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Abstract 

Problem: The manufacturing of printed circuit board (PCB) has been popularly developed, which demands quality and 
being effective in increasing customers’ satisfaction, decreasing costs, reducing defects and profitable warranty. 
However, practical experiences in the process of using statistic quality method – to be particularly significant in the 
manufacturing of PCB have shown over 60% of all circuit failures relating to the printing process which is the most 
critical step in PCB manufacturing.  

Approach: The aims of this research are to apply the Six-Sigma DMAIC to reduce the defects and improve the quality 
of PCB. At the beginning steps, process capability analysis (PCA) is employed to inspect and analyze the current 
printing operations. Afterwards, Taguchi method is applied to design experiments, analyze the significant factors and 
determine the optimum settings. 

Results: Taguchi is the core statistical tools for Six Sigma improvement and attaining a higher Six Sigma level, so by 
applying the optimal settings, the printing process can also be improved.  

Keywords: quality, Six-Sigma improvement, DMAIC, Taguchi method 

1. Introduction 

Industries are continuously facing extreme competition and the challenge of meeting increasing demands for higher 
quality products at economic costs (Nguyen & Tran, 2015). The success of an organization is directly related to how 
effective its implementation of continuous improvement is. Six-Sigma is an all-round and flexible system which can be 
used to obtain, maintain, and expand the success of a corporation. Its quality standard refers to a probability limitation 
of 3.4 errors out of a million operations during the manufacturing process (Harry & Schroeder, 2000; Nguyen et al., 
2015). For many manufacturing system, the Six-Sigma approach is an important continuous improvement 
methodology, which integrates with a business strategy based on execution of management by objectives, and effective 
project management with Define, Measure, Analyze, Improve, and Control (DMAIC) technique which is critical to 
attain excellent business performance. 

A Six Sigma is a structured and disciplined process, focused on delivering perfect product or service to the customer on 
a consistent basis. Six sigma programs have performance metrics and measurements based on cost, quality, and 
schedules. This method implementation uses a systematic procedure including the five-step DMAIC (Define, Measure, 
Analyze, Improve, and Control) methodology. The performing at six Sigma level means producing only 3.4 defects out 
of every million opportunities for a business process. There has been a significant increase and development of six 
sigma technology and methodology in organizations. Especially in the last decade, as a change and improvement 
strategy, Six Sigma has received considerable attention in global companies in generating maximum business benefit 
and competitive advantage. DMAIC is a closed-loop process that eliminates unproductive steps, focuses on new 
measurements, and applies technology for continuous improvement. 

 

 

 



http://rwe.sc

Published by

Table 1. Six

Si

 

Table 2. Ke

Six Sigma 

Defin
 

Meas

Anal

Impr

Cont

 

A printed c
ranging fro
formed by 
as the subs
interconnec
external ele
function, su

 

 

 

 

ciedupress.com 

y Sciedu Press  

x sigma levels 

igma level 
1 
2 
3 
4 

5 

6 

ey steps of six 

steps 

ne 

sure 

lyze 

rove 

trol 

circuit board, o
om common be
a thin layer of 
strate. Individu
cting circuits. C
ectrical device
uch as a signal

             

and defects pe

sigma using D

Key pro

-Define t
-Define t
-Define t

-Measure
-Develop
-Collect 
-Analyze
-Determi
-Improve
-Develop
-Control 
-Develop
process 
- Implem

r PCB, is a sel
eepers, or page

f conducting ma
ual electronic 
Contact fingers
es such as on-o
 amplifier, or m

Figure 1. A 

Research

         30

er million oppo

DPMO 
691,462 
308,538 
66,807 
6,210 

233 

3.4 

DMAIC process

ocesses 

the requiremen
the project bou
the process by 

e the process to
p a data collect
and compare d

e the causes of 
ine the variatio
e the process to
p creative alter
process variat

p a strategy to m

ment the improv

lf-contained mo
ers, and radios
aterial deposite
components a

s along one or m
off switches. A
multiple functio

layout of a typ

h in World Econo

             

ortunities 

Perc

0

s 

nts and expecta
undaries 
mapping the b

o satisfy custom
tion plan 
data to determin
f defects and so
ons in the proce
o eliminate var
rnatives and im
tions to meet cu
monitor and co

vements of sys

odule of interc
s to sophisticat
ed, or "printed,
are placed on 
more edges of t
A printed circu
ons.  

