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Electronic industry heavily depend on PCBs and 
surprisingly little literature exist on reliability 
assessments.

Most of PCB books address production techniques and 
not the problems.

However IPC-A-600 (acceptability of printed circuit 
boards) and IPC-TM-650 (test method manual ) can 
help a lot.

IPC do not solve the problems , IPC define levels in the 
problem

But even with the IPC guidelines an inspector  or buyer 
should have a reasonable broad background 
knowledge of PCB defects.
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What is IPC-A-600?

Standard made in 
association between 
producers and users.
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Mainly it defines visual inspection criterions
It defines around 110 parameters to check on a 
bare PCB 
Some of these tests are destructive 
This document gives to the producer and the 
customer the same reference
Let’s look at a few examples from the IPC-A-
600
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IPC define the parameter
to check and define also
3 classes of quality

Class1: The worse but the PCB
still work, general electronic 
products

Class2: Industrial products for 
which uninterrupted service 
is desired but not critical

Class3: High reliability 
electronics products
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A lot of inspections are done during PCB 
production 

Visual inspection
Electrical inspection 
Process parameters

Bath controls
Ovens 
Processing times etc…

Some of them are on a 100% basis and other ones 
done by sampling (AQL “acceptable quality level“ 
MIL-STD-105) and rarely (but it exist!) there is no 
or no adapted test for some parameters.

Why?
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Infos taken from

Companies usually adapt their inspection
methods to reach at least 95% good pieces,
They also adapt their methods to the targeted
Market (consumer, aeronautic, military)

Some companies skip completely  or simplify 
a lot some tests because it will affect only a 
few % of their productions.

In any case 100% yield for any
application is not possible today!



Fortunately and thanks to modern equipments the 
cost of some tests is reduced and they are now on a 
100% basis ex:

Electrical  (Flying probe testers)
Track pattern (Automatic optical inspection machines)
Mask inspection (AOI also)

But there is still tests to be made by sampling for :
Plated through holes quality
Finishing quality (Ni/Au, tin lead etc…)

Thicknesses 
Wetting 
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name problem Alert First signs
CMS flex rigid for inner 
tracker

Micro via cracks After 3000 pieces
assembled.

Low yield in pcb
production and
non explained bad 
boards at test after 
assembly

Tell1/ LHC-B
multilayer

Hole cracks Breakdowns after 
installation in the 
experiment .

A fraction of non 
explained Bad boards 
after assembly

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 intallation. A large fraction of 
boards repared 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 and stress
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Defects:

Barrel Crack :3.3.5 IPC

Thickness too low :3.3.8 IPC

Etchback too big :4.1.9 IPC

Reasons

Wrong stack! 

Wrong desmearing!
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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 desmearing

Bad Thermal cycles

Bad drilling
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Amazing!
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Etchback too big :4.1.9 IPC

Some thin inner layers?
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Etchback too big :4.1.9 IPC

Barrel Crack: 3.3.5 IPC

Bad stack!
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Bad plating due to 
non adapted desmearing

Chemical desmearing applied
to  flex circuits?



These cuts comes from “good pieces, 
electrically tested” 
All companies are following the acceptance test 
from IPC-A-600 . 
They are certified ISO 9000

So where is the problem?
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1: The main cause today of  PCB breakdown after delivery at CERN is the 
Plated through Holes (PTH) failure.
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1: The main cause today of  PCB breakdown after delivery at CERN is the 
Plated through Holes (PTH) failure.
2: The tests in production seems not to be totally effective
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1: The main cause today of  PCB breakdown after delivery at CERN is the 
Plated through Holes (PTH) failure.
2: The tests in production seems not to be totally effective
3: The problem appears smoothly in production and grows after assembly 
but only a few persons care about it at this stage (few % of defects).
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3: The problem appears smoothly in production and grows after assembly 
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to 50% of one batch.
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1: The main cause today of  PCB breakdown after delivery at CERN is the 
Plated through Holes (PTH) failure.
2: The tests in production seems not to be totally effective
3: The problem appears smoothly in production and grows after assembly 
but only a few persons care about it at this stage (few % of defects).
4: It’s not clearly detected by the standard electrical test!
5: The occurrence is low : a few % of total productions, but it can affect up 
to 50% of one batch.
6: The problem completely appears in the application after few months or 
years and creates a disaster for 4 reasons:

Everything is installed
No more budgets, no time
Part of your experiment or machine is not working
And all the productions becomes suspect . When will they die?
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1: The main cause today of  PCB breakdown after delivery at CERN is the 
Plated through Holes (PTH) failure.
2: The tests in production seems not to be totally effective
3: The problem appears smoothly in production and grows after assembly 
but only a few persons care about it at this stage (few % of defects).
4: It’s not clearly detected by the standard electrical test!
5: The occurrence is low : a few % of total productions, but it can affect up 
to 50% of one batch.
6: The problem completely appears in the application after few months or 
years and creates a disaster for 4 reasons:

Everything is installed
No more budgets, no time
Part of your experiment or machine is not working
And all the productions becomes suspect . When will they die?

