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Return of Investment:

AOIl vs No-AOIl

Inspection and test equipment is
expensive, produces nothing and
does not contribute to the com-
pany’s bottom line! Such may be
the thinking of many. But as
today’s electronic assemblies use
more and ever smaller compo-
nents that are impossible to in-
spect manually, and components
that are impossible to test electri-
cally, the main question is “What
costs are manufacturers absorbing
because they do not have an Auto-
mated Optical Inspection system?”

It is in regions with high labour
costs that the value of reduced
Manual Visual Inspection (MVI) is
probably most easily understood
and measurable by manufacturers
of electronic assemblies.

As the use of AOI systems becomes
more common in the industry,
questions regarding the return on
investment (ROI) associated with
their implementation are also
raised more frequently. Some of
the major aspects related to the re-
turn on investment of AOI are the
reduction of manual visual in-
spection, the cost of rework and
retesting, and the cost of In-Cir-
cuit Testing (ICT).

A Practical Case Study

Considering a practical case of a
UK company that has imple-
mented AOI in post-reflow, a 3 shift
operation with 5 inspectors/shift
(total of 15 inspectors) dedicated
to MVI has now safely been reduced
to 3 inspectors/shift (total of 9 in-
spectors), resulting in a reduction
of headcount by 6. The reduction
would come essentially from the
elimination of manual top and bot-
tom side inspection.
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Effective Headcount Reduction:
6 people

Annual Wage Cost (incl. benefits):
25,084 Euro/person

Savings: 150,504 Euro

The numbers used in this case are
based on a UK example; one can
imagine higher savings in envi-
ronments with higher social costs
and wages. Furthermore, head-
count reductions should be un-
derstood as an opportunity to re-
deploy resources towards other,
possibly more value-adding tasks
which would in turn need to be cal-
culated as part of the ROI on AOI.

Further Cost Savings

Further savings derived from the
implementation of AOI could be
obtained by moving from HASS
(Highly Accelerated Stress Screen-
ing — 100% testing) to HASA
(Highly Accelerated Stress Audit
— sample testing). The savings
would come both from head count
reduction and reduced consump-
tion of nitrogen:

Reduced nitrogen consumption
savings: 11,200 Euro

by Titus T. Suck,
Orbotech

Headcount reduction 3 shifts to 1:
2 people

Headcount reduction Savings:
50,168 Euro

Finally, for this specific case, it was
estimated by the manufacturer
that there would be a labour cost
saving based on improved yields in
the vicinity of 22,000 Euro.

If all of those savings are added up,
we obtain a total projected saving
of 233,872 Euro over a period of
one year.

Based on the scenario above, the
pay back time for a mid-range to
high end AOI at today’s prices
comes to less than twelve months.
If a full solution concept with off-
line

programming station, in-line re-
pair station, process control,
process capability and yield man-
agement software is used, pay back
will ultimately be even increased.

With the implementation of such
tools, customers can identify spe-
cific problem areas and work on
them to reduce the DPMO (defects
per million opportunities) rate.
The graph of Figure 1 illustrates
this for a seven month product run

Figure 1- DPMO Rate for a Seven Month Production Run
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Table 1 - Costs of Rework and Re-Test (all figures in Euro)

where a total of 1.29 million boards
were inspected; in July 2001, the
manufacturer had 4690 real de-
fects but had seen a reduction to
2999 defects by January 2002 (de-
crease of real defects of 36%),
which translates into a drop of the
DPMO rate by more than 120
points total.

The point is that the so-called ‘pe-
ripherals’ deserve more attention
by customers. The actual way in
which AOI is implemented and
supported through ‘peripherals’ is
key to a fast pay-back. The addi-
tional outlay is quickly justified
when manufacturers realise that
a strategy that aims at improving
the manufacturing process pays
‘for itself’.

However, the scenario as it has
been sketched out above is in-
complete, as it does not explicitly
account for:

- The cost of escapes at MVI (defect
coverage really is somewhere
around 60-70% at best);

- The cost of defects created
through manual handling of the
boards at MVI;

- The cost of unnecessary re-test at
ICT and FT caused by misclassifi-

cation at MVI (false calls).

The latter is difficult to assess, but
it is possible to define the total cost
of re-test as the cost factors related
to the diagnosis, rework and sub-
sequent re-test of an assembly.