 

 

 

pical circuit boa

omy

            I

cent defective
69% 
31% 
6.7% 
0.62% 

0.023% 

0.00034% 

ations of the cu

business flow

mer’s needs 

ine issues and s
ources of variat
ess 
riations 

mplement enhan
ustomer requir
ontrol the impr

stems and struc

connected elect
ted radar and c
," on the surfac
the surface of
the substrate ac

uit board may h

ard on the desi

ISSN 1923-3981

Pe

ustomer 

shortfalls 
tion 

nced plan 
rements 
roved 

ctures 

tronic compone
computer syste
ce of a noncon
f the substrate 
ct as connector
have circuits t

ign step 

Vol. 6, No. 4

1  E-ISSN 1923

ercentage yiel
31% 
69% 

93.3% 
99.38% 

99.977% 

99.99966%

ents found in d
ems. The circu
ductive board k
and soldered 

rs to other PCB
that perform a 

4; 2015 

3-399X 

ld 

devices 
uits are 
known 
to the 

Bs or to 
single 



http://rwe.sc

Published by

 

 

 

 

 

 

This case s
extensively
and potenti
process is a
60% of all 
setup of th
reason for p
achieve thi
must be ass

Nowadays,
PCB is bec
the compan
proper cont
can occur. 

 

 

 

 

 

 

 

According 
Therefore, 
products of

This study 
to improve
identify qu
problems a

This resear
the defects
inspect and
the signific
improved a

ciedupress.com 

y Sciedu Press  

tudy was condu
y in the electron
ially more reli
a very critical 
soldering defe

he printing proc
printing solder
s objective, the
sured and the p

, the market de
coming more an
ny’s point of vi
trol of the prin

to the current 
this study wa

f a PCB compa

aims at improv
e the quality of 
ality problems

and increase qu

rch applies the 
s and improvin
d analyze the pr
cant factors and
and a higher Si

             

ucted to manuf
nics industry. S
iable products 
step in the sur
cts are due to p
cess are key e
r paste onto the
e solder paste p
print must be fo

emands increas
nd more delica
iew, the printin

nting process, c

Figure

process capab
as conducted in
any. 

ving the quality
f the product fo
; (2) to present

uality of the pro

Six-Sigma DM
ng the quality o
resent printing

d determine the
ix Sigma level 

Research

         31

Figure 2. An e

facture multi-la
Surface-mount
can be design

rface-mount ma
problems assoc
lements that m

e Printed Circu
print must be al
ormed as an ev

singly complex
te. Thus, qualit
ng process is th
common printin

e 3. Seven type

bility study, the
n the printing 

y of PCB using
or its customer 
t commonly use
oduct by using 

MAIC (Define,
of PCB. At the

g operation. Aft
e optimal settin
can be attained

h in World Econo

             

example of circ

ayer PCBs usin
ted component

ned and manufa
anufacturing p
ciated with the 
must be consid
uit Board (PCB
ligned correctly
ven layer of pas

x electronic pro
ty excellence i
he most crucial
ng problems su

 

es of defects on

e sigma level o
process with 

g six sigma DM
satisfaction. T
ed six sigma to
Six Sigma DM

 Measure, Ana
e beginning ste

fterwards, Tagu
ngs. By applyin
d. 

omy

            I

cuit board 

ng Surface mou
ts are often sma
factured using 
process. Experi

printing proce
dered when tryi
B) is to supply s

y, the correct a
ste for perfect 

oducts in term
s so significant
l process that c
uch as bridging

n the PCB laye

of the printing
the objectives

MAIC methodo
The objectives o
ools and techniq
MAIC methodo

alyze, Improve
eps, process ca

uchi method is 
ng the optimal s

ISSN 1923-3981

unt technology
aller than their
SMT. Solder p

ience has show
ess. Therefore, 
ing to minimiz
solder alloy for
amount of solde
component pla

ms of specificati
t in the manufa
can affect the P
g, open circuit,

er 

g process was n
s of improving

ologies. The cas
of the study are
ques; (3) to sol
ology. 

e and Control) a
apability analy
used to design
settings, the pr

Vol. 6, No. 4

1  E-ISSN 1923

y (SMT), SMT 
r leaded counte
paste stencil p

wn that typicall
the operation a
ze defects. The
r the solder join
er paste for eac
acement. 

