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A study of process quality improvement of Taiwan LED
packaging factory —Example of Harvatek Corporation
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This special subject research plan is emerged from the matured white LED (Light
Emitted Diode) mass production technology and epidemic energy saving program in Taiwan
LED industry. Most of packaging factory put its efforts on process capability improvement
and quality assurance enhancement in this booming LED market to take its competitive
advantage. There is a good opportunity for both of Mingshin University and Science and
Technology and Harvatek Corporation to cooperate on the process improvement and quality
enhancement project.

In the manufacturing process of LED packaging, it is absolutely necessary to consider
the parameter limitations and uncertainty factors before mass production from the section of
material procurement, assembly, testing , inspection and product delivery . It will lead to
process unstable and order delay even impact brand image if the factory judged the
parameters influence by experiences. Specifically, how to improve and control the process
parameter and quality level are crucial to volume delivery and market sales.

This special subject research focuses on the study of production process and quality
issues of LED packaging factory in Harvatek Coorporation DOE ( Development of
Experiment ) is deployed on the theory model and parameter adjustment methodology
establishment DOE will go through two phases : Phase | — Screen the parameters that
influence process and enroll in experiment scope and find out the significant factors that
influence process quality. Phase 2 — Use the process — influenced significant factors on the
practical production line for evaluation and then compare and explain the impact effectiveness
of the significant factors to the manufacturing process The result can be applied in the LED
packaging factories when it needs parameters adjustment and process improvement by way of
this DOE method to ensure the production optimization and high quality level products.

The outcome of this special subject research will integrate the academic theory and
practical exercises together and proven
itselffeasibletobeappliedThismodelalsocanbepromotedtoother similar production factories
and making minor adjustments for various conditions. This special subject research will
enhance the application capability of Taiwan LED products and also improve the competitive
advantage in global marketing.
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Introduction to DOX

An experiment Is a test or a series of tests

Experiments are used widely in the engineering
world

o Process characterization & optimization

o Evaluation of material properties

o Product design & development

o Component & system tolerance determination

“All experiments are designed experiments,
some are poorly designed, some are well-
designed”



Engineering Experiments

Reduce time to
design/develop new
products & processes

Improve performance of
existing processes

Improve reliability and
performance of products

Achieve product & process
robustness

Evaluation of materials,
design alternatives, setting

compoenent-&-system

tolerances, etc.

Controliable factors

X, %, X,
Inputs Output
——" Process __)3-1
z, z, 2,

Uncontrollable factors

Figure 1-1 General model of a process or
system.



The Basic Principles of DOX

Randomization

o Running the trials in an experiment in random order
o Notion of balancing out effects of “lurking” variables
Replication

o Sample size (improving precision of effect estimation,
estimation of error or background noise)

o Replication versus repeat measurements? (see page 13)

Blocking
o Dealing with nuisance factors



‘ Strategy of Experimentation

m “Best-guess” experiments
o Used a lot

o More successful than you might suspect, but there are
disadvantages...

= One-factor-at-a-time (OFAT) experiments

o Sometimes associated with the “scientific” or “engineering”
method

o Devastated by interaction, also very inefficient

= Statistically designed experiments
o Based on Fisher’s factorial concept




Factorial Designs

In a factorial experiment, all
possible combinations of
factor levels are tested
The golf experiment:

Type of driver

Type of ball

Walking vs. riding

Type of beverage

Time of round

Weather

Type of golf spike

Etc, etc, etc...

o 0O 0O 0 0 o0 o0 o0

TH - —1
‘=“
L
©
4}
s
|_

B e ’ 3

| |

O R

Type of driver

Figure 1-4 A two-factor factorial exper-
iment involving type of driver and type of
ball.



Factorial Design

88, 91 92,84
TH w» "
T
o
©
s
o
>
F
88, 90 93, 91
EF— ® ]
I |
O R

Type of driver
{z) Scores from the golf experiment

4
TH TH - TF
T T =
0 L =]
I3 S 5}
ab} Q QO
[aX o [al
= = =
B ] [ B B
| | | | | |
0] R o R 0 R
Type of driver Type of driver Type of driver
{h} Comparison of scores leading {c) Comparison of scores {d) Comparison of scores
to the driver effect leading to the ball effect leading to the ball-driver

interaction effect

Figure 1-5 Scores from the golf experiment in Figure 1-4 and calculation of the factor effects.



Factorial Designs with Several Factors

Beverage

u Ball
AT ———= |

- Driver

Figure 1-6 A three-factor factorial experiment involving
type of driver, type of ball, and type of beverage.

Mode of travel

Ride

Beverage

[ Ball
|

Driver

Figure 1-7 A four-factor factorial experiment involving type of driver, type of
ball, type of beverage, and mode of travel.



Factorial Designs with Several Factors
A Fractional Factorial

Mode of travel

Eeverage

Ball
|

Driver

Figure 1-8 A four-factor fractional factorial experiment involving type of driver.,
type of ball. type of beverage, and mode of travel.




