oo .G c oo |55 vaceo Check | el
2 |V sttt |11 |10 o2 CRecanuzF IR Check | el
3 stz 12|10 206 2oeraeTe N Check | ool
N 2 anir mamcs oo |3 @ Check | ool
s B % oo c s |6 o GG03E105KIOAT Check | el
s s o ey Jowms |2 o oevscazRICSIONT Check | Dol
7 22058 e Jowem |2 Mursts GRMIESSCIHZRICAOTD Check | Dol
s 3 2 N N o T20s2zeNEONT Check | Dol
9 7 22nF €36 |caposa 1 Walsin 0603N1ROCS00CT Check | Del
10 s soF o Jowxs |2 o 0R03CCRICSONT Check | Dol
1 s oo = o |1 o 04028 03KG00NT Check | Dol
2 o | 12106528)RG.. 01,04 5528 2 veruA | MpasszaRGeCT Check | Dol
1 n SME0 |Schotty Diode |02 00-2148A(5MB) |1 W seson Check | Del
1 % |ueoeoe  [1EDmedoms.. |03 Leooeoe |1 TOGALD | 1-2012R000QUY-A3 Check | Del
15 B Josueoe DsSMG.. [sMeozsMT |2 Chance G200 Check | Dol
1 W |y a maeeN |1 anx TaIA22K0067N Check | Dol
1 5 |somas nee s s i SMD005110 Check | Del
[ ) o1 Fe2 £, .| Fa0ecs i sunlord 21608300 3R0TF Check | el
19 7 |ocanzc e bwrz |2 VNTRON | TB110-405 N Check | el
2 6 |comooxzss |Doublefemle |12 conn-tee . |1 soomee  [zsirwEmr Check | oel
2 5 |momosa B wsiiosA |1 Honrun RS T105A Check | ool
2 ® |resico B PP aopxaseas |1 ney FoC.05r-a0pHzD) Check | el
2 a Pesim_|XHHeder |7 s |1 v zsons sane Check | Dl
2 2 |oMie |TFCudSodet |6 micosD |1 e X015 Check | ool
2 B |incuctorszd |ipHShiede | 112 oczszmon |2 Morsts LaMaHPNTRIMGOL Check | Dol
2 | 85, R, 1, .. |Restins B = ACORRROTIOKL Check | Del
z s |2 K12, R13R16,.._|Restind 5 vaGEo RCOs03R 07228, Check | Dol
2 0 ® RI7,R18 RIS, .. |RestG03 0 vaceo RTOG03FRDOTIKL i Check | Del
2 7 |re ) 2 vaGEo RIOGO3FREDTSOORL Check | Dol
0 s |sx 2, 26 36, .. |Rest03 0 aceo ACossEROTSIRL Check | Del

Figure 4-13: Edit BOM file and assign headers interface

c) Remove unnecessary rows using the Del (Delete) option in the Action column or by right clicking the
row number.

d) View the original pre-processed BOM data by clicking the Original tab. If you make a mistake and need
to start again or change files, click the Reload button.

e) Click the [Analyze BOM] to check the BOM for errors or [Next] to skip this step.
4.5.2. BOM Analysis

BOM analysis is an optional but highly recommended step to analyze the BOM file for inconsistencies and
errors such as duplicate designators, inconsistent parameters and incorrect quantities.

1. Click the [BOM Analysis] to initiate BOM processing and HQDFM will compare the designators in BOM with
the centroid file.

2. HQDFM will perform a quick analysis and the results will appear in the Analysis column to the right of the
original data. Any detected errors will appear in a red box. Hover over the box to display the full details.
Review these errors before moving onto the next step. A summary of the errors can also be exported by
clicking the Download Report button.

3. Not in centroid file: the centroid file contains parts that are not in the BOM file. This could be due to
accidental omission or purposely removed since it is not needed in this specific version. It could also be the
result of only exporting surface mount components in the centroid file. HQDFM can perform analysis on
through-hole parts as well so include these in the centroid data if possible.

Mot in centroid file
1

L A

Figure 4-14: Designator missing warning

4. Qty/Designators mismatch: HQDFM will count the number of designators and compare it with the value
marked in the Quantity column. This error will appear if there is a discrepancy between the two. Either
value can be modified directly by double-clicking the cell and typing in the new value. Then click the Check
option in the Action column to repeat analysis on this row and remove the error message.
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'a g
Qty/Designators mismatch
Actual Quantity: 1

Figure 4-15: Quantity/designator mismatch warning

5. Repeated Designator: HQDFM will compare the designators across the entire BOM to find duplicates. Each
designator should only correspond to a single part number and most of the time should only appear once in
the BOM file. HQDFM will highlight any duplicates and indicate the row number where the duplicates
appear.

In some cases, duplicates in a single row (same part) are acceptable. For example, for boards that are
repeated in a panel, the repeated boards have the same designator markings, therefore the BOM may have
many duplicates designators. These can be safely ignored.

an 1 Designator Package/Foot| =~ Quantity Manufacturer MPN Analysis
E% E;: E;: E'IS;),CE' CAPDG03 55 YAGED CCOBO3KRXTRTB... |.‘_ Repeated Designator C9[4] _)|
0402 CRGCQO402F10R No errors detected
1206 12064R30FTP Mo errors detected
C9, C28, C29, C53 | CAPDG03 4 FH 0603X475K100NT |: Repeated Designator CI[1] )|
e A TR PRETS AR A AR = T

Figure 4-16: Repeated designator warning

6. Package mismatch: HQDFM will capture keywords in the package field and compare them with the
description field to find discrepancies. For example, if the part has a PCB footprint of 0402 but the chosen
part has a size of 1210, this will be highlighted and designers should change the part or footprint.

Due to different unit systems being used, HQDFM may highlight a mismatch incorrectly. For example, the
LED in row 12 has the imperial size of 1210 but the package is written according to the metric size (3528). In
such cases, the errors can be safely ignored and changing the package name to 1210 will clear this error.

i 3528160 léw(ssz&) RGB

‘D\‘Dtt 3528 2

MEIHUA MHPA3528RGBCT [

Schottky Diode D2 DO-214AA(SMB) |1
LED red 0805 D3 LEDOBOSRED 1

Figure 4-17: Footprint error warning

1 SMBJ5.0
12 LEDO8OSRED

WPMtek SMBJS.0A

Description 11210
TOGIALED T-.

7. Once all errors have been reviewed and rectified, click Next to proceed to the next step.

8. If modifications were made, the BOM file can be exported using the [Export BOM] option. Select columns
to include and drag them to change the order.

4.5.3. Substitute Components

HQDFM supports the inclusion of substitute components in the BOM that can also take part in DFA analysis.
To do this, they must have their own row with footprint information, description and part number etc.

1. In the BOM, add a new row under the original part. The index number should be the original index number
followed by a period and a number from 1 to 9 with .1 being the first substitute parte.g. 1.1, 1.2, 1.3, 1.4,

1.5 etc. 1.2 would be the second substitute part for the primary part in row 1.

