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. ,\tr}/. heavily depend on PCBs and
i

terature exist on reliability

ceptability of printed circuit
est method manual ) can

o ot solve the problems , IPC define levels in the
CIn

5 But even with the IPC guidelines an

should have a reasonable broad background
knowledge of PCB defects.
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IPC-A-600

Revision G

July 2004

Supersedes Revision F
November 1999

Acceptability

of
Printed
Boards

e
. ASSOCIATION CONNECTING
ELECTRONICS INOUSTRIES ®
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IPC-A- 600
tability of printed circuit
boards

isual inspection criterions
) parameters to check on a

of these tests are déstructive

locument 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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2.10 PATTERN DEFINITION - DIMENSIONAL

2.10.1.2 Conductor Spacing ]

sional requirements of the

Acceptable - Class 3

sdge roughness,

Acceptable - Class 1, 2

AL AR S ST
ke

A3p T R Y R R

MNonconforming - Class 1, 2,

* Defects either do not mest or

July 2004 IPC-A-600G
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IPC define the parameter
to check and define also
3 classes of quality

Classl: 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



2.9 SOLDER RESIST (Solder Mask)

[ 2.9.2 Registration to Holes (All Finishes) ]

Target Condition - Class 1, 2, 3

* No solder resist misregistration. The solder
resist is centered around the lands within the
nominal registration spacings.

Acceptable - Class 1, 2, 3

* Misregistration of the resist to the land patterns
but the resist does not violate minimum annular
rng requirements.

* No solder resist in plated-through holes, except
those not intended for soldering.

* Adjacent, electrically isolated lands or conduc-
tors are not exposed.

Nonconforming - Class 1, 2, 3

* Defects either do not meet or exceed above
criteria.
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2.10 PATTERN DEFINITION - DIMENSIONAL

0.3 External Annular Ring - Supported Holes

Target Condition - Class 1, 2, 3

-1 .
‘w‘: ¢ Holes are centered in the lands.
[ '
IPC-600g-2103a.608

Acceptable - Class 3

* Holes are not centered in the lands, but the annular ring
- _—— measures 0.050 mm [0.0020 in] or more,
o n} * The minimum external annular ring may have 20% reduction

l of the minimum annular ring at the measurement area due
| to defects such as pits, dents, nicks, pinholes, or splay.

0.050 mm
10.0020 in]

¥ l
0.050 mm
[0.0020 in}
IPC-600g:

-21030

Acceptable - Class 2

* 90° breakout or less. (A)

« If breakout occurs at the conductor to land junction area,
the conductor is not reduced by more than 20% of the
minimum conductor width specified on the engineering draw-
ing or the production master nominal, The conductor junc-
tion should never be less than 0.050 mm [0.0020 in] or the
minimum line width, whichever is smaller, (C)

* Minimum lateral spacing between conductars is maintained.

Acceptable - Class 1

0.050 mm * 180° breakout or less. (B)

[0.00201in] = |f breakout occurs at the conductor to land junction area,
the conductor is not reduced by more than 30% of the
minimum conductor width specified on the production mas-
ter nominal. (D)

90°Breakout A ® Form, fit and function are not affected.
Allowed =
. * Minimum lateral spacing between conductors is maintained.
é’

IPC-600g-210Gc

Nonconforming - Class 1, 2, 3

180° Breakout

Allowed * Defects either do not meet or exceed above criteria.

=
=%

>80% >70%
Trace Reduced Trace Reduced
Less than 30%

IPC-800g-2103d
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3.3 PLATED-THROUGH HOLES - GENERAL

Target Condition - Class 1, 2, 3
* No cracks in foll.

Acceptable - Class 2, 3
* No evidence of cracks in fil.

Acceptable - Class 1

e Allowed on one side of hale only and shall not extend
through foil thickness.

Nonconforming - Class 1, 2, 3

* Defects either do not meet or exceed above criteria.
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| iction of PCBs

tions are done during PCB

lmg (AQL “ acceptable uality level”
: D 10 and rarely (but it exist!) there is no
- or no adapted test for some parameters.

Why?
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Infos taken from

reason is the cost PO

/\ssessment of
Printed
Circuit _Boards

A Practical,
Comprehensive
Guide to the

Board Quality

' Preben Lund

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.

