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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




Goals

Approach

Accurate gquotation  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
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Three Layers

- EDA or design files

Design

G ene rl C - Standard documents,
Specification

generic for all designs

 |IPC-2221A
 |PC-6011, IPC-A-600
 |IPC-A-610, J-STD-001

etc
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Three Major Steps

Bare PCB

Manufacturing

PCB
Assembly

»




Bare PCB Manufacturing
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Bare PCB Manufacturing

The PCB is the most critical single component in an assembly
—>1f the PCB falls, 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.




Broadly classified into two categories

Specification Production Files
 Human readable summary * Engineering Drawings
- Standardised template  Detailed fab notes

» Refers to IPC * Gerber files

- Easy quoting * Drill file

Highlight unique features
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EDA Template

Specification

_specif.pdf, summary
specification

Optional:

_stack-up.pdf (only when
relevant)

Production Files

_mmfg.zip, CAD files (Gerbers +
drill) for programming machines

__mfg.pdf, human readable PDF
of Gerbers + drill file

Files

| G | & Download all
[C] Mame
(] EDA-04251-V1_mfg.zip
[ EDA-04251-V1_mfg.pdf
(] EDA-04251-V1_specif pdf
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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 1541), etc
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CERN — Organisation Européenne pour la Recherche Nucléaire — European Organization for Nuclear Research

= European Organization for Nuclear Research

CERN — Organisation Européenne pour la Recherche Nucléai

@ @Technology Department Ige;iig: FIQs1-1 @) @Technology Department l;;:iig: FGS11

TE/MPE/EM Electronic Modules TE/MPE/EM Electronic Modules

| PCB Fabrication Specification Additional Plating Requirements

Finished external layers and plated through holes plating shall be 25pm.
The copper plating shall be performed with plating chemistries/processes commensurate with the maximum

Designation aspect ratio plated hole in the board. The aspect ratio is defined as the ratio of the board thickness divided by
Number — the smallest drilled hole diameter on the board.
Title W Date:  26-Nov-2018 The quality of the copper plating shall be verified accordingto IPC-TM-650, 2.4.18.1 as to tensile strength and
Cusfome!; according to IPC-TM-650, 2.4.2.1 as to ductility.
Thieving may be added outside the circuit board border fo compensate for high density areas on the board.
Contact _eleclronics-design-office@cern.ch Etude/Design: P. Vulliez For thieving within the borders of the circuit board approval is required.
PCB should be manufactured with Panasonic Megtron-6
Mechanical Description Vias/Through Holes Requirements
External Size (mm): 280.0mm x  322.3mm Thickness [mm]: 245 MNon functional lands shall not be removed on layers 1, 2, 3, N-2, N-1 and N. Other non functional lands

may be removed as long as no removal on adjacent layers oceurs.

PCB type : Multilayers 22 Layers Panel: NO - ke
Negative etchback is not allowed. Positive etchback is permissible to 0.2mils maximum.
All holes are located on the basic modular grid system. All holes shall be located within a 3-mils-diameter
Finished Copper Thicknesses Requirements of true position. Drilling should be according to IPC-DR-572.
External Layers [.m]: S0u Internal Layers - Planes [um]: 17.5/70u Via holes are specified as to drilled hole size; for these holes the finished hole size is for reference only
Holes Walls [xm]: 250 Internal Layers - Signals [um]: 17.50 Holes receiving component leads or pins are specified as to finished hole size.

** Holes Cap plating shall be in accordance to IPC6012C-3.6.2.11.2 Fig 3.16 and table 3-10 Class 3:
Copper thickness min 12p. Dimples over resin filling max 50uy. Bumps/profrusion over resin filling max 50u.

Board Finish Requirements

Silkscreen On Top: YES Silkscreen On Bottomn: YES Additional Board Finish Requirements
Silkscreen Colour: White Solder mask over bare copper according to IPC-SM-840, class H. All fiducials, lands and holes, except vias,
Soldermask On Top: YES Soldermask On Battomn: YES shall be free of solder mask material
Soldermask Colour: Green Silkscreen shall be with permanent, organic, non-conductive and RoHS compliant ink. Silkscreen ink must be
. capable to withstand peak temperatures of 260-270°C for a duration of 60 seconds and at least 3-4 cycles
Surface Finish: ENIG - Electroless Nickel/lImmersion Gold according to IPC-4552 without discoloration.
Thicknesses: Ni: 3pm min - 6pm max / Au: 0.05pm min - 0.125pm max An identification marking shall be applied on the PCB. It shall contain the PCB manufacturer logo, UL marking,

date-code and surface finish according te J-STD-609. Marking shall be applied on silkscreen and located in the
indicated area near the TE/MPE logo.