When will I die? (project manager)
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What is a good PTH?
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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
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Even perfect PTH will break 
one day

The main reason is CTE
mismatch between Epoxy, 
Glass and copper

Here you can see all the 
Different  failure modes
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High TG materials  and low Z axis CTE are preferred.



26/05/2009 Rui de Oliveira 33

A good PTH can support
10 oil dips 

A bad PTH can die after
2 dips

Assembly reflow cycles 
are close to Oil dip (3)
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A good PTH can support
10 oil dips 

A bad PTH can die after
2 dips

Assembly reflow cycles 
are close to Oil dip (3)

CERN applications
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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).
These information are valid for all PTHs correctly 
produced. 
The problem is PTHs which are not properly made
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Possible PTH defects:

-Annular ring
-Lifted lands
-Foil crack
-Barrel crack
-Corner crack
-Plating nodules
-Copper thickness
-Plating voids
-Wicking
-Wicking clearance
-Innerlayer separation
-Etch back

-All these defects are 
fully addressed in IPC-
A-600 but they all need
cross sections to be
found.
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Possible causes

-Bad desmear
-Copper adhesion/heat
-Heat
-Cu thickness/drill/heat
-Copper polishing/heat
-Residues in hole
-Baths not tuned
-Bad desmear
-Bad material/ drilling
-Bad material
-Bad desmear
-Bad desmear

-Most of them are not 
related to thermal cycles!

-Bad desmear is one of the 
major causes!



I’m not going to describe how to make a good 
PTH, it will take too long and it’s useless 
because none of you will try to train a 
company.
But I’m going to describe how to find a non 
reliable batch from a production with simple 
actions.
But unfortunately it needs “actions”
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What are the standard tests for PTH in 
industry? (Method 1)

Cross sections after plating
1 cross section every hour in the best case
It means 1 cross section for 10e5 or 10e6 holes produced
This cross section only detects failures that affect 100% of the PTHs
It  mainly  verifies  the copper thickness

Thermal stress + cross section
Daisy chain deep in oil (250°) for 10 cycles
This test is done on test coupons .
It should be done by the company regularly.
1 test per month usually .
Not enough when you know that a problem 
can appear in one day.
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Some customers need higher quality 
(Method 2)

Cross sections:
1 per panel (not one every hour)

1 PTH tested over 10e4 
Again this method can only check the copper 
thickness
But you are sure that copper thickness on every panel 
is OK

Thermal stress +cross section
1 daisy chain per panel (not every month)
Daisy chain deep in oil (250°) 10 cycles
Electrical  test, resistive measurement
Cross section of broken PTHs
Heavy and costly method
Depends a lot on the daisy chain design
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A third solution exist (Method 3)

Small reminder
A few % of bad PTHs always start to break during
production due to:

Curing steps (solder mask cure)
NI/Au plating (thermal shock)

Bad PTHs exibit always a higher resistive value
Each thermal process will break again some PTHs

Assembly (2 or 3 reflow)
Real life of the board
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The idea is the following:

Intoduce in each board a daisy chain
At least 10% of the board holes count (gives 99% chance to find a bad
hole)
Enough holes to create a resistor of a few ohms (easier for the test)
Layout should integrate the more critical PTHs (the smaller ones)
It should also use the inner layers.

