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Abstract: Companies which are offering Electronic Manufaitgr Services are continuously balancing
among fast product introduction of customer produtiigh quality production and profitable operatic@ur
paper describes link among producability of Pi@iards, process control, test system & equipmestiastyility

and profitabile manufacturing Process control iy ke PCB assembly for high quality and profitabfeeaation,
however the time pressure limits the developmepraduct test system which is the core of contfdbaard
assembly. In order to achieve good control appiater methods and equipments are essential asSaishe
ahead of competition method and process were dasélovhich can be used in production environment for
tester system acceptance and regular check of tiondif tester system. Beside of a product testreme the
production test system reliability and long terniiakility is calculated with the help of statisticaethods. The
acceptance method can be used both for own prothstt system development and also for consigned
equipments.

1. INTRODUCTION Typically a board goes through optical inspection,
circuit testing, flashing (which can be interpretedia
This work was motivated by the need to determingnd of test because it requires partly functioning
quantitative quality charateristics, such as vaman circuit), functional testing and final testing. Ha8-5
parameters, process capability and performanggst steps applied upon need and complexity of
indices, originated from Measurement Systerfoards. Each test step verifies the previous adgemb
Analysis  (MSA) techniques called as Gagectivity i.e.: Surface Mount Assembly, Through Hole
Repeatability and Reproducibility Study (GR&R) afsssembly, Final Assembly, and Calibration. At the
well as Statistical Process Control (SPC) [1] foe t and the total test coverage is the summary of the
practicing test engineers in industrial mass prédoc individual test steps. In order to obtain reliakied
environment. The applied calculation procedures aggirable test system through the entire productimhe
obtained from the well known and stand&is Sigma steps need to perform according to the highest
(60) [2] methodology in our developed program [3]standard which ensured by the qualification system.
This statistical service software conforming to the

Third Edition of AIAG MSA Reference Manual [4] . ¢ q ith e 1
and it can be used for the critical test measuremerPc/MENS are made with purpose ot 1o qua ify a

data estimation tasks furhermore the quantitativrgea.swemt system fqr use by quantn_‘ylng |ts_ acourac
access of test mesurement systems. precision and stability. The MSA is an important

cheking and back-coupling process during the new
product indrotuction and tester setup procdurethédn
2. MEASUREMENT SYSTEM ANALYSIS (M SA) following subsections a brief description of the
AND TESTING OF PCBs GR&R and SPC methods which are implemented in
our statistical service application [3] will be tioéd.
The assembled PCBs (Printed Circuit Boards) are
tested extensively according to its complexity.

In the course of an MSA specially designed
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and these terms are computed by using the two way
ANOVA method [1, 2]. Beside this variance
parameters (called as AV, EV, PV, |, R&R and TV)
the program calculates the percentage contributions
and tolerances, together with the F-ratios andipesa
and makes Excel table and graphical reports frasn th
data. On the graphical report sheet (see fig. 3.)
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Fig. 1 Example of a producted and tested Printed Circuit | £ A //\\ =
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. C . . & o RIS T VT M i e
The GR&R [1, 2, 4] investigation is an industrial |} = R o h

standard method which using the statistical test
procedures of repatability and reproducibility (R&R  Fig. 3 Excel graphical GR&R report for a given test step
called as gage study and determines the amount of

variation in the measurement system arising froen th

test station and the product. So, this analysis the regular control charts are displayed, such as
addresses the issue of precision of measuremeat. Qontribution chart, R-chart, Xbar-chart, Interantio
observed total variability is originated from theplot and the run charts of Measurement by Testdr an
following sources: Total GR&R (broken into Measurement by Product. The ANOVA and GR&R
repeatability and reproducibility) as well as produ tables and the control charts help to identify alee

variabilities (see fig. 2.). and eliminate the possible failures which can be
arised from the tester device, applied measurement
Observed Total Variability method, the product design or technology processes.
The measurement system can be accepted if the
Product Variability ~ Measurement System Variability percentage tolerance ration of the Total GR&R is
under 10%.
Repeatability Reproducibility
_ 2.2. Statistical Process Control (SPC)
Tester Tester-Product Interaction