For substitute parts, only the MPN is required. Other information such as designators and quantity will be
taken from the primary part.

2. Upon importing into HQDFM, the software will recognize these as substitute parts and label them
accordingly in the Substitute Part column.
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Substitute Material No. Value Description 1 Designator Package/Foot) © Quantity Manufacturer MPN
€2, C3, €4, C5, C6, r
1 1 100nF €7 C8, €9, C10, .. CAPOGBD3 55 YAGEQ CCOBO3KRX7RYB... |_\.
2 Substitute Material 1.1 | 1.1 100nF 0402 CRGCO0402F10R
3 Substitute Material 1.2 |1.2 100nF 1206 12064R30FTP
4 2 4.7uF (9, C28, C29, C53 | CAPOG03 4 FH 0603X475K100NT |,

Figure 4-18: Sample substitute parts entry

Substitute parts can be set within HQDFM as well. These values will not be exported when using the export
BOM function however.

3. Click the substitute part’s cell in the Substitute Part column and click Set as substitute part.

4. In the new window, enter the row number of the primary part the selected part is substituting. Then click
OK. The part will then have the label .1 attached. Subsequent substitutes for the same primary part will be
labeled .2, .3, .4 and so on.

5. To convert a substitute part to a primary part, click the cell and select Set as primary part.

Once set, click next to proceed to the parts matching step.
There is no standard Bill of Materials format, and different EDA software export files with different headers
and information. For HQDFM to detect and process the correct information, some BOM files may require

simple pre-processing. HQDFM also supports built-in editing and the inclusion of alternative parts that can
also take part in analysis.

4.6. Parts Matching

4.6.1. Parts Matching Introduction

HQDFM'’s parts matching capabilities include footprint checking against HQDFM'’s database of over 5 million
package libraries maintained by over 20 engineers. These package libraries contain information on the size
and shape of the component body and pins, polarity and keep-out areas. With these libraries, HQDFM can
perform footprint checking and complex DFA analysis on the entire BOM with one click.

(HI NextPCB e


https://www.nextpcb.com/dfm/?utm_source=HQDFM_Manual%26utm_medium=PDF%26utm_campaign=HQDFM_PDF_V1

HQDFM User Manual

DFA Analysis - o

Search Compenent | Ente, A Match Settings

A Rematch

| Assembly Quotation | | [ Export Re sults

No. Component Details Package ComponentLib  Result | Sub. Lib, Action
Des. mPN Package x % Rot.  Result lction

Reference: 2

Manufacturer: YAGEQ

Manufacturer Part Number: CCO60:

Value: 100nF

€2 CCOGORXTRTBBIO4  CAPOGO3 000 000 18000

1 CAPOG03 | 0603 EXD-R2X-L16V | Pass | Fail | HQDFM | Replace

€3 CCOBOKRXTRVEBIO  CAPOSO3 000 000 | 72000

Reference:
Manufacturer: FH
2 | Monufocturer Part Number; 0603xq  CAPOG03 | 0603 EXD-ROT-L16V | Pass | - | HQDFM | Replace
Value: 4.7uF

Reference:

Manufacturer: FH

3 part Number: 06031 CAPOS03 | 0603 EXD-R2T-L16V | Pass | - | HQDFM | Replace

C4  CCOBOKRXTRVBBIO4  CAPOSO3 000 000 | 72000

€5 CCOBOKRXTR7BB1O4  CAPOSO3 000 000 | 72000

CCOGO3KRXTRTBBI04  CAPOS03 000 000 | 54000

€7 CCOGOKRXTRTBB1O4  CAPOSO3 000 000 | 54000

Value: TuF

Reference:

Manufacturer: FH
Manufacturer Part Number: 0805
Value: 10uF

Reference:

Manufacturer: Murata

€8 CCOBOKRXTRVEBIO4  CAPOSO3 000 000 | 45000

CAPOB0S | 0805 EXD-R2X-L20V | Pass | - | HQDFM | Replace § | ComepaRinio | caps o] o | 7o

1
2
3
4
5 G
6
8
Q

CCORMKRYTRTRRIL  CAPORNY asnon

 Library

-R2X ass |- Replace
M oot Nember: GRM1  CAP0S03 | 0603 EXD-R2X-L16V | P HODFM pl

Value: 220pF
Reference:

Copper
Silkscreen
ol

Solder Mask

FH
-R2X ass |- Replace
Momefoctoer Part Number: 1206xd  CAP1206 | 1206 EXD-R2X-L32v | P HODFM ol

Value: 224F CAP1206
Reference:

Manufacturer: Walsin
Manufacturer Part Number: 0603N
Value: 220F

Reference

Manufacturer: FH
Manufacturer Part Number: 0603
Value: 6.80F

Reference

Manufacturer: FH
Manufacturer Part Number; 040281
Value: 10nF

Reference:

10 e R evaiony B8 | LEDDAT-COXAS2W | Pass | - | HQDFM | Replace
Value: 3528LED 1210(3528) RGB LE
Reference:

Manufacturer: WPMiek
Manufacturer Part Number: SMBJS.

Apply to all
CAPOSO3 | 0603 EXD-R2X-L16V | Pass | - | HQDFM | Replace

® Align to Package
CAPOS03 | 0603 EXD-R2T-L6V | Pess | - | HQDFM | Replace Align to Library

Click Phg | ~

Click Pad | -~

CAPOGD3 | 0402 EXD-RX-L1OV | Pass | - | HQDFM | Replace

Align  Clear

JFA.

& 901 =

DO-214AA(5... | DO DXD-CX-L44W | Pass | - | HQDFM | Replace

Value: SMBJ5.0_ Schottky Diode
@ Maiched () Manually matched @ No match BOM Lines:55 Maiched: 38 No Match: 17 Total No. of Components: 192 Passed: 168  Failed: 24

Figure 4-19: Match Parts stage

v

Component List: The left side shows a simplified BOM list with analysis result for primary and substitute parts,
package information from the BOM and the corresponding HQDFM package library name. The total number
of components and the number that passed and failed matching and analysis is shown on the bottom.

Designator List: Clicking a row in the component list will display a table of all the designators for that part on
the top right side with their location and individual DFA analysis result.

Preview Window: Clicking a row in the designator list will cause the preview window to zoom into the
selected part’s location on the PCB board. This window has an interface for individual component alignment
and options to overlay PCB layers and supports pan and zoom actions.

Context Menu: Right-click to bring up the context menu

Manufacturer Part Number: EA3036C
Value: EA3036 EA3036

Reference:

Manufacturer: DIODES SoT23
Manufacturer Part Number: ZXCT1009

Value: ZXCT1009 IC CURRENT b Rematch
Reference: Remove Package

Manufacturer: WIZnet

[1‘ P INGUF SUUAS... ‘ LN UPF-INZ TL-LSUWSY I /B UK

SOT DSO-G3X-129W13[110-F OK

4 A
Manufacturer Part Number: W5| g | Ll ‘H4 x
Value: W5500 Export No Match Components No Match
Reference: Errors

Manufacturer: SK

Manufacturer Part Number: TL431
Value: TL431

Reference: ‘ ‘

Figure 4-20: Match Parts context menu

soT23 SOT DSO-G3U-L29W16T11-D OK

a) Rematch: Repeat analysis on a single component

b) Remove Package: Remove the currently matched package
c) Sort: Sort the list with No Match or Error entries on top

d) Export No Match parts: Export a list of No Match parts

4.6.2. Perform Parts Matching
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1. After BOM upload and verification, clicking the Next button will begin parts matching with HQDFM'’s
database. Depending on the number of parts in the BOM, this may take a few seconds to complete.