Test them 100% during std production e-test 
If no cut and resistive value consistent with all production : OK
If one cut or resistive value different from other batches/panels

cross section on bad PTHs stop the batch/panel
Thermal stress cross section stop the batch/panel

To be even more effective one thermal cycle can be added before e-
test to all the production

1 reflow cycle: 25° to 210° in 2 min
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The resistive value of a daisy chain can be
calculated for the first panels.
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This hole will have a bigger
resistive value than a good one



Advantages of this third method:
If production is OK no extra tests
Low cost
Statistically gives the maximum security
Test is made during standard e-test 
The e-test can not be avoided
Can be easely reported: list of resistive
measurements
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QA (quality assessment):
It avoids problems, it should define exactly what 
kind of tests the PCBs should go through.
I think I’ve convinced you that some rules should be 
set with PCB manufacturers

Which QA:
Every production needs QA , but the level of 
controls should be tuned to the application.
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Case 1: prototypes made for functional test

The boards will be used during a few months and 
then destroyed
If any breakdown appears: no problem
To buy a PCB you need:

PCB specifications only, you can trust the company for 
the QA (ISO 9000 can be an indicator)

Exception to the rule : the cost of one board and 
components become not negligible (a limit value 
should be define)
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Case 2: Circuits will be used all their life in « non critical » 
applications

What means not critical?
The board can be exchange easely in the application and the cost of the 
board and the exchange is low

A few % of defects are tolerated
Ex: Mother board of a computer (always a few %  defects and 
everybody accept)
A QA should be set to define some rules:

Compagny audit
PCB Specification
Specify IPC levels
Method 1 for PTH should be implemented
Batch identification
Etc…
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Case 3: Circuits will be used all their life in «critical » 
application

What means critical?
the board can not be exchanged easely and the cost of the board and the 
exchange is high.

One defect can stop the machine or a great part
Ex: LHC Temperature control boards or detectors front-end 
electronics
A QA should be set up to define the rules:

Company audit
PCB Specification
Specify IPC levels
Method 2 or 3 for PTH should be implemented
Batch identification
Etc…

26/05/2009 Rui de Oliveira 48



1: Are you in QA case1, 2 or 3

26/05/2009 Rui de Oliveira 49



1: Are you in QA case1, 2 or 3
2: Choose the technology that fits your application

Ask for qualification tests (Case 2,3)
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1: Are you in QA case1, 2 or 3
2: Choose the technology that fits your application

Ask for qualification tests (Case 2,3)
3: Audit the company (Case 2,3)
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1: Are you in QA case1, 2 or 3
2: Choose the technology that fits your application

Ask for qualification tests (Case 2,3)
3: Audit the company (Case 2,3)
4: Ask for an offer with:

Specification, materials (Case 1,2,3)
IPC-A-600 levels (Case 1,2,3) for 100% tests
IPC-A-600  + AQLs (define the sampling policy) (Case 2,3)
Define a policy concerning bad PCBs (Case 3)
Special tests for PTHs (Case 2,3)
Special solderability tests( Case 2,3)
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5: Ask for production
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1: Are you in QA case1, 2 or 3
2: Choose the technology that fits your application

Ask for qualification tests (Case 2,3)
3: Audit the company (Case 2,3)
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Define a policy concerning bad PCBs (Case 3)
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Special solderability tests( Case 2,3)

5: Ask for production
6: Organize visits as an “inspector” and randomly check some boards before delivery

Following IPC-A-600 criterions and sampling policy (case 2,3)
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1: Are you in QA case1, 2 or 3
2: Choose the technology that fits your application

Ask for qualification tests (Case 2,3)
3: Audit the company (Case 2,3)
4: Ask for an offer with:

Specification, materials (Case 1,2,3)
IPC-A-600 levels (Case 1,2,3)
IPC-A-600  + AQLs (define the sampling policy) (Case 2,3)
Define a policy concerning bad PCBs (Case 3)
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5: Ask for production
6: Organize visits as an “inspector” and randomly check some boards before delivery

Following IPC-A-600 criterions and sampling policy (case 2,3)
7: Product ready
8: Organize the same for assembly
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1: Are you in QA case1, 2 or 3
2: Choose the technology that fits your application

Ask for qualification tests (Case 2,3)
3: Audit the company (Case 2,3)
4: Ask for an offer with:

Specification, materials (Case 1,2,3)
IPC-A-600 levels (Case 1,2,3)
IPC-A-600  + AQLs (define the sampling policy) (Case 2,3)
Define a policy concerning bad PCBs (Case 3)
Special tests for PTHs (Case 2,3)
Special solderability tests( Case 2,3)

5: Ask for production
6: Organize visits as an “inspector” and randomly check some boards before delivery

Following IPC-A-600 criterions and sampling policy (case 2,3)
7: Product ready
8: Organize the same for assembly
9: Always expertise bad boards after assembly, all the problems can be found at this level.
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