The SPC [1, 2, 4] is inspired to unsure the
steadiness of quality of produced products. The
purpose of the SPC is the investigation of process
capability and process perfromance, and then again
gthe statistical conditioning and monitoring of thass
b’roduction. If the variance of a given process is
relatively small and its measured data are locdlize
around the centre of the specification limits ire th

Fig. 2 Components of the total variability

The reproducibility can further be divided as test
and tester-product interaction components. The @b
variance decomposition can be given as

2 = 2 2 = 2 2 1
Trotat = Oproduct ™ Outeasuremesystem = Tproguer " Toagar @) range =& with normal distribution, and its avarage,
deviance and shape do not significantly change then
o2 =g 400 +02  +g2 (2) the process is controlled. This type of processsitas

Total Product Repeatabity Tester Tester-Productinteraction

sigma-like ability. The most important quantitative
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characteristics of the process are the procesdbitypa empirical relative frequency density just as therail

(Cpk) and performace (Ppk) indices that can hend within Gaussian distribution curves are shdwn.

written as the industrial practice the indices can be accejited
those have values higher than 1.67 (it means ksat t

I 3) failure rate less than 0.57 ppm).
Cokemin _USLTH_ HoLSL
l/StudyVar N l/SIudyVar N
2 oo e 3. FINDING OF OPTIMAL COST
- The reaching of demanded values for total GR&R
oo min| _USL= 4 - LSL (4) and Cpk, Ppk are required to establish a good
PRSI 7 measurement system and production process. These
2 Joverat T Joveral two thinks are the key to gain high yield and oyali

with respective low and optimal cost (see fig bi}.

These indices are derived from short terfdi shows the budgeted investment as a function of
(moment recording) and long term observations arménsumed time. In fig. 7. the coherence between
calculated from th@winin Within and oowerar Overall  projetcs’ time and yield is shown. The presented
sample deviations, respectively. In eqns. (2) af)d (tendency curves were calculated by fitting three
USL and LSL are the upper and lower specificatiorparameter exponential functions to the empiricahda
limits, and the default value ®kwqyvarStudy variation Of Elcoteq Engineering Services Centre.
is 6 according to the expected coverage level,
because this width of the interval is needed tdwap

. -T C
the 99.73% spread of a given process measurement. Yo

- Rroduction Cost - Quality Cost
The Cpk index asks two questions: (a) Does the
process driven on along of the centre of tolerahce
(b) Does the process deviation systematically chang
during the time ? The Ppk index shows that what is
the probable rate of produced products inside ef th N

. e . |
specified limits in a controlled process. l 100%  Yield

Optimal Cost

Histogram of Distribution

Fig. 5 Production and quality parts of total cost
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Fig. 4 Excel graphical SPC report for a given test step

In the case of SPC investigation, our program also
calculates the process means, standard deviatiwhs a Time
defects per million opportunities (DPMO). Theseadat
are displayed on Excel tables, in addition on the
graphical report sheet (see fig. 4.) the histogoathe

Fig. 6 Cost of quality as a function of time
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campaign defines the exact timing of product launch
on the market. Relative to the product launch, the
industrialization and production test system
development time can be calculated and milestones
can be established. The required developmentofost
test system exponentially increasing assumingttieat
aim is to approach the 100% quality level. Having
number of product introduction experimental dat th
required budget can be well calculated in case of
milestones and quality (yield) expectations are the
boundary conditions of the project. In the above
described case the project cost goes exponentially
which is becoming even heavier for complex test
Yield systems. The collected empirical data provides good
grounding for further fine tuning of our method. In
the following work our aim is to generate explicit
equations which describes for a type product the
4. RESULTSAND SUMMARY relation between yield and time relative to budget.

Time

Fig. 7 Projects’ Time depend on reached yield
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The industrialization and new product introduction
is part of the ready product marketing program. The
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