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 Collection of the biggest PCB failures we’ve 
seen at CERN workshop since 10 years. 

 The PTH (plated through hole) is the main 
problem! 

 What is a good PTH 

 Is IPC-A-600 standard a good tool to find bad 
PTH ? 

 Quality control should fit the need 

 Conclusion 
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name problem Alert First signs 

CMS flex rigid for inner 
tracker 

Micro via cracks After a few thousand 
pieces assembled. 

 Bad boards after 
assembly (a few%) 

Tell1/ LHC-B 
multilayer 

Hole cracks Breakdowns after 
installation in the 
experiment . 

Bad boards after 
assembly (a few%) 

Preshower/CMS flex 
rigid 

Hole cracks During PCB production 
. 

Found before delivery 
of PCB 

LHC 
multilayer 

Hole cracks After installation 
In experiment. 

A fraction of non 
explain bad boards at 
electrical test after 
assembly 

CMS/ calorimeter flex Bad  hole plating After all the installation 
In experiment. 

A large fraction of 
boards repaired during 
assembly 

TRT Atlas 
Flex rigid 

Hole cracks in blind 
holes 

During  PCB 
production.  

Found before delivery 
of PCB 
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Total non quality cost for these 6 projects over than 10 MCHF (my estimation) 
Taking in account the cost of : PCB, assembly, components, installation, 
meetings, travels, expertise, dismounting, new installation + delays  
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All the cross section you are going to see come from: 
 - Good boards 100% electrically tested  
 - IPC-600 Class 3 control level requested 
 - ISO 9001 certified companies 
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Defects: 
 
Barrel Crack :3.3.5 IPC 
 
Thickness too low :3.3.8 IPC 
 
Etch-back  too big :4.1.9 IPC 
 
 
Reasons 
 
Wrong stack!  
 
Wrong de-smearing! 
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Defects: 
 
Barrel Crack :3.3.5 IPC 
 
Thickness too low :3.3.8 IPC 
 
Some wiking: 3.3.12 IPC 
 
 
Reason: 
 
Copper ductility! 
 
Z axis CTE of base material! 
 
Copper plating time! 
 
Drilling quality! 
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Defects: 
 
Thickness too low : 3.3.8 IPC 
 
Corner Crack: 3.3.6 IPC 
 
Lifted lands : 3.3.2 IPC 
 
Inner layer separation 3.3.13 IPC 
 
 
Reasons: 
 
Bad de-smearing 
 
Bad Thermal cycles 
 
Bad drilling 



4/11/2011 Rui de Oliveira 8 



4/11/2011 Rui de Oliveira 9 

 
 
Etch-back  too big :4.1.9 IPC 
 
Some thin inner layers? 
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Etch-back  too big :4.1.9 IPC 
 
Barrel Crack: 3.3.5 IPC 
 
Bad stack! 
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Bad plating due to  
non adapted de-smearing 
 
Chemical de-smearing applied 
to  flex circuits? 
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“ PTHs are the most vulnerable features on PCBs to 
damage from thermal cycling and the most frequent 
Cause of printed circuit board failures in service” 
 
Chapter: 53.2.1.1 



 This problem is not a fatality! 

 

 

 The manufacturer is not 100% faulty! 
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Any PTH can be broken 
 
The main reason is CTE 
 mismatch between Epoxy,  
Glass and copper 
 
Here you can see  the  
Different  failure modes  
of a good PTH 
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High TG composite materials   
Low Z axis CTE composite materials  (Cu=17ppm FR4= 40 to 60ppm) 
Thin substrate 
Low temperature variation 
Thick copper 
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A good PTH can support 
10 reflow cycles at 230 deg 
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CERN applications: 
If the PTH survive to 10 
reflow cycles  
It can survive to more than  
10E04 cycles of 70 deg 
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The reliability is also 
related to copper thickness 
in the PTH barrel 



 The reliability of PTHs is usually above most of the 
industrial applications (no problem to fulfill CERN 
needs). 

 This statement is valid for all PTHs correctly produced.  

 The problem is PTHs which are not properly made 
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BAD GOOD 



 1/Cross section on all of them? 

 2/Cross section on one? 

 3/Rely on the electrical test? 

 4/Trust the supplier? 

 

 

 In most of the production customers (you) are 
using option 4 
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What is IPC-A-600? 
 
Standard made in 
association between 
producers and users. 
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 It defines visual inspection criterions (110) 

 

 Some of these inspections need the destruction 
of the boards 

 

 This document gives to the producer and the 
customer the same reference 
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On these 3 examples the test is quite simple: 
 
And the equipment needed also 
 
100 % check is possible 
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On this example the test is complex: 
 
And the test is destructive 
 
No check is possible on the boards 



 The only way to have a clear view of the PTH quality is to apply 
IPC-A- 600 criterions to a great fraction of cross sections of PTH 
selected by sampling (AQL “acceptable quality level“ MIL-STD-
105) 

 
 Checking 1 hole every 10 000 make no sense 

 
 Checking 1000 holes every 10 000 make sense 

 
 Creating 1000 cross section per board make no sense 

 
 Before giving you the optimal way to find bad PTHs let me 

introduce  first the concept of “Quality control should fit the need” 
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 Family 1 :Low quality (low cost) 
 The cost of the board and components is low 
 The exchange is possible rapidly 
 Low visibility in case of failure (technician level) 

 Family 2 :Medium quality   (added costs a few%) 
 The cost of the board is high 
 The exchange is possible rapidly 
 Medium visibility in case of failure  (ex: group level) 

 Family 3 :High quality (up to 20% increase in cost) 
 The board failure can trigger big expenses. 
 The expected life time is long 
 The exchange is impossible  
  Big visibility (ex: stopping the LHC , an experiment or part of 

it) 
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 1 cross section every hour in the production line  

 

 It means 1 cross section for 10e5 or 10e6 holes produced 

 

 This  sampling is efficient to  detects failures that affect  a 
large portion of the PTHs 

 

 It ‘s a more a production parameter than a guaranty for 
individual boards 

 

 The supplier usually keep the pictures of the cross sections 

 

 

 

 

 

 

 

 

 

 

 

4/11/2011 Rui de Oliveira 27 



 1 cross section per panel  

 

 1 PTH tested over 10e4  

 

 You start to create a kind of individual test  

 

 Usually this cross section is firstly preformed to check the 
PCB stack 

 

 The supplier should send the pictures of the cross section 
with the boards 
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 1 daisy chain per board  
 Should contain 10 to 20% of the total panel hole count 
 Hole structure similar to the PCB 

 

 Daisy chain  reflow 10 cycles 
 

 Daisy chain Electrical  test/resistive measurement 
 

 Cross section on broken PTHs or resistive PTHs 
 

 Discard  production /accept/more tests 
 

 The supplier send a report  on the daisy chain 
measurements and cross sections. 
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 Lot’s of PCB failures mode are existing 

 The most critical one during PCB service is 
PTH break. 

 Good PTH life time is good enough for most of 
the CERN applications 

 Find bad PTH is easy, but needs to follow in 
details some QA rules. 
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