ions. The circu
acture of PCBs
PCB quality. W
, spur and mou

not very satisf
g the sigma lev

se study was re
e: (1) to resear
lve the quality r

approach to re
ysis (PCA) is u
n experiment, a
rinting process 

4; 2015 

3-399X 

is used 
erparts, 
printing 
ly over 
and the 
e main 
nts. To 

ch joint 

uit of a 
s. From 
Without 
use bite 

factory. 
vel for 

equired 
rch and 
related 

ducing 
used to 
analyze 

can be 



http://rwe.sc

Published by

2. Literatu

2.1 Introdu

The printin
application
snap-off di
semi-autom
solder paste
with the ste
front/back 
stencil open

 

 

 

2.1.1 Stenc

Stencils ca
plastic. Th
apertures in
solder paste
printing fra
the stencils
but 100, 12
pitch such 
150-micron
solder past
width must
width shou
apertures a
paste roll d

 

 

 

 

 

ciedupress.com 

y Sciedu Press  

ure Review 

uction to Printi

ng process is 
n method of sol
istance betwee

matic. During a
e is then manua
encil and close
blade. In this w
ning. The oper

cil 

an be made of 
here are three 
n both laser-cu
e slip easily off
ame using tensi
s and thereby r
25 and 200 micr

as 0.3 mm le
n stencils can b
te present to fo
t be at least 3 t
uld also be larg
and smearing. T
during printing.

             

ing Process 

a manufacturi
lder paste is pri
en a stencil an
a printing proce
ally placed onto
e contact with t
way, solder pas
ration of a prin

Figu

different mate
different stenc

ut and electrof
ff the aperture e
ioned mesh or 
resulting in poo
rons are also av

ead pitch, 100 
be used. The st
orm each solde
times (preferab
ger than the st
The top surface
. 

Fi

Research

         32

ing process th
inting and the p
nd a PCB. Th
ess, two PCBs 
o a stencil befo
the given amou
ste is pressed ag
ting machine i

ure 4. The oper

erials. Besides 
cil-manufactur

formed stencils
edges and there
directly using 
or printing qua
vailable. The th
or 125-micron

tencil thicknes
er joint during 
ble 5 times) the
tencil thickness
e of the metal 

igure 5. An exa

h in World Econo

             

hat transfers so
printing techniq
he type of prin
are placed side

ore printing. Th
unt of solder pa
gainst the stenc
s shown in Fig

 

 

 

ration of the pr

stainless steel
ring methods: 
s have very sh
eby secures a un
a special frame

ality. The thick
hickness should
n stencils coul
ss together with
reflow solderin
e diameter of t
s. Rounded ap
stencil should 

 
ample of metal 

omy

            I

older paste on
que used is off
nting machine
e-by-side on th
he front/back bl
aste. The solde
cil and transfer

gure 3. 

rinting process

l, they can be 
Etching, elec

harp edges and 
niform print. T
e with gripping

kness of the me
d be chosen bas
ld be used and
h the aperture 
ng. As a guide
the largest sold

perture corners 
be slightly rou

l stencil [24] 

ISSN 1923-3981

nto the solder 
f-contact printin
e used to man
he solder of a p
lade of squeeg

er paste is then
rred onto the so

made of copp
ctroforming an

are slightly co
The metal stenc
g systems, whic
etal stencil is ty
sed on the job i
d for lead pitc
size also deter

eline, the minim
der particle and
will reduce cl

ughened to ach

Vol. 6, No. 4

1  E-ISSN 1923

pad of a PCB
ng in which the

nufacture produ
printing machin
ee makes line c

n rolled in front
older pad throu

per, bronze, nic
nd laser cutting
onic. This mak

cils are attached
ch can easily d
ypically 150 m
in hand. For ve
ch down to 0.
rmines the amo
mum stencil ap
d the stencil ap
logging of fine
hieve a perfect 

4; 2015 

3-399X 

B. The 
ere is a 
ucts is 

ne. The 
contact 
t of the 
ugh the 

ckel or 
g. The 
kes the 
d to the 
damage 
microns 
ery fine 
5 mm, 
ount of 
perture 
perture 
e pitch 
solder 



http://rwe.sc

Published by

2.1.2 Squee

In this stud
and back p

 