AMOUNT OF INSPECTION

Fig. 1.2. Costs as a function of amount of

inspection. .
A: Inspection costs. B: Production losses. In any case 100% yield for any

C: Total costs. application is not possible today!

26/05/2009 Rui de Oliveira 10



ly and thanks to modern equipments the
ests is reduced and they are now on a

obe testers)

1ck 'fern Automatic optical inspection machines)
inspection (AOI als
_re is still tests to be made by sampling for :
1 through holes quality

: ing quality (Ni/Au, tin lead etc...)

: Wethg

26/05/2009 Rui de Oliveira 11



O

26/05/2009

oW la&"’ dve a look to some
ERN b S problems in order

fh . WhICh Is the dominant
- cause of defects

Rui de Oliveira
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IST 0T some big problems met at

CERN (not exclusive)

CMS flex rigid for inner Micro via cracks After 3000 pieces Low yield in pcb
tracker assembled. production and
non explained bad
boards at test after

assembly
Telll/ LHC-B Hole cracks Breakdowns after A fraction of non
multilayer installation in the explained Bad boards
experiment . after assembly
Preshower/CMS flex Hole cracks During PCB production = Found before delivery
rigid : of PCB
LHC Hole cracks After installation A fraction of non
multilayer In experiment. 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 Hole cracks in blind During PCB Found before delivery
Flex rigid holes production. of PCB

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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Now let’s'look at the
metallographiccuts after
| expertise.

Rui de Oliveira
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in Switzerland

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!

15
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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!

16
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Amazing!

Rui de Oliveira
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Switzerland

\ Etchback too big :4.1.9 IPC

Some thin inner layers?

19
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-

| —
wr o1

Switzerland

Etchback too big :4.1.9 IPC

. Barrel Crack: 3.3.5 IPC

1 89

Rui de Oliveira

Bad stack!

20



Greece

Bad plating due to
non adapted desmearing

Chemical desmearing applied
to flex circuits?

26/05/2009 Rui de Oliveira 21
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S0 where is the problem?

Rui de Oliveira
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sdn we |

-
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sarn something from

s examples ?

y of PCB breakdown after delivery at CERN is the

H) failure.

Rui de Oliveira
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av of PCB breakdown after delivery at CERN is the

) failure.
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scdn welearn something from
hese examples ?

ay of PCB breakdown after delivery at CERN is the
I'H) failure.

2ems not to be totally effective

in production and grows after assembly
it at this stage (few % of defects).
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sdn welearn something from
these examples ?

ay of PCB breakdown after delivery at CERN is the
>’TH) failure.

eems not to be totally effective

in production and grows after assembly
it at this stage (few % of defects).

ard electrical test!
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san we'learn something from
these examples ?

G ay of PCB breakdown after delivery at CERN is the
°TH) failure.

eems not to be totally effective

in production and grows after assembly
it at this stage (few % of defects).

ard electrical test!

fe persons ArC
clearly detected by the sta
irrence is low : a few % of total productions, but it can affect up
ne batch.
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sdn we'learn something from
these examples ?

day of PCB breakdown after delivery at CERN is the
TH) failure.

eems not to be totally effective

thly in production and grows after assembly
it at this stage (few % of defects).

lard electrical test!

n app

ly a few persons care
t clearly detected by the s

urrence is low : a few % of total productions, but it can affect up
one batch.

oblem completely appears in the application after few months or
1 creates a disaster for 4 reasons:

_ ing 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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nve'learn something from
these examples ?

day of PCB breakdown after delivery at CERN is the
TH) failure.

eems not to be totally effective
"M appears
1ly a few persons care a

ot clearly detected by the

ccurrence is low : a few % of total productions, but it can affect up
f one batch.

hly in production and grows after assembly
it at this stage (few % of defects).

dard electrical test!

roblem completely appears in the application after few months or
d creates a disaster for 4 reasons:

ing 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)
26/05/2009 Rui de Oliveira 29



roblem: PIH 1tegrity

MeGraw-Hill HANDBOOKS

P~
~
- —

PCBs to
t frequent COOMBS’| i
A PRINTED
CIRCUITS
HANDBOOK

FIFTH EDITION

s

e

od PTH? 3

CLYDE F. COOMBS, JR.