2. Matched parts will be marked in green in the components list. If there is no match, they will be marked in
red and require manual matching. Check the results of analysis for substitute parts by clicking the Sub. cell

to bring up the Substitute Part Analysis Results window. The layout is similar to the interface for primary
part verification.

3. For parts that failed analysis, click the row to bring up the designators on the top right section and view the
individual violations. Click a designator to bring up the preview of the part on the PCB in the section below.

4.6.3. Centroid file editing for individual components

In the designator list, the X, Y and Rot. columns show the displacement in the x, y and radial directions
respectively. The interface below the list can be used to move the component and change the rotation. Note

that changes can only be made to the components shown in the designators list above. Select the appropriate
component to make changes to that part.

' Library
Copper
Silkscreen

Drill

H i Solder Mask

Apply to all

m | 2 Rotate

® Align to Package
Align to Library

Click Py~ €2

Click Pad -~

Align  Clear

01

MM

Figure 4-21: Move part interface
a) Toggle PCB layers: Click the check boxes to show the respective PCB layer in the preview window.

b) Move All checkbox: By default, the changes made in this interface only affect the selected part. By
selecting this box, all instances of this part are affected by the changes.

c) Rotate: Click to rotate the part in 45 degree intervals to correct rotational errors.

d) Pad Alignment: Auto-align the part by selecting pads. Click a radial button to align using the entire
component package or a single pin. Using a pin for alignment is useful for aligning through-hole parts
since the pin must be at the centre of the plated hole. Click the part or part contact/pin until it is
highlighted. Then click the Click Pad button and click the pad or pads to use for alignment. Then click

align to move the part. Experiment with different pad combinations to centre the part with the PCB
land pattern.

e) Arrow buttons: Moves the component by set increments to correct offset in the xy direction. The
increment size can be changed by typing in the value in the middle of the arrows.

4.6.4. Manual Matching

A part may fail matching since the part MPN is not currently in the database. However, if the component has
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a common land pattern, you can search for the land pattern and manually assign it to the part.

a) Click the hourglass icon in the Package Library column to bring up the Search Library window on the

right.

[ ] ValUue: Uso_IVIInI_ivin Uso

Reference:

Manufacturer: Taitien
Manufacturer Part Number: OXKTE
Value: 25MHz

L

XTAL3ZM_P..,

|

Mo rmatch

Replace

Figure 4-22: Hourglass icon for a part with no matching footprint

b) In this window, enter keywords such as package name, pin count and pitch to search for an existing

package library that matches the part.

L Match Settings

Search Component | Enter designator

Search Library

1ame

Comp Lib | E

Reference | Ente e
Reference Package
1 USB-4-...
2 USB-E-...
2 USB-6-...
4 USB-6-...
5 USB-4-...

| Pitch

| ':_'_- Clear ' [ Search |
Size Pitch  Pins
12.921X18.6743 2 8
8.56X3.18X6.8 1 8
8.96X3.18X5 1 8
8.042X6.80243.16 1 10
14.02X14.0247 2 &

[

| Assembly Quotation | | [3 Export Results |

|e.g. 0.1

ary Name: BXC-PBP-L89V

Lib. Action

HODFM  Use
HQDFM  Use
HODFM - Use
HODFM - Use

HQDFM  Use

Figure 4-23: Search library interface

c) Click Use to apply and HQDFM will perform analysis on the new package.

If no suitable library exists, ignore the error and check the footprint matches the manufacturer’s

datasheet manually.

4.6.5. Assembly Quotation Calculator

Open
Open
Open
Open

Open

The Assembly Quotation calculator can be opened by clicking the button on the top right corner of the Match
Parts interface. Many PCB assembly houses calculate assembly fees based on the number and types of parts,

the number of surface mount assembly sides and the pad count. The Assembly Quotation Calculator can

summarize these values from the data provided to give you an overview of the design’s assembly complexity,

and can be exported to give to your assembly house or as part of an internal review process.
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PCE Assembly Checkdist

Components Details Package Designator Qty MPN
1 |YAGEQ_RTOG03BRDOTIKSL_1.5K Res0E03 R31,R71 2 RTOG03BRDOTIKSL
2 |YAGEO_CCOB03FRNPO9BN100_10 1% Res0603 R27 1 CCDE03FRNPO9BN100
3 | YAGEQ_YC164-FR-0722RL_RP4 22_ResisterdSMT RCA03-4D(06... RP1,RPZRP3,RP4,.. 12 YC164-FR-0722RL
4 | XKB_T5-1101-B-W_Button2P(SMT SW2P3XBX2.5... 51,5253 3 T5-1101-B-W
Confirm selected row |
5 | YAGEOQ_YC164-JR-07310RL_RP4 5 . RCAD3-4D(06... RP7,RP11 2 YC164-JR-07510RL
Sort b Automatic
6 |YAGEOQ_RTOE03BRDO7510RL_510 Default Res0603 R45 3 RT0D603BRDO7310RL
7 | YAGEQO_RCO603JR-07110KL_110K ResDB03 R28,R29,R34 3 RCOB03JR-07110KL
8 |YAGEQ_RCOGD3FR-OT16K2L_16.2K Res0&03 R39 1 RCOGO3FR-0716K2L
9 |Sunlord_PZ3216U121-3R0TF_0.03 Res1206 R30 d PZ3216U121-3R0TF
10 | YAGEO_ACDB03FR-D749KSL_49.9K ResDB03 R32 1 ACDB03FR-0749KSL

Please Check Confirmed DNP
Assembly Parameters Components
Assembly Qty |5 BOM Lines: SMT | 52 THT |3
SMT Sides Double Total parts: SMT | 188 THT |4
Solder THT  |Yes Pad Count: SMT | 1025 THT | 114
DNP Parts: 0 Via-in-pad: Wires: 0

PCB Dim.:  9.00X14.50cm  Pasts Area:

Export Close

Figure 4-24: Assembly Quotation Calculator interface
1. Clicking a part will bring up a preview of the package library on the PCB on the left and the part on the right.
2. HQDFM will try to guess the assembly type based on the data available. If it is not sure, the cell will be filled

in yellow and requires manual verification. Change the value by using the drop down box. If some parts do
not need to be assembled (DNP), click the drop down box and change the value to DNP (Do not populate).

ZU bt LN | 157
| 18 THT Cc
4 |SMT g Ce
THT
2 | Cc
DMP |
8 | Cc

10 SIW[—'JCC

Figure 4-25: Assembly type selection

The assembly type information is used to calculate the number of surface mount and through-hole parts
and pads for a single unit.