 

 

 

 

 

 

 

 

 

Solder past
of metal, v

2.2 Six Sigm

Over the y
programs. F
al. (2003); 

Six Sigma 
techniques,
to maximiz

Hoerl (200
quantitative
defects per
about the p
the 1980s 
method wa
proposed S
allowed ma
statistic, en
organizatio

ciedupress.com 

y Sciedu Press  

egee and Solde

dy, the squeege
rinting. In curr

te characteristic
iscosity, slump

ma 

years, many res
For example, s
Mcadam & Ev

is the widely
, change manag
ze an organizat

01) and Montg
e point of view
r million oppor
process average
as the part of 

as developed b
Six Sigma as to
any organizatio
ngineering, and
ons such as Gen

             

er Paste 

ee system consi
rent practice, b

Fig

cs must be care
p, solder balls, 

searchers have
ee the previous

vans (2004); Sz

y recognized a
gement tools, p
tion’s return on

gomery (2008
w. From the st
rtunities or a su
e Antony & Ba
its quality per

by William Sm
ol to improve r
ons to sustain t
d the project ma
neral Electric, 

Research

         33

ists of the fron
oth front and b

Figure 6.

gure 7. The ope

efully controlle
flux activity w

e studied Six S
s research of A
zeto & Tsang (

as a business s
project manage
n investment (R

8) discuss the 
tatistical point 
uccess rate of 9
anuelas (2002).
rformance mea

mith to deal wit
reliability and t
their competitio
anagement. A S
Boeing, DuPo

h in World Econo

             

nt and back blad
back printing a

A printing mac

 

 

 

 

eration of sque

ed to achieve op
working life and

Sigma program
Antony & Banue

2005); and Sav

strategy that e
ement skills, te
ROI) through th

six sigma me
of view, the te

99.9997% whe
 Motorola was

asurement and 
th high failure 
the quality of p
on advantage b
Six Sigma has 
nt, Toshiba, Se

omy

            I

des, there are t
are used alterna

chine 

eegee system

ptimum produc
d shelf life. 

ms and identifie
elas (2002); Co
volainen & Ha

employs statist
eamwork skills 
he elimination 

ethod from th
erm six sigma
ere sigma is a t
s the first organ

improvement 
rate experienc

products. The a
by integrating t
since been suc

eagate, Applied

ISSN 1923-3981

two types of pr
ately during pri

ction results. T

ed many critic
oronado & Ant
aikonen (2007)

tical and non- 
and a powerfu
of defects in p

he statistical, p
a is defined as 
term used to re
nization to use 

program. The
ced by the syst
application of th
their knowledg
ccessfully appl
d Signal, Koda

Vol. 6, No. 4

1  E-ISSN 1923

rinting, front p
inting. 

These include: p

cal decisions o
tony (2002); Ly
. 

statistical too
ul roadmap (DM
processes. 

probabilistic an
having less th

epresent the va
the term six sig

e concept behin
tem produced. 
he six sigma m
ge of the proces
lied in manufac
ak, Honeywell,

4; 2015 

3-399X 

printing 

percent 

f these 
ynch et 

ols and 
MAIC) 

nd the 
han 3.4 
ariation 
gma in 
nd this 
Smith 

methods 
ss with 
cturing 
, Texas 



http://rwe.sc

Published by

Instrument
method (H

A Six sigm
To achieve
methodolog
perform eff

2.3 Introdu

Taguchi m
depends on
possible co

In Taguchi
conditions.
columns an
These S/N 
account bo
several S/N
is better. 

 

 

 

 

 

 

3. Method

3.1 Six-Sig

DMAIC is
associated 
process for
Measure, A
Tollgates a
evaluate wh
provide gu
problems a
reviews. To
soon after t

3.1.1 Defin

When impl
During the 
it should b
characteris
product to 

ciedupress.com 

y Sciedu Press  

s, Sony, etc. N
arry & Schroed

ma methodology
e an objective,
gies for tackli

ffectively and fo

uction to Taguc

ethod is a tech
n many factors 
ombinations of 

i methodology,
. The tool used 
nd rows. The T
ratios are used

oth amount of 
N ratios availab

ology 

gma DMAIC 

s a structured 
with Six Sigm
r project mana

Analyze, Impro
are where the p
hether the team
idance regardin

and other barrie
ollgates are cri
the team comp

ne 

lementing the 
selection of a p

be decided whe
tics (CTQ) ne
satisfy custom

             

Numerous book
der, 2000 and H

y improves any
Six Sigma us

ing existing pr
for looking for 

chi Method 

hnique for desi
(variables, inp

f values.  