0 CD-ROM INCLUDED
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What is a PTH?
look at some qualification
tests

Cu THERMAL EXPANSION
>

Even perfect PTH will break
‘ N one day

; X~Y THERMAL
EXPANSION
The main reason is CTE
INNER LAYER £~AXIS THERMAL mismatch between Epoxy,

EXPANSION
FOIL CRACKS «, { [\ Glass and copper

Here you can see all the
Ditferent failure modes

FRACTURE

PRODUCING

N A MOTION

CORNER CRACKS
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oolin
expansion ey g

% Strain in barrel
(referenced to 250°C)

0
25 50 100 Tg 150 200
Temperature (°C)

High TG materials and low Z axis CTE are preferred.

Rui de Oliveira
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Barrel cracks

— === Corner cracks

10°
l A good PTH can support
%, 10 oil dips
g 102 @ Calculated :
2 curves A bad PTH can die after
2 i 2 dips
é Test conditions: j1 N
z (D MIL-sTD-202 DM107C Assembly reflow cycles

~65°C/30 min == 125°C/30 min >~
(2) MIL-STD-202 DM107C
—~65°C/30 min <= 150°C/30 min

(3) oil dip

25°C/5s = 260°C/5 s

a=h
o

are close to Oil dip (3)

100 150 200
Temperature (°C) —»
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Barrel cracks CERN applications

10°
l A good PTH can support
§, 10 oil dips
E 102 :
2 A bad PTH can die after
o 2 dips
£
2

Assembly reflow cycles
are close to Oil dip (3)

o=k
o

600 8 = 260°CI5 s

150 200
Temperature (°C) —»
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b
o
w

—h
o
n

100

Barrel crack
——=——=— Corner crack

150 200
Temperature (°C)—

Rui de Oliveira

The reliability is also
related to copper thickness
in the PTH barrel
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“conclusion

f PTHs is usually above most of the
ions (no problem to fulfill CERN
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ossible PTH defects:

-Annular ring

-Lifted lands

-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.

Rui de Oliveira

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!

37
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o to describe how to make a good

Rui de Oliveira
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= Cross sections after plating
s ] cross section every hour in the best case

[m]

[m]

[m]

It mainly verifies the copper thickness

Thermal stress + cross section
8 Daisy chain deep in oil (250°) for 10 cycles
8 This test is done on test coupons .

s [t should be done by the company regularly.

a ] test per month usually .
s Not enough when you know that a problem
can appear in one day.

26/05/2009 Rui de Oliveira

e the standard tests for PTH in

It means 1 cross section for 10e5 or 10e6 holes produced
This cross section only detects failures that affect 100% of the PTHs

>

21 608-046 I
0000000000000000000000000 D=
[a—— Sc
©000000000000000000000000 _.
O=0 0= Q=0 OuD 0= OuD O=0 O=0 Om0 OmD OnO OO Cre—
D Gl OO e OO GO OO RO (D) Q) QRO OO SH
=

H

Fig. 29.2. Example of test coupon with extended
test pattern. The filmwork shows the front and
rear sides of the test coupon. Note that in one
of the sections the plated-through holes are not
interconnected on one side of the test coupon.




= Some customers need higher quality

m Cross sections:

u]

m Thermal stress +cross section

[m]

[m]

[m]

1 per panel (not one every hour)
» 1 PTH tested over 10e4

= Again this method can only check the copper

thickness ¥
3 Fig. 29.1. Measuring sequence correspondin
= But you are sure that copper thickness on every panel to 5 heating and cooling cycles. v
is OK R, = resistance at the start of the test.
R, = resistance at the end of the test.
AR = permanent change in resistance.

COSTsS

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

AMOUNT OF INSPECTION
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lution exist

1s always start to break during

/Au plating (thermal s ck)
*THSs exibit always a higher resistive value

hermal process will break again some PTHs
bly (2 or 3 reflow)

o Rea ife of the board

Rui de Oliveira
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ng:

ch board a daisy chain
1e board holes count (gives 99% chance to find a bad

e a resistor of a few ohms (easier for the test)
 the more critical PTHs (the smaller ones)
ayers.

n 100% during std production e-test
ut and resistive value consistent with all production : OK
cut or resistive value different from other batches/panels
s section on bad PTHs = stop the batch/panel
al stress—> cross section—> stop the batch/panel

1 more effective one thermal cycle can be added before e-
he production

s ] reflow cycle: 25° to 210° in 2 min

26/05/2009 Rui de Oliveira
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RESISTANCE OF HOLE. R, milliahms

5 30 35 40 45 50 60 T0 B0 90100 ym
3283 3 3335w

e —
THICKMESS OF COPPER PLATING,

Fig. 7.18. Diagram for determining copper plat-
ing thickness as a function of hole size and mea-
sured resistance. Curves are valid for a 0.062

in. (1.6 mm) board.