3. The Status column can be used to keep track and check-off verified parts. Click the drop down box to
change the status. You can also right-click the row and select Confirm selected row to change the status to

Confirmed directly.

4. Fill in the production parameters such as production quantity and the number of sides with surface mount
parts. A summary of other assembly related information will be listed at the bottom.

5. Click the export button to export a spreadsheet file containing the BOM list and assembly parameters for
reference.
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' A B c D E F G H ) K
Assembly Qty s SMT BOM Lines "a7 THT BOM Lines 6]
SMT Sides Double  No. of SMT Parts "181 No. of THT Parts C
i Solder THT No SMIT Pad Count "o71 THT Pad Count "114
DNP Parts o Via-in-pad Wires o
; PCB Dimensions 9.00X14.50cm__Paste Area
i Component Details Package Designator aty MPN Total | Matched| Pads | Total |Assembly| Status
Taitien_OXKTELIANF_25MHz [XTAL32M_P{Y1,Y2 2 OXKTELIANF 10 No 2 f) sMT -
i YAGEO_YC164 FR-0722RL_RFRCA03-4D(0|RPL,RP2,RP3,RP4,RP5,RA12 YC164-FR-0722RL 50 Yes ) %6 sMT Confirmed
| ANLOGIC_AL3510LG144 AL3{LQFP-144_1[U2 1 AL3S10LG144 5 Yes 145 145 sMT Confirmed
) YAGEO_YC164-JR-07510RL_R|RCA03-4D(0|RP7,RP11 3 YC164-1R-07510RL 10 Yes f) 16 sMT Confirmed
1 XKB_SK-32965-01-13_SW3_7 | MSs-12C01]sw1 1 SK-32965-01-L3 5 Yes f) f) SMT Confirmed
2 XKB_TS-1101-B-W_Button2P(|SW2P3X6X2]51,52,53 3 T5-11018-W 15 Yes 2 3 SMT Confirmed
3 YAGEO_RTO603BRDO71K5L 1|Res0603 _|R51,R71 2 RT0603BRDO71K5L 10 Yes 2 2 SMT Confirmed
4 YAGEO_RCO603FR-07510KL_JRes0603  |R31 1 RCO603FR-07510KL 5 Yes 2 2 sMT Confirmed
5 [YAGEO_RT0603BRDO7510RL |Res0603  |R45 1 RTO603BRDO7510RL |5 Yes 2 2 sMT Confirmed
5 YAGEO_ACO603FR-0749K9L 4Res0603  |R32 1 ACO603FR-0749K9L 5 Yes 2 2 sMT Confirmed
7 YAGEO_RCO603FR-0716K2L_JRes0603  |R39 1 RCO603FR-0716K2L 5 Yes 2 2 sMT Confirmed
3 YAGEO_RCOG03FR-O712KAL_JRes0603 _|R35 1 RCO603FR-0712K4L 5 Yes 2 2 SMT Confirmed
3 Microchip_MCP4728-E/UN_(MSOP50P49 U3,U13 2 MCP4728-E/UN 10 Yes 10 20 SMT Confirmed
2 Winbond W9825G6KH-6_W|TSOP8OP11§ ULl 1 W9825G6KH-6 5 Yes 54 54 sMT Confirmed
1 YAGEO_CCO603KRX7R7BB104CAPO603 | C2,C3,C4,C5,C6,C7,C8,C455 CCO603KRX7R7BB104 _ [275 Yes 2 110 sMT Confirmed

Figure 4-26: Assembly Quotation O'utputw

4.7. Component Categorization

Some IPC rules and DFA analysis methods depend on the component type. So it is important that all parts are
assigned the correct component category. The Part Type stage allows users to assign the part type from a list.

Search Componert | E: C  Match Settings

4)

Ne. Component Details Package Component Lib Size Pi | | Component Types (Hover for details)
1 YAGEO_CCOGO3KRXTRTBE104_100nF CAPDR0Z 0603 EXD-R2X-LIGWETE-A 1.6K0.8X0.3 3
17 R2T- R ) e 3 > w3
2 FH_DG03X47SK10DNT 4. 7uF CAPDR03 0803 EXD-R2T-L16WBTE-S 1.6K0.8X0.3 > & & ™
3 FH_DG03B105K160AT_IuF CAPDRDZ 0803 EXD-R2T-L16WSTE-S 1.6X0.8X0.3 : —d — —
-R2X- . 7 ;
4 FH_0B0SCG2ROCS0ONT_10uF CAPDEDS 0805 EXD-R2X-L20WI2T-| 2034127409 5 M _Chip = ol
5 Murats GRMI8ESCTHZROCADID_220pF CAPDE03 0603 EXD-R2X-L1BWBTE-C 16X0.8X08 :

6  FH_1206X226M160NT_22uF_CAP1206 CAPI206 1206 EXD-R2X-L32WIBTIE-K 32K16X1.6 3 ~ { | f
Z 1
7 Walsin_0503NTROCS00CT_22nF CAPOEDI 0803 EXD-R2X-L1BWSTE-E 16K0.8X03 ; l i , @

8 FH_D603CG2ROCSOONT_6.8nF CAPOEDI 0803 EXD-R2T-L16WETE-S 16K0.8X0.8 3
AE Chip Array CONN_SMD CONN_THD oiP
9 FH_D402B103KS00NT_10nF CAPDED3 0402 EXD-RZX-L1OWSTS-A X0.5X0.5 ;
Lo MEIHUA MHPA3528RGBCT 3528 ED_1210(3526) T e i S ) =
RGB LED. e
11 WPMtek SMBJS.0A SMBJS.0 Schottky Diode  DO-214AA(SMB) DO DXD-C2X-L44W36T21-C 4405K3.6202199 ¢ [ e -~
TOGIALED_D-52012R0BHQN V- ~=
12 A3_LEDOBOSRED_LED red 0805 620~630nm LEDOBOSRED  LED EXD-R2X-L20W12T-A 2x1.25%0.8 : MiD Cry svD Cry.THD
80-20mcd Front Mounting = <
MODULE DMA-R20X-
13 Chance GS2020_DIS_LED2 SMGO2SMT i e a 141X103 2 'Q g l
fa [BETRIAZZNIORNILZOh/GV Tontalim A3216-18N  A3216 DXD-CIX-LI2WI6TI6-E 32X16X1.6 : “ 3 ‘
Capacitor 3216
15 JKJK-SMDOBDS- 110_500mA 6Y_1000mA 6V RESCOB0S 0805 EXD-R2U-L21W13TB-A 21X1.35%0.85 2
% aFN are Radial sop sop
for | Eoeed PERoSUE SHEE 100 Pweriine FB0S03 0603 EXD-R2T-L16WETE-H 1.6X0.8X0.8 -

Ferrite Bead 0603 (1603 Metric)
MINTRON_MTB110-405_DC3-40_7C_2.54mm

17 Direct Insert Brass 2«20P 20 Simple cow DC3-40PZ  CONN BXC-PAOH-LSB4WBETI0-A  SBA2XBEXS 4 , . ‘ . . ’
constellation o d y v z