The cost of rework and re-test

It makes sense to use a cost exam-
ple which is spread over several dif-
ferent builds to account for the dif-
ferences in complexity, density,
process yield etc.

Case:

9 different builds

280,000 assemblies

Min # components/assembly: 33
Max # components/assembly: 804
Avg. vield: 83.3%

Table 1 reflects the cost for rework
and re-test if errors on the topside
alone of 9 SMD assemblies are al-
lowed to flow through unhindered

to ATE testing. The cost of diag-
nosis, rework and re-test for a

Table 2 - Reduction in diagnostic time (minutes)

Avg. tima of FT Dlagnostics
Avyg. time of AOI Diagnostics
Total board assemblleshrear

[fully burdened rate]

Reduced Diagnostic Time Saving

Avg. Yield across all assemblles
Labor Rate/Repair Technician

3 min
0.3 min
ZE0000
0,833 %
Li]1]

nostic Time Saved by AOGI

126252 min

Cost of Time Saved:

126.252

failed PCBA can obviously be dras-
tically reduced through the use of
an AOI system in the production
line. Typically, downstream yields
raise significantly once AOI has
been implemented, i.e. anywhere
into the range from 95% to 99+%.

It is somewhat difficult to say ex-
actly how much of the unnecessary
re-test can be avoided, how much
the cost of false classification by
MVI might be, and how much the
use of electrical testing could ac-
tually be reduced. However, it is
possible to use the reduction in di-
agnostic time at functional test
brought about by the use of AOI
as an indicator for the savings one
can hope to achieve at a very min-
imum (Table 2).

AOI vs No-AOI

Based on this specific case, the
payback time of an investment in
a fully production-line capable,
high-end AOI system would also be
in the vicinity of twelve months —
once we have figured in the savings
from reducing personnel used in
MVI.

Furthermore, one must consider
the not easily quantifiable cost of
unnecessary retest, the cost of de-
fects, which have been added to the
PCBA in the course of the handling
process after defective PCBA's have
been taken off the line and sent to
diagnosis and electrical test. Typi-
cal problems found in repair are:

¢ Faulty repair;
¢ Bad soldering;
o THT not soldered;
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Figure 2 - Automated Optical Inspection Effectiveness

e Components broken off;
¢ False classification at repair.

One of the true black spots is the
lack of control over the actual re-
soldering process in repair. Ac-
cording to an NPL study in the
UK, about 2/3 of all operations do
not control the temperatures of
the tip of soldering irons or the
number of permissible touch-ups.

This is only seemingly unrelated
to the issue of return on invest-
ment of AOI. After all, the per-
centage of defects which are
caused by false classification and
manually handling boards in MVI
and at test are an add-on to the
actual production defects — and
hence an additional, and com-
pletely unnecessary cost.

It seems obvious that the reduced
reliance on ATE will also min-
imise the related costs in this
area. AOI clearly is a means to re-
duce the burden placed on rework
and retest, hence a way
to use that resource

tion and the cost of rework and
re-test. Again, this is only a part
of the picture. There are addi-
tional considerations:

® What is the cost of the typical
ICT fixture?

e How much could be saved if AOI
and ICT were used as comple-
mentary tools, allowing a simpli-
fication of the ICT fixture?

e To what extent and for what
products would it be possible to
eliminate ICT altogether?

e Would the investment in AOI
allow reductions in the capital
equipment budget for electrical
testing?

Additional questions may need to
be raised as to the value of feed-
back on defects from AOI for im-
mediate process improvements.
Typically, contemporary quality
monitoring software such as Or-
botech’s QPC tracks key parame-
ters of production in real-time
and provides valuable output for

Table 3 - Summary of cost saving

such analyses in the form of con-
trol charts, defect concentration
diagrams and Pareto charts. What
would the ability to provide
process quality and capability
data to a customer do for the abil-
ity of the company to attract more
and more lucrative business, let
alone new business from new
sources?