26/05,/2009

This hole will have a bigger
resistive value than a good one

Rui de Oliveira
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f this third method:
OK = no extra tests

atistically gives the maximum security
st is made during standard e-test

e e-test can not be avoided

be easely reported: list of resistive
measurements

26/05,/2009 Rui de Oliveira 44



. QA
‘Why and which

sessment):

, it should define exactly what
Bs should go through.

ink I've convince
:ith PCB manufactu
QA:

‘production needs QA , but the level of
ols should be tuned to the application.

\ that some rules should be

26/05/2009 Rui de Oliveira

45



fferent QAs?

g L

Some examples

pes made for functional test

e bc d during a few months and
n destroyed
y breakdown appears: no problem

1y a PCB you need:

B specifications only, you can trust the company for
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)

26/05/2009 Rui de Oliveira 46



Different QAs?
Some examples

ill be used all their life in « non critical »

asely in the application and the cost of the

ard and the exchang
% of defects are tolerate |
ther board of a computer (a ways a few % defects and
ody accept)
ould be set to define some rules:

1 for PTH should be implemented
= Batch identification
o FEtc...

26/05/2009 Rui de Oliveira
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Different QAs?
Some examples

ill be used all their life in «critical »

* Temperature control boards or detectors front-end
1ics
ould be set up to define the rules:

2 or 3 for PTH should be implemented
= Batch identification
o FEtc...

26/05/2009 Rui de Oliveira
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onclusion
line to buy a PCB

Rui de Oliveira

49



26/05/2009

Conclusion

1e to buy a PCB

our application

Rui de Oliveira
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Conclusion

1e to buy a PCB

our application

Rui de Oliveira
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onclusion
suide line to buy a PCB

its your application

ials (Case
S “ase 1,2,3) for 100% te:
JLs (define the sampling f)o
concerning bad PCBs (Case 3)
or PTHs (Case 2,3)
ability tests( Case 2,3)

26/05/2009 Rui de Oliveira
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onclusion
suide line to buy a PCB

its your application

ials (Case
s “ase 1,2,3) <
JLs (define the sampling f)o
concerning bad PCBs (Case 3)
or PTHs (Case 2,3)
ability tests( Case 2,3)
ction
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onclusion
suide line to buy a PCB

its your application

, N fiais (Case
 levels (Case 1,2,3)
~+ AQLs (define the sampling poli

icy concerning bad PCBs (Case 3)
for PTHs (Case 2,3)

rability tests( Case 2,3)

iction

as an “inspector” and randomly check some boards before delivery
C-A-600 criterions and sampling policy (case 2,3)

Rui de Oliveira
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onclusion
suide line to buy a PCB

its your application

, N fiais (Case
 levels (Case 1,2,3)
~+ AQLs (define the sampling poli

icy concerning bad PCBs (Case 3)
for PTHs (Case 2,3)

rability tests( Case 2,3)

iction

as an “inspector” and randomly check some boards before delivery
C-A-600 criterions and sampling policy (case 2,3)
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onclusion
suide line to buy a PCB

its your application

2

. erials (Case
0 vels (Case 1,2,3)
0 + AQLs (define the sampling policy

licy concerning bad PCBs (Case 3)
for PTHs (Case 2,3)

rability tests( Case 2,3)

tion

sits as an “inspector” and randomly check some boards before delivery
’C-A-600 criterions and sampling policy (case 2,3)

P

B 8 r anize the same for assembly
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Conclusion
guide line to buy a PCB

3
fits your application

5

n, materials (Case 1,2,3
)0 levels (Case 1,2,3)
0 + AQLs (define the sampling policy

olicy concerning bad PCBs (Case 3)
s for PTHs (Case 2,3)

erability tests( Case 2,3)

iction

isits as an “inspector” and randomly check some boards before delivery
PC-A-600 criterions and sampling policy (case 2,3)

oduct re

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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