BOOMELE 2.54-2°0P 2 % ] i ‘
18 _Cam-2X9X2.34 Double Female Header 234mm  CONN-18P_30... CONN BXC-T12H-LI04WS0T0-A 30.48X0X9 1 N

Right Angle 2:9 90 50 DFN 50T TO_SMD TO_THD
19 Hanrun_HRI11105A_HRS11103A HRO11105A EUNN Ll 16.04X21.3X13.5 1
20 XUNPU_FPC-OSF-40PH20_RGBLCD4D FPC-40PXOSFG5 CONNTXC-LAZM-L244WSIT20-A  244X5.12¢2 4 =
Fi [FIDY HONREESANG KHSCAMM 2 XHSP2SAW  CONNTXC-GTV-LITAWTSTG1-A 1745KT.EX6 ‘ ‘ P

Header ; "~
22 XKB_XKTF-015-N_SD_Mi TF Card Socket SO CONN TXC-G15X-L147W147TI9-A  14.77X14.72X19 1

= R i MISC_SMD MISC_THD Shield

Figure 4-27: Part Type stage
4.7.1. Manual Assignment

Matched parts will have the Component Type automatically filled. Manually matched parts will require
manual assignment.

1. The right side displays illustrations of the various component types and their code names for reference.
Use this to identify the correct component type.

2. The selection will be saved so the next time the part is used, the last selected type will be assigned
automatically.
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DFA Analysis

4
| ANea |
tDetails Package ComponentLib, Size T re—— 1
04.1000F CAPDS03 0603 EXD-RZX-LIEWSTE-A 16408408 2 12 MChip
CAPDS03 0603 EXD-RZT-LIGWETE-5 1.6X0.8X0.8 2 13 SChip
CAPDSO3 | 0603 EXD-RZT-L1GWETE-S 16X0.8X08 2 1
F CAPORDS 0805 EXD-REX-L2OWIZTY-] 203127409 2 15 R
AD_220pF CAPDSD3 0603 EXD-R2X-L1GWETE-C 1608408 2 12 |
F_CAP1206 CAP1206 1206 EXD-RZX-L32WIBTIEK 32016416 2 26 Z::
panF CAPOG03 0603 EXD-R2X-LIGWSTE-E 16K0.8408 2 2 | oamany
nF CAPDGD3 0603 EXD-RZT-LIGWETB-S 1608508 2 13 CoNnSMD
CAPOS03 0402 EXD-REX-LIOWSTS-A 1K05K05 2 075 | CONN_THD
[[S32BLERZI 21003 3528 LED DAT-C4X-L32W2BTIE-A 3.202.8¢1.85 4 133 |Dip
0.Schottky Diode  DO-214AA(SMB) DO DXD-C2X-LA4W36T21-C 440566252199 2 42 ™id

Figure 4-28: Component Type selection

4.8. Set Direction of Travel

Many DFA rules and design considerations are affected by the PCB panel’s direction of travel, that is, how the panel
is designed to enter automated assembly equipment. The direction of travel has a significant impact as a design is
adapted for automated production.

Automated PCB assembly equipment use two conveyor belts of adjustable width to transport panels to and from
different machines. The two edges of the panel that run across the conveyor belts, also known as transmission sides
have clearance requirements and boards undergoing wave soldering have strict component placement guidelines.

Search Component | £ or | Match Settings

 Perform DFA

PCB Thickness 14

Set Direction of Travel ® up Down Left Right Set Direction of Travel o up Bottom Layer Left Right

Top Side. Bottom Side

Figure 4-29: Direction stage
1. In HQDFM, the direction of travel can be set independently for both top and bottom sides. Click the
relevant checkbox to change the direction of travel, using the red arrow for reference. Pointed tip marks

the side that will enter first.

2. The board thickness can be also be entered to be used in PCBA height calculations. The default value is
1.6mm.
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4.9. DFA Analysis Examples

4.9.1. Component Spacing

Limits: 94.49,125.98,188.98 mil

Insufficlent spacing between components can affect the
reliability of the boards.
Component shown are for reference only

‘ - ‘

e —

MISC_SMD MISC_SMD

Layer
Top Comp

Bot Comp

lected layers

Insufficient spacing between components can affect the
reliability of the boards.
Component shown are for reference only

Footprint
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4.9.2. Comp-to-Board Edge

4.9.3. Comp Height Analysis

(HlNextPCB

enonn

Instance (Click 1o View)

Top Comp

Top Comp

The overall welding height of the device will affect the
application of the product casing and other spaces
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4.9.4,. SMT Pad Analysis

Insufficient heel and toe length may lead to
poor solder fillets and affect reliability

'\ toe Em—— heel

side

ayer Analysis llem Instance (Click to View)

Top Comp

Eot Comp

Limits: 3.94,5.91,5.91 mil
Insufficient heel and toe length may lead to
poor solder fillets and affect reliability

heel

side
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(HlNextPCB

Layer Hem Instance (Click to View)

Top Comp £ 1 1. 0.1 imm(D1

Bot Comp

ent pad contact area may lead to
poor solder joints and affect reliability
toe

Analysis ltem

Oversized pads can cause SMD chip parts to rotate
or tombstone during reflow
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4.9.5. Chip Pads

Top Comp
Bot Comp

Instance [Clic

Excessive chip passive pad spacing

Insufficient chip passive pad length

1
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(HlNextPCB

Top Comp

L

ot Comp

mits: 31.50,31.50,27.56 mil

Excessive chip passive pad length
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5. Tools

5.1. Impedance Calculator

5.1.1. HQDFM’s impedance calculator is an advanced tool for calculating the trace impedance for multiple traces at
the same time based on stack-up templates. The stack-up structure can be modified in the Stack-Up Manager
on the left and the resulting structure can be saved in .json format.

Impedance Calculator

Layer Count |4 Board Thickness 1.6 Quter Copper 1oz Inner 050z Stack-up |A-2116json Load Template ® Symmetrical Trace Width/Spacing Units |MIL
Stack-Up Manager Controlled Impedance Requirements
Lamination Structure Type Thickness  Res. Copper Target | Layer Type Orig. Trace Width | Orig. Trace Spacing | Orig. Distance To Copper | Uppe
L1 FRERTS(0SSeE PN Copper 0.453mil 70 1 /50 u Single-ended ! / /
2116 op 4521mil
L2
i 1.2 H/H incl. copper Core  47.244mil ;g
2116 P 4921mil

L4 IFRERGZ(0BE52RPISEEN Copper 0453mil 70

Save | Laminated: 1.4634mm Final: 1.6000mm +/-10% Add Export Values | | Reverse Calculate | | Calculate All || Export Report |