, the desired d
in the Taguchi

Taguchi method
d as measures o

variability in t
ble depending o

problem-solvi
ma activities, an
agement and c
ove, and Contro
project is review
m can successfu
ng the use of s
ers to success–
tical to the all 
letes each step

Six-Sigma DM
project, custom
ether the proc
ed to be select

mers’ needs. Af

Research

         34

ks and articles
Hoerl, 2001).

y existing busin
ses a five step
roducts or pro
incremental im

igning and per
puts) without h

design is finaliz
i method is the 
d employs a ge

of the effect of n
the response d
on type of char

Figure 8. T

ng procedure 
nd almost all im
ompletion. Th

ol. Notice that t
wed to ensure 

fully complete t
specific technic
–and strategies
problem-solvin

p (Montgomery

MAIC approach
mers’ requireme
ess or the pro
ted as to what
fter customers’

h in World Econo

             

s also address 

ness process by
s methodology

ocesses which 
mprovement (L

rforming exper
aving tediously

zed by selectin
orthogonal arr
eneric signal-to
noise factors on
data and closen
racteristics, i.e.

 

 

The Taguchi pr

widely used i
mplementation

he letters DMA
there are “tollg
that it is on tra
the project on 
cal tools and ot
s for dealing w
ng process. It i

y, 2008). 

h, the most imp
ents and goals h
duct needs to 
t critical qualit

requirements 

omy

            I

the basic conc

y constantly re
y known as D
did not meet 

Lee-Mortimer, 2

riments to inve
y and unecono

ng the best per
ray (OA). OA i
o-noise (S/N) 
n performance
ness of the ave
, smaller is bet

rocess 

in quality and
ns of Six Sigm
AIC form an a
gates” between 
ack and they p
schedule. Tollg
ther informatio

with them–also 
is important th

portant thing i
have to be clea
be improved. 

ty characteristi
have been det

ISSN 1923-3981

cepts and bene

eviewing and re
DMAIC. It is o

customer spe
2006) 

estigate proces
omically run of

rformance und
is the matrix of
ratio to quanti

e characteristics
erage response
tter, nominal is

d process impr
ma use the DMA
acronym for th

each of the ma
provide a conti
gates also pres
on about the pr
often are iden

hat these review

is to define the
arly determined

Afterwards, t
ics need to be 
termined, the n

Vol. 6, No. 4

1  E-ISSN 1923

efits of the six 

e-turning the pr
one of most co
cification or d

ses where the 
f the process us

der given const
f numbers arran
ify existing var
s. S/N ratios tak
e to target. The
s best (NB) and

rovement. It is
AIC problem s
he five steps, D
ajor steps in DM
inuing opportu
sent an opportu
roblem. Organ

ntified during t
ws be conducte

e scope of a pro
d at first. At thi
the critical to q

met in order 
next step would

4; 2015 

3-399X 

sigma 

rocess. 
ommon 
did not 

output 
sing all 

trained 
nged in 
riation. 
ke into 
ere are 

d larger 

s often 
solving 
Define, 
MAIC. 

unity to 
unity to 
ization 
ollgate 

ed very 

oblem. 
is stage 
quality 
for the 
d be to 



http://rwe.sciedupress.com Research in World Economy Vol. 6, No. 4; 2015 

Published by Sciedu Press                        35                          ISSN 1923-3981  E-ISSN 1923-399X 

evaluate their priority. Problems of higher urgency and importance shall be improved first. Lastly, the performance 
standard has to be defined to prioritize the improvements and evaluate various influences of the errors. The goal of the 
performance system is to convert customers’ needs into process requirements, and the outputs of the process have to 
fall within specification limits accepted by customers. 