Additional Information

M Track Width: 0.090: Mi Track/Pad Cl 4 0.085i ryry n r
oo e o L e e T o Additional Quality Control Requirements
Minimum Hole Diameter: 0-25mm \Wedge Aluminium Wire Bonding: NO The printed wiring board, and test coupon when used in lieu of a preduction board, shall be according to
Buried Holes: NO Blind Holes: YES IPC-2221 and IPC-2222, type 3, class2. Date code and PCB manufacturer logo shall be present on test
Filled and Capped Vias: YES coupons for traceability _ _
B Fi Throueh Fidles: VES Cord Edoa G o o Acceptance of finished printed boards shall be in accordance with IPC-A-600, class 3.
ress-it Through Holes: ar ge Lonnector: Fabrication and inspection shall be according to IPC-6011 and IPC-6012, class 3.
Specified Stackup: YES * Controlled Impedance: YES* The maximum allowable bow and twist shall be 0.75%.
Electrical Test: YES Test Coupons Required: YES All quality controls shall be performed per IPC-TM-650 procedures and per IPC-4552.
* = Voir/See hitp:/edms.cern.chinavEDA-03452-V3-0 - Manufacturing - EDA-D3452-V3_mfg.pdf
Laminate And Copper Foils Requirements Packing Requirements
Base malerial, when used. shall be flame retardant rated UL 94V-0 laminate glass fiber epoxy and conform to L94 Boards shall be wrapped in_sulfur-free neutral PH wrapping paper and shipped in vacuum-sealed anti-static bags.
according to IPC-4101/128 , halogen-free. Copper shall be type H with pits and dent, class B. When procuring A humidity indicator and desiccant may be inseried in the bags.

base material the following are required: minimum TG 180°C, minimum TD(8%) 350°C, minimum T-288 38min,

maximum Z-axis thermal expansion coefficient above TG 280PPM/°C (alternatively Z-axis thermal expansion

coeflicient_between 50-260°C of 3.5% maximum is acceplable). Quality Documentation To Be Delivered

A certificate of conformity shall be delivered with the PCB's. It shall declare all material used (laminate exact

Prepreg material shall conform to P94 according to IPC-4101/128, halogen-free and be subjected to the same ! A ;
type, soldermask, silkscreen, etc) and their respective lot numbers

requirement set forth_for the laminate base material

All internal layer copper foils shall conform to IPC-4562/3 CU-E3, class 2

/\
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Stack-Up (with impedance simulation)

Layer Stack up Supplier| Description| Description| Type| Thickness| &r Type

0.020 4.000

1 isA A 8 A A A A LA MAA 0.028 Signal
I s | 0.100 4300

2 © 0.035 Flane
= 0.400 4300

3 - 0.035 Mizeed
|l S 0.400 4300

4 . 0.035 Flane
5] 0400 4.200

3 - 0.035 Flane
0.100 4.300

8 TP V9P PP WY W W W 0.035 Signal

Ground
Ref. Trace | Trace Trace Strip

Ref. n
Structure | Impedance i Flane 1| Plane 2| Width | Width | Separation| Calculatad Target Saparation
Image [s] Structure Name i 1) | (W2 (S51) Impadance| Impadance (D1}

1 Coated Microstrip 18 1 2 ] 0150 0450 0.000 50.070 50.000 10.000  0.000

Edge Coupled Coated Microstrip 18 1 2 0 0100 0100 0.150 100.650 100.000 10.000 0.000

Offset Coplanar Waveguide 1814 3 2 4 0100 0100 0.000 TET10 T5.000 10.000 1.000 short 75 ohms lines on TOR layer are not achievable.
validsted at ~&1ohms.
D1is 1mim to avoid impact on the lines

Offzet Coplanar Waveguide 181A 3 2 4 0.330 0230 0.000 48.510 50.000 10.000  1.000 D is 1mm to avoid impact on the lines

Coated Microstrip 18 G 5 ] 0150 0.150 0.000 50.070 50.000 10.000  0.000

Edge Coupled Coated Microstrip 1B 6 5 0 0100 0100 0.150 100.650 100.000 10.000 0.000

Mechatronics
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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.
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Manufacturing Drawings

Slot definitions : Routed Path

General tolerances +/—0.05mm unless otherwise stated
*Filed and Capped Holes (see PCB Specification)

= Calculated from tool start centre position to tool end centre position.
Hole Length = Routed Path Length + Tool Size = Slot length as defined in the PCB layout