Impedance Calculator
W2

- Lower Trace Width w1 Ao wall Tips:
CEr | jc2 ! Upper Trace Width w2 1. Enter impedance requirements and the line width to
} gcC1 AR, SN ' — calculate whether the required impedance can be met for
---------- 7 V| Se— p Substrate 1 Height H1 [a7323 e e
; Substrate 1 Dielectric Erl [4.2000 2. Fill in the relevant parameters, input the target
Er : impedance at the bottom, and click the Reverse Calculate
H1 | Trace Thickness T1 |1.3780 button to calculate the trace widths required to satisfy the
! ! . specified impedance requirement.
Coating Above Substrate C1 |1.1969
3. The raference layer thickness (H) is based on the
Coating Above Trace €2 |0.5000 specific stack-up and the selected reference layer
T Coating Dielectric CEr |3.5000 4. The stack-up can be edited directly in the left window.
Configure | | Caleulate

Figure 5-1: Impedance Calculator interface

5.2. Compare Gerber Files Tool

5.2.1. The Compare Gerber Files tool allows users to quickly open and compare two sets of Gerber files and find
differences between them.
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E Compare with

ES Compare Existing B3 import Files

Drag and drop files here

Figure 5-2: Compare Gerber Files tool interface

5.2.2. Steps: Compare Existing

Choose [Compare Existing] to compare files that have already been imported in HQDFM. This is useful if you
need to compare layers in the same set of Gerber files or compare changes made in HQDFM to individual

layers.

1. Import Gerber and drill files into HQDFM.

2. Open Compare Gerber Files tool and select [Compare Existing]

3. In the table, select the two layers to compare.

4. Click the plus sign to add more rows to compare other pairs of layers then click [Compare] to perform

comparison.
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Compare with

Add File Open
Compare |Layer v
Compare progress | 2.45 The smaller the value, the finer the result and the longer the
Comparison coefficient | 1.0
Compare Gerber Files Clear Only delete one layer
+ Select all ® Show all Differences Differences on top
Original layer Compare with Result Action
B  TopPaste Vv toppaste_1 e Delete
B Topsik v topsilk 1 v Delets
B  Top Solder v topsolder 1 v Delet=
a2 Top Copper W topcopper_1 hd Delet=
[ ] Inner2 W inner2_1 v Delete
B Inner3 v inner3 1 v Delets
a Bot Copper “ botcopper_1 v Delets
[ ] Bot Solder " botsalder_1 W Delete
B BotSik v botsilk 1 Vv Delete
B  BotPaste “ botpaste_1 e Delet=
toppaste_1
topsilk_1 )
Matched layers 14 No match Iayerbopso\der) | Clese
topcopper_1 -
inner2 1
inner3_1
botcopper_1
botsolder_1
botsilk_1

Figure 5-3: Comparing Gerber files in the same set of Gerber files.

5.2.3. Steps: Import Files

Select [Import Files] or drop files directly to compare the files already loaded in HQDFM with other Gerber
files. This is useful for comparing different sets of Gerber files, e.g. different versions.

1. Import Gerber and drill files into HQDFM.

2. Open Compare Gerber Files tool and select [Import Files]

3. Select the individual Gerber files to add (archive files not supported). Successfully imported layers will be
added to the table and temporarily added to the list of layers on the left of the workspace.

4. HQDFM will automatically try to match the layers according to layer type. If this is incorrect, change the

assignment using the drop-down menu.

5. Select/deselect the layers as required and click [Compare] to perform comparison. Processing will take
longer for larger files and more layers. Deselect some layers to speed up comparison.

5.2.4. Steps: Analyze differences

1. If differences were found, the result column will display Different and the [View] button will be red. Click
[View] to display the inconsistencies in the workspace.

2. Click the Differences radial button to only display identified differences in the table.

3. When the Show All radial button is selected, check the Differences on top checkbox to display identified

differences on top of the list.
4. Click [Clear] to clear the comparison resu

Its.

5. Click [Clear] with the checkbox ticked to delete the contents of the table
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Compare with

Add File Open
Compare |Layer hd
Compare progress |2.45 The smaller the value, the finer the result and the longer the

Comparison coefficient | 1.0

Compare Gerber Files Clear Only delete one layer

+ Select all #® Show all Differences Differences on top
2025-06-26 Deme 2 Result Action

B TopPaste “ toppaste_1 “  Different

B Topsik Vv topsilk_1 '  Exact Match |

B TopSolder “ topsolder_1 “  Different View

(] Top Copper “ topcopper_1 W Different

[ ] Inner2 “ inner2_1 " Exact Match View

a Inner3 % inner3_1 v Exact Match |

a Bot Solder ' botsolder_1 v Different View

[ ] Bot Silk “ botsilk_1 ' Exact Match

B  BotPast “ botpaste_1 “  Different |

a8 o V drl 1 “  Different ‘

Layers compared: 13 Different layers: 7 ‘ Close |

Figure 5-4: Compare Gerber Files result

5.2.5. Compare Gerber Files settings and interface

a) Compare: Choose to compare the whole layer, the elements within the board profile or a custom
selection of elements. For the Custom option, draw the box section to be compared in the workspace.
When successfully selected, the coordinates will be displayed on the right.

b) Compare progress: Change the Compare progress value. The higher the value, the faster the
comparison but the level of detail will be not be as fine.

c) Comparison coefficient: The default value is 1. Change the pixel size for comparisons.

5.3. Compare BOM Files

5.3.1. The Compare BOM Files tool can be used to find individual differences between BOM file versions with a
convenient side-by-side view.

5.3.2. Steps:

1. Import the two BOM files to be compared and assign the headings if required.

. Click [Compare]

3. Any differences will be highlighted in red on the right. Click the button in the Result column to jump to that
row.

4. Clicking a cell will show the full contents on the bottom. The contents of any cell can be edited by selecting
the cell and clicking [Edit] on the respective side. The preview field will turn white and the contents can be
modified. Repeat the Compare action as required.

5. The modified BOM can be exported to save the changes using the [Export] button.

N
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5.3.3. Compare BOM Files settings and interface:
a) [Import]/[Export]: Import BOM files for comparison and export modified BOM files.
b) Default: View the results in the same order as in the BOM file.
c) Differences: View the results with differences displayed on top.

d) Clear: Check this box to clear all imported data when exiting the tool.