3.1.2 Measure 

The most important thing in the measurement stage is to verify the measurement system, because only when the system 
is accurate and reliable the root causes of a problem can then be clearly identified. Implementing a measurement 
system analysis includes two major items: correctness of the data and accuracy of the measurement system. A 
measurement system has to be assessed for its resolution, preciseness, bias, repeatability, and reproducibility. The 
assessment is carried out in the following steps: 

3.1.2.1 Collection of Data 

Randomly select the parts and the operators. Measurement of the selected parts is conducted repeatedly by the 
operators in a random order. 

3.1.2.2 Analysis of Variance 

Analyze if the part being measured, where measurement operators and the interaction have any significant influence on 
measurement results. If the P value of the interaction is greater than 0.05, the interaction is not significant and can be 
ignored. 

3.1.2.3 Gauge Repeatability and Reproducibility (R&R) Analysis 

Measure the variance of the systems, the gauge R&R including data analysis. 

Data analysis: The measurement system evaluation standard is shown in Table 3. If %Study Var is smaller than 10%, it 
is considered as a good measurement system. It would be an acceptable measurement system if the value ranges 
between 10% and 30%. It is not considered as a good measurement system if the value is greater than 30%. 

 

Table 3. Measurement system evaluation standard 

Acceptable  %Study Var≦10% 
Attention 10%＜%Study Var≦30% 
Reject 30%＜%Study Var 

 

3.1.3 Analyze 

At this stage, it is necessary to determine the sources of variation, find the reasons why there are errors, and then 
categorize the reasons that exist in different types. This means to find out what inputs influence the outputs and to 
identify the critical input factors that influence the results. To achieve this, the Cause and Effect Diagram is used in the 
current study.  

3.1.4 Improve 

In this phase, DOE was used as a core statistical tool for the sigma level improvement. The DOE steps are defined as 
finding out the response or output, identifying factors for the study, determining factor levels and range of factor setting. 
Taguchi method was used to select appropriate experimental design, run the experiment, collect and analyze the data, 
find out the results and draw conclusion. 

3.1.5 Control 

This stage is to implement a process control system, establish standard documentation, and continue to record and 
observe the process, so the key factors can be identified that over time the determined optimal setting does not get lost. 

3.2 Design Process of Taguchi Method 

The Taguchi method involves reducing the variation in a process through robust design of experiments. The overall 
objective of the method is to produce high quality product at low cost for the manufacturer. Taguchi developed a 
method for designing experiments to investigate how different parameters affect the mean and variance of a process 
performance characteristic that defines how well the process is functioning. The experimental design proposed by 
Taguchi involves using orthogonal arrays to organize the parameters affecting the process and the levels at which they 
should be changed. Instead of having to test all possible combinations like the factorial design, the Taguchi method 
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tests pairs of combinations. This allows most the collection of the necessary data to determine which factors affect 
product quality with a minimum amount of experimentation, thus saving time and resources. Taguchi method is best 
used when there are an intermediate number of variables, few interactions between variables, and when only a few 
variables contribute significantly. The following are some basic steps of Taguchi method. 

Step 1: Identify quality characteristics 

The beginning of experiment, this method needs to define the process objectives or target values for a performance 
measure of the process; for example, forming load, temperature or quality, and so on. The goal of a process may also be 
a minimum or maximum; for example, the goal may be to minimize forming load. The deviation in the performance 
characteristic from the target value is used to define the loss function for the process. 

Step 2: Determine the design parameters affecting the process 

Parameters are variables within the process that affect the performance measure such as temperatures, pressures, and so 
on, that can be easily controlled. The number of levels that the parameters should be varied must be specified. For 
example, a temperature might be varied in between low and high values.  

Step 3: Determine orthogonal arrays 

Orthogonal array is chosen based on the number of parameters and the levels of variation for each parameter. For 
example, for four control factors and each factor has two levels, so there are sixteen combinations in Taguchi 
experiment and the full orthogonal array L16(24) is used for this case. 

Step 4: Conducting the experiments and record results 

After the factors are set up completely then the experiments will be conducted. After the experiments run finished, we 
can measure the parameters and experiment data. 

Step 5: Data analysis 

Complete data analysis to determine the effect of the different parameters on the performance measure.  