Another Practical Case

The questions need to be an-
swered in the context of a given
manufacturer and are beyond the
scope of this brief study. As for the
cost of the typical bed-of-nails fix-
tures, one may want to revisit the
case of a continental manufac-
turer (located in France) that pro-
duces auto radios and car navi-
gation systems. At 50ppm or 1
reject per 20,000 products, the
quality requirements are strin-
gent, and a 100% test is per-
formed at the end of a line. Typi-

more effectively as
such. 1. Elmination of Manual Inspection 108,000.00
. . 2. Reduced Diagnostics Time £3 328,00
Completing the picture 3. Elimination Of In Gircuit Test 0.00
4, Simplification of In Circuil Test 0.00
At this point, we have 5, Relurmns from Customer 75.000.00
looked at the cost of re- [Total Annual Savings EURD 208,328.00 |

ducing manual inspec-
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cally, this manufacturer has 50
fixtures built per year. Every fix-
ture costs about 12,200 Euro. At
this run rate, the manufacturer
spends 610,000 Euro per year on
ATE testing on a consumable
item! Somehow it is very difficult
to believe that a careful exami-
nation of the test requirements,
of the actual defects and their dis-
tribution across specific assem-
blies would not lead to ways that
would allow one to permanently
reduce the cost of test, re-test and
rework through the implementa-
tion of an AOI system.

The point should not be lost: ATE
does not provide a permanent re-
duction in cost to the manufac-
turer nor does it provide a per-
manent increase in yields and
quality. Only AOI as part of the
production line and with the ca-
pability to monitor production as
it happens can deliver that value.
Operations that use AOI mainly
as another gatekeeper actually fail
to unlock the potential inherent
in an intelligent implementation
of AOI.

AOL: Only For High Labour Cost
Areas?

Creating redundancies at ICT by
means of implementing AOI is no
chimera — even in low labour cost
areas such as Eastern Europe. Re-
cent tests showed that the process
yield after post-solder AOI for a
consumer product with some 450
components reaches a process
yield of 98% - 99% within two
weeks of implementation.

False alarm levels in ppm have
been very low: 27 ppm based on
the number of components, 13
ppm based on the number of po-
sitions (all IC pins are counted
separately). With such results, it
becomes clear that the manufac-
turer can plan on using one AOI
in the line with one ICT — instead
of two ICT testers, thus realising
significant cost savings. The re-
duction in manual inspection and
rework places would become an

OnBoard Technology June 2002

additional saving.

The cases, which have been out-
lined previously, have not focused
at all on the reduction in field re-
turns — which obviously depends
on the value of the product man-
ufactured. A calculation from a
Nordic manufacturer bearing on
the elimination of manual visual
inspection and a reduction of field
returns of 50% summarises the
expected savings from imple-
menting AOI in the Table 3.

Saving Coming From Field Returns

As one can see, in this case it has
already been assumed that ICT
may either become redundant or
at least simplified, but the re-
sulting savings have not been es-
timated. As seen earlier, the main
savings come from the headcount
reduction in MVI over a year with
48 workweeks, 3 shifts per day, 6
days per week, and a labour rate
of 15 Euro per head.

The second main saving comes
from field returns on a complex
and high value product. The
model then accounts only for sav-
ings that result from the reduced
diagnostics time, i.e. the reduced
actual time spent by a highly paid
technician in FT on diagnosing
problems when compared to AOI.
The cost of re-testing and rework
is not even considered here yet.

Pay Back Time Of AOI

While all situations are different
and while one should not expect
to find a formula that somehow
fits all circumstance, it would ap-
pear reasonable to say that the
pay back time for a high-end post-
reflow solution today is between
twelve to eighteen months — de-
pending on the manufacturer, his
environment and specific situa-
tion.

Given the permanent changes in
the inspection and test strategy,
it is also clear that AOI delivers

obvious and permanent cost re-
ductions by way of reducing per-
sonnel overhead, of reallocating
personnel and engineering time
to other issues, of reducing the
costs of diagnosis, electrical test,
rework and re-test, and of the po-
tential of freeing capital for uses
other than test as ATE is used
more efficiently due to the im-
proved yield downstream.

The Right Test And Inspection
Strategy

Finally, as we have indicated ear-
lier, a forward looking test and in-
spection strategy needs to get
away from an approach which
uses product specifications as the
basis for setting inspection tol-
erances rather than process-
based inspection limits. If the
right analyses are performed with
the appropriate SPC tools, then
processes can be monitored con-
tinuously, and optimal inspection
limits can be statistically calcu-
lated. In practice, this means that
the inspection and repair process
become more effective and cost-
efficient since both false alarms
as well as escape rates are min-
imised when inspection parame-
ters are process-based.