3 Compare BOM Files o x
FleA N I  BOMaisx | Import | | Export | File'® NUS\Documents\NextPC8\HQDFM\Demo Fie\HQDFM-Demo_BOMsx | import | | Export | ® Defoult O Diffeences | Clear
Index ~ Velue * Desc.l - Designai~ Package~ Quantity ~ Manufac~ MPN 1 index ~ Value ~ Desc.l - Designal~ Pockage~ Quantty - Manufac™ MPN 1 Location Result
1| No.  Comment Descrption Designotor Footprint Quantity Manufect..  MPN 1| No.  Comment Descriptin Designator Footprint Quantiy Manufact. — MPN 1 A LRow 13, B (Row 11
Qoo : [=3=3) = TR
2 1 100nF QG cwwn s o coourr. | 2 1 1000 QEG wes s vaco  coosm. | 2 | AlRowd:BRowd
- R 100nF o2 crecooun.. || 3| 11 1000 003 cRocaa. || 3| AlRowsk:, B [Row3)
4| 1z o 1206 T0eR0FP | 4 | 12 Toonr 1206 1206820FTP || 4| AlRow:, B [Rowd)
s 2 A B ooy | 3 oK. | 5 2 e BB s 3 0TSk | 5 AlRowT) B (Row?)
a0, cs, g co.c, ;
5 H oF S b3 6 B ossBi0sk. | 6 3 1oF SRy s 6 FHORBIOSK. | 6| AlRows):, B [Rowd)
7 i TouF ey caes | 2 o oescamo. | 7 4 100F Loy cwos 2 M oBCGRO. | 7 AlRows): B [Rows)
. o, 7
5 s 2200 cnca casss | 2 Murta  GRMIESSC.. || 8 s 22008 RS s 2 Murta  GRMIESSC.. || 8 | A (Row 101, B: (Row10)
cucn e, ;
9 5 2 oapos G cenos 4 o sz, 9 6 26 cws L e s MO e, 9 AlRow 118 (Row il
07 220 a6 a1 Walin  OGBNTROC.. 0| 7 220 a6 caoss 1 Wakin  OGONIRGC.. 10| A:(Row 121, B: (Row 12)
noos GonF cao.c0  caroes | 2 B cecamo. 18 sanF cwoco o3 2 M osacGRo. 11| A[Rowi3li, B:fRowa)
2 s Tonf o5 canoes 1 Mo Bk, 2 9 TonF s cavoes 1 FH OABIOK. 12 AclRow 14k B CRow 1)
T 12106528 12106528) a2 s
B0 omaD Geee) o s 2 veHuA weee. 1B 10 D e OLDe 3 2 MEMUA MePA3S. 13| ARowsl:,B:[Row1s)
w| on o sveso SO g pogua T wemeek | sMBISOA M| 11 sMBiso oMY ) poou T WMk | sMBISOA M A [Row 1l B:(Rowl6)
LED red - . LEDred - :
5 12 e, D3 LoER. 1 TOGAED goll 35| 12 Leooe. 03 LOOGR. 1 TOGALED guo 15 AlRow 7B [Rown)
OIS sMG1, § DI MG, i et
6 u o osun DMey MG02. 2 | Chne | GRBO | G| 1 Dsum2 ey MG02. 2 Chmce om0 6| AlRowle):,BilRowe]
| ow zesw RN B aeiN A mA26Q. | 2w Jnem B e 1 AX TAM26K0. 17| AlRow19):, B (Row19)
K- Y K- :
1815 SOmAG/ 000mAS FLRLFS | RESCONS 3 K vomost. 8| 15 somAsv Tooomaev FLRLF Rescoss 3 K vomes. 18| A CRow20:, B [Row2)
PowerLine 81, F62 . Powerline FB, B2, : ow 21, B: (Row
TR o Jowerlne FOLEZ | raoss Swlod | PZIGORUN. 19 16 w0 | Poweriie LEZ | raoso3 Sulerd  PZIGOBUSD.. 19| A [Row21):, B:[Row21)
® | v ooz 2MMM oy u pcaez 2 MNRON MIBNOMS 20 17 DCh0zC MMy pcapz 2 MINTRON MTBNOMS 20| A(Row2:,B:[Row2)
Doubie 250298 Double 2542907 o
2| 1w cm2e. 2O, cowwie. 1 soowee 2¥ZJ 2| 8 cama. Dok 2 cowwie. 1 soomee 2323 2 AfRow2s): B:Row2))
2| 1 oo B WA 1 Haun | HRSIIIOSA 2| 19 HRSTIIOSA B HeTIOsA 1 Houn | HRSTIOSA 22 AclRow 2415, B (Row24)
Rowis  Col5  RESCO80S €t Rows  Col4  Original value: C33, C41 33,00, 82 edit

Figure 5-5: Compare BOM files interface
e) Row and Column: The selected cell’s row and column will be shown here.

f) Details box: Error messages will be shown here such as duplicate designators, mismatching quantities
etc.

g) [Close]: Closes the Compare BOM files window. If the Clear checkbox is not selected, the current
session will be saved the next time you open the tool (but not if the project is closed).

5.4. Compare IPC Nets

5.4.1. Mistakes in the design file or export procedure may cause errors to appear in the production files that are not
detectable in the EDA software. By using the Compare IPC Nets tool, shorts and opens can be identified by
using IPC netlist files.

5.4.2. Steps:

a) You will need the IPC netlist (.ipc) file. Netlist export is supported by many EDA tools.
b) Import the Gerber and drill files and open the Compare IPC Nets tool. If the netlist file was imported

with the Gerber files, you can also bring up the tool by first performing DFM Analysis then click the
[Check] button next to the Opens/Shorts item.
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c) Import the .ipc netlist file and click [Compare]. If the netlist file was imported with the Gerber files, the
filename will automatically appear in the top field.

d) Any anomalies will be displayed in the table. Click an entry then click a PCB layer to zoom into the nets
in the workspace. Objects in green are areas that are not connected that should be according to the IPC
netlist. For shorts, the shorted nets will be shown and labeled in different colors.

Compare IPC Nets

IPC Netlist File | Fabrication Testpoint Report for DFM-demo.ipc Select
Comparison Results Test Point Layer
Top
2 : Show |Opens/Shorts
Opens: 2 Shorts: 0 oo
1PC Net Design Net Result
" J PCB Layer
1 383 i HO-Netd016HO-Netd323 Open e
2 Vref HO-Net0217, HQ-Net0257 Open _
Bot Copper
Drl
Label Size | 0.60 Label Type |Long Export List
Shorts caused by screw holes and jumpers can be ignered Compare Close.

Figure 5-6: Compare IPC Nets interface
5.4.3. Other options:
a) Label Size: Change the size of the text label in the workspace

b) Label Type: Change how labels are shown in the workspace or not shown at all.

5.5. Calculate Copper Area

5.5.1. Calculate the percentage copper coverage in circuit layers. Simply click calculate and the tool will calculate the
copper area as a percentage of the total board area. This can be useful for gaining insights into the copper
distribution between layers.
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Figure 5-7: Compare Copper Area interface

5.6. Count Solder Pads

5.6.1. The solder pad area calculator counts the number of surface mount and through-hole solder pads to give the
solder pad count or pin count as otherwise known.

Click the Count button to automatically count all the pads. The View buttons on the side can be used to view
and verify the pads which have been included in the calculation. Note that these pads are counted purely
based on their layer properties and not whether they are included in the BOM or not.

]
T g e e
LU

Figure 5-8: Count Solder Pads interface
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5.7. Find Component

5.7.1. Quickly find the location of any part on the board by importing the centroid file and specifying it’s designator.
You can also click the part in the list directly. If you have already imported the centroid file in the PCBA
Analysis wizard then there is no need to import it again.

