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Quality & Reliability Start with Documentation

• Clear and concise

• Complete, include all information

• Up-to-date

Part of DfX: Design for Excellence

• Design for Manufacture

• Design for Reliability

• Design for Sourcing
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Goals
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Target Approach

Accurate quotation • Human readable summary

• Easy to read and digest

• Highlight key process-defining features

Within specification • Referring to industrial standards

• Proper tolerances

Acceptable quality • Quality controls and reports clearly defined

Minimum cost • Easy quoting reduces margin

Retain intellectual property • Don’t allow changes which are not reflected in the design



Three Layers
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Design

Generic 
Specification

Industry Standards

• IPC-2221A

• IPC-6011, IPC-A-600

• IPC-A-610, J-STD-001

• etc

EDA or design files

Standard documents, 

generic for all designs



Three Major Steps
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Bare PCB 
Manufacturing

PCB 
Assembly

Mechanical 
Integration
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Bare PCB Manufacturing



Bare PCB Manufacturing

The PCB is the most critical single component in an assembly

→If the PCB fails, the entire assembly will be scrapped.

Traditionally:

• Engineering drawings, sent as Gerbers + drill file.

• Often including any notes as “fab notes”, directly on the 

drawings.

• PDF of Gerbers if you’re friendly.
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Broadly classified into two categories

Specification

• Human readable summary

• Standardised template

• Refers to IPC

• Easy quoting

• Highlight unique features

Production Files

• Engineering Drawings

• Detailed fab notes

• Gerber files

• Drill file
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EDA Template

Specification

• _specif.pdf, summary 

specification

Optional:

• _stack-up.pdf (only when 

relevant)

Production Files

• _mfg.zip, CAD files (Gerbers + 

drill) for programming machines

• _mfg.pdf, human readable PDF 

of Gerbers + drill file
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Specification (_specif.pdf, _stack-up.pdf)

Forms the basis of the contract

• Board dimensions, final thickness, number of layers

• Surface finish (default to ENIG) 

• Minimum hole size 

• Controlled impedances (yes/no) 

• Press-fit components (yes/no) 

• Filled and capped vias (yes/no)

• etc

• Standard template for IPC requirements, packaging requirements, quality reports, 

halogen free base material (CERN directive IS41), etc
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Specification
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Stack-Up (with impedance simulation)
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Manufacturing (_mfg.pdf, _mfg.zip)

• PDF print of engineering drawings

• Includes all layers: copper, mask, silk, paste, drill, panelisation

• Specific fab notes

• Only to give detail on points already included in Specification!

• Stack-up table again in fab notes if relevant.

18/11/2021 Documentation for Production – PCBs and Assembly 13



Manufacturing Drawings
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Quality and Acceptance

• Electrical test (flying probe)

• Micro-section report

• Test coupons (if >2 layers)

• Impedance control if relevant 

(coupons + test report)
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What can go wrong…
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PCB Assembly



Design Specific Documentation

Human Readable

• Bill of Materials (BoM)

• Colour plans

• Clearly show process steps: 

SMT top, SMT bot, THT top, 

post assembly, etc.

Machine Files

• Solder paste stencil

• SMT pick & place (top/bot)

Optional:

• ASCII CAD or ODB++

• AOI
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Bill of Materials (BoM)
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Colour Plan
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Machine Files

• General advice:

• ASCII CAD (export from Altium)

or OBD++ streamlines 

programming

• ALWAYS manage the panel 

layout in CAD, do not leave it to 

the PCB manufacturer.

→ Panel data in P&P + stencil!

• P&P for each component:

• Reference

• x-position

• y-position

• Rotation

• Part number
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To Reiterate…



Goals
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Target Approach

Accurate quotation • Human readable summary

• Easy to read and digest

• Highlight key process-defining features

Within specification • Referring to industrial standards

• Proper tolerances

Acceptable quality • Quality controls and reports clearly defined

Minimum cost • Easy, clear quoting reduces margin

Retain intellectual property • Don’t allow changes which are not reflected in the design

→ Human readable

→ Standard templates

→ Don’t over-specify

→ Contract basis

→ Changes not allowed unless clearly discussed



Three Layers
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Design

Generic 
Specification

Industry Standards

• IPC-2221A

• IPC-6011, IPC-A-600

• IPC-A-610, J-STD-001

• etc

EDA or design files

Standard documents, 

generic for all designs



Final Tips

Start with standard libraries

• https://twiki.cern.ch/twiki/bin/view/Electronic

Modules/ComponentLibraries

• Available for Altium and Cadence

• Very well maintained and standardised

• “For free” to the CERN community

Frequently Asked Questions

• https://twiki.cern.ch/twiki/bin/view/Electronic

Modules/WebHome
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https://twiki.cern.ch/twiki/bin/view/ElectronicModules/ComponentLibraries
https://twiki.cern.ch/twiki/bin/view/ElectronicModules/WebHome


Thank you for your 

attention!
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TE-MPE-EM

S. KaufmannPH_QA_Workshop_04.11.2011.pptx

UNRELIABILITY AT CERN

Practical case: poor outsourcing practices

- Double-sided SMD

- 1 CoB (chip on board)

- 2 connectors

- 12 resistors/capacitors

Does this board 

look like rocket 

science?

- 600+ boards

- 50% yield due to PCB 

delamination
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UNRELIABILITY AT CERN

Poor design practices: some examples

BGA design classics

Every ball shall have an individual pad 

with the same shape, except on certain 

occasions for reliability improvement

Vias close to BGA pads shall be tented to 

avoid solder wicking inside it and thus 

ensure homogene solder volume in joints