\

cﬁﬂ/

N7

ERRTERN

ERRRN Y
EA

b3

xR12
Symbol |Count Hole Size Plated IDrI Layer Pair | Hole Length TRouted Path Length | Comments
° 88 025mm (984mi) |PTH | Top Layer — Bottom Layer = =
B 12 025mm (986mi) |PTH | Top Layer — Bottom Loyer - - *Filed and copped holes
F 6 040mm (1575m1) |PTH | Top Layer — Bottom Loyer - -
© 2 060mm (2362mi) |PTH | Top Loyer — Bottom Layer 1.10mm (4331mi) |050mm (19.69mi)
H] 2 080mm (2362mi) |PTH | Top Layer — Bottom Loyer, 1.30mm (51.18mi) | 070mm (27.56mi)
© 24 085mm (2550mi) |PTH | Top Layer — Bottom Layerll Pad - -
A 10 090mm (3543mi) [PTH | Top Loyer = Bottom Layel| Pod - -
o 30 100mm (3837mi) |PTH | Top Layer — Bottorn Layd | Pad - -
o 2 1.aomm (5512mi) |PTH | Top Layer — Bottom Loyl [Pod - -
v 14 150mm (5306mi) |PTH | Top Layer — Bottom Lof | Pad - -
x 8 160mm (6299m) |PTH | Tep Layer — Bottom Ller |Pad - -
<] 5 1.70mm (6693mi) |PTH  |Top Layer — Bottom Pod - -
E s 180mm (7087mi) |PTH | Top Layer — Bottom Wer | Pod - -
= 6 200mm (7874mi) |FTH | Top Layer — Bottom [Miyer | Pad - -
D 2 270mm (106.30mi) |PTH | Top Layer — Bottorn Mayer | Pad - -
© 2 310mm (12208mi) |PTH | Tep Loyer — Bot loyer | Pog - -
] + 130mm (5118mi) |NPTH | Top Layer — Bottorfflayer | Pad - -
4 1.40mm (5512mi) |NPTH | Top Loyer — Bottom Layer |Pad - -
< 5 s o Botlor Lo locd - -
. p— P

*Filed ond Copped Holes (see PCB Specification)

‘Siot definitions : Routed Path Length = Calculated from tool stort centre position to- tool end position.
Hole Langth = Routed Path Length + Tool Size = Set kength os defined i the PCB layout

General tolerances +/-0.05mm unless otherwise stated

i

i
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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
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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 stencll
« SMT pick & place (top/bot)

Optional:

* ASCII CAD or ODB++
* AOI

18



Il of Materials (BoM)

Controls
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EDA-04443-V1-0

|Lee composzants dolvent efre fournls ROHS autant que possible) LiSE de matériel / Material List [Parts must be supplied ROH S a3 much a2 posslbls)

Client'Customer: Through pins: A
DATE: SMD pins on TOP: &10
SMD pins om BOTTOM: 122
Board dimensions: 140.0x50.2mm (Components on TOP: 244 [EMD=215], on BOTTOM: 40 [SMO=40])| Total nb of pins: ag1
Qty| SCEM |Description | value |Fournisseur/Manufacturer Part Number Boitier/Outline
Circuit Imprimé / Printed Circuit Board
EDA-04443- 1] 1 | |NAGZ Active CFD Frimted Circuit Board (bare) | |Fanel of 2 PCHs. 1400050 Smim
Matériel monté sur le PCB / Parts mounted on the PCB
C1,C18,C20| 2 50\ 5% SMD Ceramic Capacitor - Class1 NPOICOG 1nF_|GEMERIC CCO0402_NF_ 50V 5% NPO 0402
Cc2-=CT.Cco-=C11| &0 18 10% SMD X7R Ceramic Capacitor 10nF |GEMERIC CC0402 10NF 18V 10% XTR 0402
£13,C19,C21-=C28
£20,C32-=C34
C36,C38,C40-=C48
C52-»C55,CE7-=CHD
CB1->CE2,C70,073
CT4,C7T8,C78,C80
C23,C88,003,004
C100
C8,C17.C31.C35] & 10V 10% SMD X7R Ceramic Capacitor 10uF |GEMERIC CCO805_10UF_10W_10%_X7R 0E05
fed:=le]
C©12,C28,C37.C38| 52 18 10% SMD X7R Ceramic Capacitor 100nF [GENERIC CCO402_100NF_18V_10% _XTR o402
C40-=C51,056,C080
CB8,CT5,CT7.079
CE21,C82,C84,085
C87,C102-=C135
ci4] 1 50V 5% SMD Ceramic Capacitor - Class1 NPOICOG 120pF [GENERIC CCO0402 120PF 50V 5% MNPO 0402
c15] 1 50V 0.25pF SMD Ceramic Capacitor - Class1 NPNCOG 8pF _|GENERIC CC0402 EPF 50V D.25PF NPO o402
ci16] 1 18V 10% SMD XTR Ceramic Capacitor 22nF |GEMERIC CCO0402 22NF 16V 10% XTR o402
C71,Cc72| 2 50Y 5% SMD Ceramic Capacitor - Class1 NPO/ICOG 56pF |GEMERIC CC0402 S6PF 50V 5% NPD 0402
CE28,C00,C01.C08| 6 10V 20% SMD ¥5R Ceramic Capacitor 47uF |GEMERIC CC1206_4TUF_10V_20% X5R 1208
C87,C08
C0Z,C05,C08,C101] 4 10V 10% SMD XTR Ceramic Capacitor 1uF_|GEMERIC CCO205_1UF_10V_10% _XTR DE05
D1 1 Small Signal Dicde FAIRCHILD SEMICONDUCTOR _ BAVED SOT23
Ic1.ce| 2z Ultratast SiGe Voltage Comparator AMALOG DEVICES ADCMPEEZBCPZ LFCSP18
ez 1 000 MHz Differential Amplifier TEXAS INSTRUMENTS LMHB5535D DFNE
cal 1 Gain 4 Stable, Wideband Voltage Limiting Amplifier TEXAS INSTRUMENTS OPABIOID SOICE
15| 1 Voltzge-Controlled Gain Amplifier TEXAS INSTRUMENTS WVCAZ24IDGST SOPS