Signal-to-noise: To determine the effect each variable has on the output, the signal-to-noise ratio, or the S/N number, 
needs to be calculated for each experiment conducted. Depending on output quality characteristic, S/N ratio has three 
common kinds of S/N as below: 

* Smaller the better: 
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Where, S/N: Signal to noise ratio, n: Number of experiments 

yi: Experimental values 

* Larger the better:  
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Where, S/N: Signal to noise ratio, n: Number of experiments 

yi: Experimental values 

* Nominal the best 
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Where, S/N: Signal to noise ratio, n: Number of experiments 

yi: Experimental values, m: Target value of result 

From signal to noise analyzing, the results can be estimated to find out the best product quality or process through 
making tabular below: 
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Identify the factors 

Identify the conditions

Identify control and noise factors

Identify orthogonal array

Define the data analysis procedure 

Run experiments 

Analyze the data

Predict the product or process quality

Validation experiment 

Table 4. An Example for Taguchi Orthogonal Array L8 

Experiment Factor 1 Factor 2 Factor 3 Factor 4 S/N 

1 1 1 1 1 SN1 
2 1 1 1 2 SN2 

3 1 2 2 1 SN3 

4 1 2 2 2 SN4 

5 2 1 2 1 SN5 

6 2 1 2 2 SN6 

7 2 2 1 1 SN7 

8 2 2 1 2 SN8 

 

In order to understand more clearly about this method, this research applied Taguchi experiment and the experiment 
would be conducted in the later chapter. 

Step 6: Confirmation experiment 

Running the experiments at the optimum condition is the final necessary step. So the process will be able to find out the 
best process or product quality. 

A Taguchi experiment processes are summarized as flow chart below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Taguchi experiment flow chart 
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Orthogonal arrays have a balancing property in which every factor setting occurs for the same number of times for 
every setting of all other factors in the experiment. Orthogonal arrays allow researchers or designers to study many 
design parameters simultaneously and can be used to estimate the effects of each factor independent of other factors. 
Therefore, the information about the design parameters can be obtained with minimum time and resources. The 
signal-to-noise ratio is simply a quality indicator by which the experimenters and designers can evaluate the effect of 
changing a particular design parameter on the performance of the process or product. 

In analyzing the simulation results, the nominal is the best characteristic of the Taguchi method is used to calculate the 
signal-to-noise (S/N) ratio that can identify the significant process parameters and optimize the PCB process. 

4. DMAIC Approach to Improve Quality of PCB 

This research is to apply the Six-Sigma with DMAIC (Define, Measure, Analyze, Improve, and Control) approach to 
reduce the defects of printed circuit boards (PCB), where the focus is on the printing process. The process, description, 
and techniques used are described in Table 5. 

 

Table 5. Description and technique in each step of DMAIC in the study case 

Process Description Technique 

Define (D) 

1. Define a problem 
2.Identify the CTQ characteristics 
3.Establish project improvement goals 
4. Begin the process 

Pareto chart 

Measure (M) 1. Verify the measurement system 
2. Determine process capability 

Gage R&R 
Histogram 

  Analyze (A) 
1. Data collection plan 
2. Identify the sources of variation 

Brainstorming 
Cause and Effect (C&E)  

Improve (I) 
1. Find some critical factors 
2. Carry out the design of experiment for the 
critical factors 

Taguchi method 
 

Control (C) 
1. Implement the process control system 
2. Establish standard documentation 

Control plan 
Standard Operating Procedure 

 

4.1 Define Phase 

The lots of product rejected by the customer in two months were checked. The results of inspection on the types of 
defects on the PCB after screening process that contributed to the customer rejection or complaints are shown in Table 
6. 

 

Table 6. Defects of PCB on two months 

Description Defects October November 
Bridging 797 845 
Open circuit 341 418 

Spur 65 78 
Mouse bite 32 41 

Pinhole 20 30 

Missing conductor 8 14 
Missing hole 5 9 

Total 1268 1435 
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Figure 10. Pareto charts for screening process defects in October 

 

 

 

 

 

 

 

 

 

 

Figure 11. Pareto charts for screening process defects in November 

 

Pareto charts revealed that Bridging and Open circuit have the largest quantity of defects. Because too less solder paste 
can cause open circuits and too more solder paste can cause bridging between solder pads in the subsequent processes. 
Thus, the solder paste height on the solder pads is identified as a critical to quality (CTQ) characteristic that needs to be 
controlled in a very precise way by the case of study. 