Conclusion

Moreover, if close attention is
paid to operating a process which
uses machine and process capa-
bility assessment and monitoring
tools (such as Orbotech’s PC°M),
then the cost-effectiveness of the
SMT manufacturing process is
significantly improved. Insofar as
AOI performance is ultimately a
function of the SMT process, the
return on the investment in AOI
is again affected positively.

In short, pay-back of less than one
year is entirely feasible if the AOI
strategy is thorough. Inspection
pays if it ceases to be mere defect
screening —and an EMS will ben-
efit from the higher quality of its
boards.
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The following agents are available to provide assistance
in acquiring our products throughout Europe

ELAS Kit.

H-1144 Budapest

Gvadanyi u. 67.

Hungary

Contact: Istvan Harmonik

Tel: + 36 1 220 9401

Fax: + 36 1 222 6439

e-mail: istvan.harmonik@elas.hu

EO Tech Limited
Paradisstrasse 10
CH-9402 Mérschwil
Switzerland

Contact: Ruedi H. Egger
Managing Director

Tel: +41 71 868 7025

Fax: +41 71 786 8028
e-mail: rhegger@eotech.ch

Lein Electronica

Poligono Industrial,

no. 3 - Co. al Mar, 20

Apartado de Correos 38

46120 Alboraya (Valencia) Spain
Contact: Jaime Soler d'Hiver
Managing Director

Tel: + 39 961 856867

Fax: + 39 961 856872

e-mail: lein@iglobal.es

Quiptech International Limited
Riverside Commercial Estate
Galway, Ireland

Contact: Pat Gayer

Tel: + 353 91 757800

Fax: + 353 91 751299

e-mail: pgayer@quiptech.ie

Sincotron Sverige AB Sweden.
Stomrbyvagan 2-4

163 29 Spénga

Sweden

Contact: Lars Pettersson
Product Manager

Tel: (46) 8 795 24 03

Fax : (46) 8 795 24 10

e-mail: lars.pettersson@sincotron.se

Sincotron Finland Oy

Lommilantie 1

02130 Espoo

Finland

Contact: Pehr Nordman

Managing director

Tel: + 358-9-8870 6150

Fax: + 358-9-8870 6133

e-mail: pehr.nordman@sincotron.fi

Prodelec

Via Bellerio 30

20161 Milano, Iltaly
Contact: Roberto Gatti
Sales & Marketing Manager
Tel: (39) 02 66 21 651

Fax: (39) 02 66 21 65 80
e-mail: rgatti@prodelec.it

Bienert

Auf dem Blick 11

44289 Dotmund

Contact: Peter Bienert

Tel: (02304) 943340

Fax: (02304) 40752

e-mail: p-bienert@t-online.de

AMTECH spol. sr.o
Banskobystricka 141
62100 BRNO

Czech Republic

Contact: Dr. Lukek Vostal
Tel : +420 5 41 22 5215
Fax : +420 5 41 22 5292
e-mail: amtech@sky.cz

OSTEC entreprice Ltd

4, lvan Franco Street, Moscow
121351 Russian Federation
Tel: (095) 146 1125

Fax: (095) 146-1960

Contact: Vadim Garshin, Managing Director

e-mail: ostec.e@g23.relcom.ru

RLP

R.L. Pidduck ATE & Test Aids Ltd.
54 Woolmer Ind. Est. Bordon,
Hants. GU35 9QF, United Kingdom
Contact: Chris Halliwell

Tel: +44 (0)1420 474188

Fax: +44/ 1420 478 101

e-mail: chris.halliwell@rlp.co.uk

Farr electronic + optic GmbH
Graefenhaeuser Str. 20
75305 Neuenbuerg

South Germany

Contact: Reiner Farr

Tel: +49 (07082) 9251-0
Fax: +49 (07082) 9251-33
e-mail: r-farr@t-online.de

Peter Semmler & Co. OHG
Kaizerstrasse 121

D-01187 Dresden

Eastern Germany

Contact: Peter Semmler
Tel: +49 (0) 351 471 8952
Fax: +49 (0) 351 471 8954

e-mail: semmlertechnologie @t-online.de

ATT Vertriebsges.m.b.H.
Simmeringer Hauptstrasse 24
A-1110 Wien, Austria

Contact: Jens-Christian Thomsen
Tel.: +43/ 1 740 40 221

Fax. +43/ 1 740 40 222

e-mail: je-thomsen@att.co.at