c\ﬁw
v

0 &
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aty Reference
5 PT1-FT5

or
li

- 11617
- 2 IC7.Ic12
[

2 Ic1. o4

SMD Top

PN
3224J-1-501R

ADA4E32-2YCPZ
ADCMPSETBRPZ
ADCMP582BCPZ

VALUE
500

OUTLINE
32240

LFCSP-24
LFCSP32
QFNSOP200X300X100-17H-5145

Bl ks

fo B4 RIE

R

D)

7

TE/MPE/EM Design Office
OREAMIZATION SURDFEENNE FOUR:
LA RECHERCHE NUCLEARE
EUROPEAN CREANIZATION FOR

NEVE

Prenzred

EDA-@@R-\1-0 ToP

— PAGE

= 1

1

13
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Machine Files

 General advice:

ASCIlI CAD (export from Altium)
or OBD++ streamlines
programming

ALWAY S 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

21
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Goals

Approach

Accurate gquotation

Within specification

Acceptable quality
Minimum cost
Retain intellectual property

Human readable summary - Human readable
Easy to read and digest - Standard templates
Highlight key process-defining features

Referring to industrial standards

- Don’t over-specify
Proper tolerances

Quality controls and reports clearly defined
. : -> Contract basis
Easy, clear quoting reduces margin

Don’t allow changes which are not reflected in the design

- Changes not allowed unless clearly discussed

r ~— Controls
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D, g Mechatronics
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Three Layers

- EDA or design files

Design

generic for all designs

G ene rl C - Standard documents,
Specification

 |IPC-2221A
 |PC-6011, IPC-A-600
 |IPC-A-610, J-STD-001

etc
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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

©)

=

A PeterFrancisBell
& Log Out
ElectronicModules

TE-MPE-EM Home

Planning Office
Design Office
Workshop

CAD Libraries
Irradiated Electronics

Working with EM
New Job Checklist
FAQ
Presentations

EM Internal Pages
Section Meeting Minutes
2020 SharePoint

MPE safety Firstcr

Create New Topic
Index

Search

Changes
Notifications
Statistics
Preferences

~ 5 & B8 il @

TWiki = = ElectronicModules Web > FrequentlyAskedQuestions (2021-11-15, PeterFrancisBell)

Frequently Asked Questions

English

If you have a question that is not in this list, send us an email: service-electronics-planning@cern.ch

See also. WorkingVithEM

Please note that while we will do everything we can to help with the successiul realisation of your project, we cannot take resp
of many years of accumulated experience within our section but is by no means exhaustive. Every project is different and you mu
Francais

Si vous avez une question qui n'est pas dans cette liste, envoyez-nous un email - service-elecironics-planning@cerr.ch

Voir également : WorkingWithEM

Veuillez notez que méme si nous ferons tout notre possible pour les prévenir, nous ne sommes pas responsables d'eventue
cette FAQ est le résultat de nombreuses années d'expérience accumulée au sein de notre section mais n'est en aucun cas exhal

Electronics Design
+FAQ onics Design
+ h

+ Introduction

+ BE: internal design office

+ Electronics Design Archive (EDA-aaaaa-Vb-t)
+ Schematics
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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 /
UNRELIABILITY AT CERN

Practical case: poor outsourcing practices

ffffffff e Does this board | .

—

/ EDA-01068-V4| , BOTTOM J1

. look like rocket | m

science?
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Poor design practices: some examples

BGA design classics