4.2 Measure Phase 

4.2.1 Introducing the Measurement System 

Regarding the improvement of the printing process, the Solder Paste Height Measurement System SPM-300-3D is 
used and this equipment is verified for its measurement system.  

a. The description of this equipment 
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The height of solder paste was determined to be the output response. The range of PCB with height between 0.45 and 
0.55 mm does not considered as rejected PCB. 

4.4.3 Using Taguchi Method Finds Some Critical Factors 

One of the complete factorial experiments is nk factorial designs; k is the number of factors investigated at n levels. In 
order to calculate the number of runs, e.g. if n =2, k = 5 then the number of runs is 25 = 32 runs. The number of run 
increases as the k value increases. To solve this complexity, the Taguchi method uses a special design of orthogonal 
array to study the entire process parameter space with a small number of experiments only. In this step, the study case 
will use Taguchi method to reduce some factors that are not properly significant. Using Minitab created the Orthogonal 
Array L16: 

 

Table 8. Using Minitab to create the Orthogonal Array L16  

A 
Printing 
speed 

(mm/s) 

B 
Side of 
stencil 

C Pressure 
of squeegee 

(kg) 

D Snap 
off 

(mm) 

E Solder 
paste 

volume 

F Blade 
type 

G 
Cleaning 
interval 

(s) 

H Separation 
speed 

(mm/s) 

 
 

Height 

30 left 4 -0.1 Small Front 5 1 0.434 

30 left 4 0.1 Small Back 10 5 0.463 

30 left 7 -0.1 Large front 10 5 0.513 

30 left 7 0.1 Large back 5 1 0.552 

30 right 4 -0.1 Large back 10 1 0.484 

30 right 4 0.1 Large front 5 5 0.425 

30 right 7 -0.1 Small back 5 5 0.506 

30 right 7 0.1 Small front 10 1 0.558 

60 left 4 -0.1 Large back 5 5 0.463 

60 left 4 0.1 Large front 10 1 0.568 

60 left 7 -0.1 Small back 10 1 0.565 

60 left 7 0.1 Small front 5 5 0.539 

60 right 4 -0.1 Small front 10 5 0.476 

60 right 4 0.1 Small back 5 1 0.481 

60 right 7 -0.1 Large front 5 1 0.526 

60 right 7 0.1 Large back 10 5 0.584 
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5. Conclusions and Future Works 

5.1 Limitations and Conclusions 

The objectives of this research are to resolve quality related problems in printing process of manufacturing PCBs and 
using Six Sigma DMAIC to improve quality of the products. The goals of this study are: to research and understand 
printing process in printed circuit board manufacturing (PCB), to evaluate and research quality problems in a PCBs 
company, to research and apply statistical software that is MiniTab version 15, and to solve the quality problem of 
printing process, increase quality of PCBs with the optimal factors and levels are: A1 (30mm/s); C1 (4kg); D1 
(-0.1mm); G1 (4mm/s); H2 (3s). 

The results show that Six Sigma DMAIC methodology can be used to improve the quality of a PCB product, the 
printed circuit board company was applied. The printing process and defects in circuit boards were studied. In the 
improve phase of the DMAIC approach, Taguchi method was used to design experiment and analyze the Signal to 
Noise ratio. By using the optimal settings, the sigma level of the printing process can be improved, and hence a nearly 
Six Sigma level performance can be achieved. Unquestionable, Taguchi is the core statistical tools for Six Sigma 
improvement. It is recommended that successful implementation of the DMAIC approach in the printing process 
should be translated to similar manufacturing processes in the PCB industry. 

5.2 Future Works 

Obviously, by using these optimal settings, the variation of the solder paste height can be reduced, and therefore the 
sigma level of the printing process in the study case can be improved from 3.5 to 5. The 5 Six Sigma level is acceptable 
for this study case because the defect level in parts per million (PPM) is reduced from 35822 to 365 defects. It means 
the current printing process is also improved about 90%. In this study, the Orthogonal Array L27 is used to study the 
influence of five significant factors on the solder paste height and to draw conclusions. In the future, a full factorial 
experiment will be carried out. Because by using the full factorial experiment, we can also evaluate even the 
interactions between the factors. When knowing the interactions, the sigma level of the printing process will be able to 
be more improved. It is also suggested that the company extend the designed experiments to different machine, so that 
the optimal settings can be applied to all machines. 
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