Designator Package Rotation

0,000

L

Figure 5-9: Find Component interface

5.8. Panelization Tool

5.8.1. The panelization tool can be used to create panelized Gerber data with v-cuts, tabs, stamp holes, fiducial
marks and breakaway rails quickly.

a) Ensure the profile has been created and in the panelization tool window, select the layer that contains
the profile under the Basic Info section.

b) The Panel Outline field is the name of the output file that will be generated. The default value is ‘set’
and can be changed by editing this field.

c) Choose the Panelization Type. You can choose from Regular, Rotate and Flip types.
d) Enter the number of board copies in the x and y directions and the preview on the right will update.

e) Enter the width in mm of any gaps between adjacent boards. By default these gaps will be hollow -
check the connect outline box to place a filler piece in the gaps.

f) Select from preset breakaway rail configurations such as Left & Right, Top & Bottom, Four sides or
custom values. Each width can be set individually or together by first changing the Width field then

selecting the preset configuration.

g) The sizes of Fiducial Marks and tooling holes can be modified by changing the diameter value.
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h) Click apply and the panel data will be generated in the workspace and panel dimensions will be updated.

&2 Panelization Tool

Size 144.99X90.00 Units mm
Basic Info
rd Qutline OQutline (Orig Layer)

nel Outline  set (Set Layer)

ation Type Regular

Set Param,spacing can be negative
Fcopies: X 1 ¥i1

ard gap: X 0.00 Y 0.00 (can be negative)

Short MNone Width 5.00
Top 0.00 Jotiom 0.00 Y0
Left 0.00 Right 0.00 ird to rail gap: X | 0
Fill gaps Route between fill and ra Add tabs to curved edge
dd Stamp Hole Add Tabs »ort Panel Outl | | Utilization Rate
Panel Siz  144.99X90.00 Apply Close

Figure 5-10: Panelization Tool interface

5.8.2. Panelization Tips

Rotate Panelization: Rotate panelization can be used to utilize panel space more efficiently for boards of a
certain shape i.e. ‘L’ shaped boards. Select the Rotate panelization mode and for the X or Y spacing then enter
a negative value to move the boards closer together. Rotate panelization can also be used to move sides with
overhanging components to the outer edges of the panel to prevent them from interfering with assembly.

Basic Info

rd Outline Outline_ ol (Orig Layer)

nel Outline  set (Set Layer)

ation Type Rotate v Rot X RotY + Rotfrom 1st
Set Param,spacing can be negative

fcopies: X 2 v |2

ard gap: X -13 Y 3 (can be negative)

outline  « Connect outline

Short Four Sides Width 15.00

Top 15.00 Jottom  15.00 YO
Left | 15.00 Right 15.00 ird to rail gap: X |0
« markPt | 1.0 locPt | 2.0
Fill gaps Route between fill and ra Add tabs to curved edge

Figure 5-11: Setting up Rotate panelization for interlocking boards
Add Stamp Holes: Use the stamp hole tool to add tabs between boards lined with stamp holes. The number

of holes, spacing and size can all be modified. Move the mouse to the spacing between boards. The outline of
a tab with stamp holes will appear if tabs can be added in the area. Click to add the tab.
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Add Stamp Holes

Hole Count 6
Hole Diameter 0.5

Hole Spacing 0.3

Click gaps between boards to place tabs

Tab Array
¥ Count | 2 I X Offset [ 150
¥ Count |1 ¥ Offset | 95.00
. /

Figure 5-12: Add stamp holes tool interface

5.9. Routing Distance Calculator

5.9.1. Select the outline and drill layer and the calculator will automatically select the appropriate routing tool size
based on the width of the slots. To calculate the routing distance, first click the Analyze button to create the
data layer which identifies breakaway rails from boards area. Click Generate to create the rou layer which
contains route paths.

Calculate Routing Distance

Setup
Outline Layer set
Drill Layer Drl
Large Bit Diameter 1.6 mm
Mid Bit Diameter 1.0 mm
Small Bit Diameter 0.8 mm
Result
Route Count 0
Route Distance 0.0
Route Density 0.0
Analyze | | Generate

Figure 5-13: Calculate Routing Distance tool interface
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R Calculate Routing Distance

Drill Layer
Large Bit Diameter
Mid Bit Diameter

Small Bit Diameter

Figure 5-14: Routing and data layers

5.10. Utilization Rate Calculator

5.10.1. PCB raw substrate comes in fixed sizes from the manufacture. Before production, these panels need to be
cut into smaller production panels for easier handling and the size of these panels is designed to maximize
utilization rate and minimize waste.

PCB designers can use the utilization rate calculator to optimize the dimensions of their boards or panel for
larger batch runs where waste can quickly accumulate.

Use the Utilization Rate calculator to calculate the utilization rate and the number of boards that can fit on
raw panels of various sizes. The calculator will also suggest cut panel sizes and layouts. The greater the
utilization rate, the less board material that goes to waste.

Utilization rate is defined as:

Board area x no. of boards per standard panel
Raw panel area

Ensure the board’s dimensions have been defined or enter them on the calculator. Enter the number and size
of test coupons if required. Maximum and minimum panel sizes can be modified as well. Calculations for
multiple raw manufacturing panel sizes can be performed simultaneously by selecting the check boxes. Then
click calculate to view the results.

The table shows the utilization rates for each configuration. Click a row to bring up the diagrams of the panels
on the bottom. The cut panel design is displayed on the left and the raw panel is displayed on the right. Note
that the boards in the cut panel will be fully routed out. If your design is to be produced as a panel, the
dimensions of the panel should be entered in the calculator.

Click the FPC tab for the flexible PCB boards (FPC) calculator. The process is the same, however flex PCB
substrate material typically produced in reels of a fixed width, therefore the width is limited but the length
has greater freedom.
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The effect on utilization rate is more apparent as board sizes get larger, which is more likely as boards are
panelized.

Utilization Rate Calculator

PCB (FR4) FPC

Layer Count - Raw Panel Utiliz. Rate Panel Size Boards per Panel  Panel Count  Layer Count
Board Length 304.98 mm 82.66% 6227347 3 6 4
1245%1041
Board Width 195.00 mm 69.12% 6227415 3 5 4
Impedance Coupons 0 82.66% 604622 6 6 4
208271245
Coupon Length 125 mm 65.92% 604°520 4 7 4
Coupan Width 8 mm 82.66% 622*347 3 12 4
213441245
Panel Spacing 16 Tt T84T 6047546 5 7 4
Edge Margin 12 o 78.80% 6227364 3 6 4
1245+1092
Max Panel Length 694 mm 70.05% 622'546 4 4 4
Min Panel Length 415 mm
124500 ———
Max Panel Width 622 mm
Min Panel Width 347 mm
+ Allow mixed orientation for higher utilization rate
g =
Raw Panel W 124571041 s T I
W 12451002 A = =
o 1245°340 ¥
V208241245
V212441245
Calaulate 8500 [ ——

Figure 5-15: Utilization Rate Calculator

When the board is greater than half the width and length of the production panel, the panel can only
accommodate one board, resulting in very high wastage which may incur additional costs. This can be
reduced by designing a more rectangular board that is much longer than it is wide.
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