Planning, Conducting & Analyzing an
Experiment

Recognition of & statement of problem
Choice of factors, levels, and ranges
Selection of the response variable(s)
Choice of design

Conducting the experiment

Statistical analysis

Drawing conclusions, recommendations



A cause-and-effect diagram for the
etching process experiment

Measurement Materials People

Charge monitor

calibration . ;
Incorrect part Unfamiliarity with normal

: materials wear conditions
Charge monitor

wafer probe failure

Faulty hardware

readings Parts condition Improper procedures

= \Wafer Charging

Flood gun Water flow to flood gun
installation

Time parts exposed Wheel speed
to atmosphere Parts cleaning
procedure Gas flow
Humid/Temp Flood gun rebuild P

procedure

Environment Methods Machines




A cause-and-effect diagram for the
CNC machine experiment

Uncontrollable Controllable design
factors factors

x-axis shift
Spindle differences \ y-axis shift

) z-axis shift
Ambient temp Spindle speed

Titanium properties \ Fixture height

Feed rate Blade profile,

= surface finish,
defects
Viscosity of
Operators cutting fluid
ol i Temp of cutting

fluid

Noisance (blocking) Held-constant
factors factors




Planning, Conducting & Analyzing an
Experiment

Get statistical thinking involved early

Your non-statistical knowledge is crucial to
success

Pre-experimental planning (steps 1-3) vital

Think and experiment sequentially (use the KISS
principle)

See Coleman & Montgomery (1993)
Technometrics paper + supplemental text material



Planning an Experiment-Example 1

Bare Fiber

- 3

Buffered Fiber ﬁ Buffered Fiber

Heat Source

Fused Tapered Coupler




Planning an Experiment-Example 1

MOLDED STRAIN RELIEF EPOXY SUPPORT FOR FIBERS
AND MOISTURE SEAL
(SILICONE)

%

——

STAINLESS STEEL TUBING J QUARTZ SUBSTRATE

FUSED FIBER REGION

TYPICAL CASE DIMENSIONS: 75mm X 4mm




Planning an Experiment-Example 1

Interaction Length

Coupling
Ratio

100

[ 1310nm | | 1550nm |

50 e

WDM

Splitter Interaction Length




Planning an Experiment-Example 1

PROBLEM ENCOUNTERED
(a) Variation in the machine
1. Operator can't place the fiber at same location in the machine.
2. Inaccurate, unstable and discontinue factor exit in machine.
(b) Influence of environment
1. Unstable fusion caused by variation of environment temperature, humidity, and
surrounding airflow.
(c) Diversification in the product
1. Standard, WBC and Taper product come from different coupling ratios
2. Different parameter will influence optical performance.
(d) Mass production
1. Each machine shall be stable enough to copy the optimal parameter.
2. Mass production won'’t be effective without an optimal parameter.
(e) Human-limitation
1. Human has limitation in shooting the multivariate optimal ability.

2. Human ability in optimal shooting cycle time is not so fast as the new product
introduction schedule.



Planning an Experiment-Example 1

Responses of Interest

o EL (dB)--Excess Loss (Smaller-the-better)
0 CR (%)--Coupling Ratio (Nominal-the-best)
o IL (dB)--Insertion Loss (Smaller-the-better)
o RL (dB)--Return Loss (Smaller-the-better)
o D (dB)--Directivity (Larger-the-better)

U

U (dB)--Uniformity (Smaller-the-better) (Only for
50% CR)

o PDL (dB)--Polarization Dependent Loss (Smaller-
the-better)



Planning an Experiment-Example 1

Critical Process Parameters

o DS, Drawing Speed

o PRL, Pre-Drawing Length

HMF, Hydrogen (H2) Mass Flow
TH, Torch Height

PHT, Pre-Heating Time

HP, Hydrogen (H2) Pressure



Planning an Experiment-Example 2

Pressure

Stamper

Molten plastic
(Polycarbonate)

Water channel

Cavity ——»

Water Water

Molded polycarbonate
(Disc) \

Molding

Duplicating




Planning an Experiment-Example 2

Responses of Interest
Tangential deviation (TD) ()
Runout (RO) (1 m)
Birefringence at 23mm (BR-23) (nm)
Birefringence at 57mm (BR-57) (nm)
Axial acceleration (AA) (m/s2)
Groove depth (GD) (nm)
Thickness (TH) (mm)

C 0o 0o O O 0 O



‘ Planning an Experiment-Example 2

FRFIE] (A= B2 7]
E5 2 HES 0.5~0. Tsec
cooling tim
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Planning an Experiment-Example 2

Critical Process Parameters
o mold temperature (MT)

2 Injection speed (IS)

o filling velocity (FV)

o cooling time (CT)

0 delay time (DT)

o clamping time (CL)

o filling amount (FA)

o hold pressure (HP)

o clamping force (CF)



Planning an Experiment-Example 3

Metalized Father Father
maser shell Back stamper

Electroforming sandlng
‘ Punching

Passivation l Electroforming

Rectifier \
||

Electrolyte

Cathode shaft

Mother
Anode shell

Passivation l Electroforming

Mounting plate— "

sheII Back

‘ sandlng
Punching




Planning an Experiment-Example 3




Planning an Experiment-Example 3

Responses of Interest
o Total thickness variation (TTV) ()
o Backside roughness (BR) ()
o Hardness (HN) (HV)



Planning an Experiment-Example 3

Critical Process Parameters
Specific gravity (SG) ()
pH (PH)
Temperature (TP) ()
Current (CR) (Amp)
Flow rate (FR) (Liter/Min)

o o o 0O O



Planning an Experiment-Example 4
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Planning an Experiment-Example 4
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Portland Cement Formulation

Table 2-1 Tension Bond Strength Data
for the Portland Cement
Formulation Experiment

Modified Unmaodified

Mortar Mortar
J Yij Y2,
| 1 6.85 17.50
2 1 6.40 17.63
3 17.21 18.25
4 16.35 1 8.00
5 16.52 | 7.86
6 17.04 17.75
7 1 6.96 18.22
] 17.15 17.90
9 16.59 1 7.96

1O 1657 1515




Graphical View of the Data

Dot Diagram

Modified o @ ® o ® o ® Py
Unmodified | | e | e | e | oo b @ | o eole]
16.38 16.52 16.66 16.80 16.94 17.08 17.22 17.36
)FStrength (kgf/cm?)
yq,=16.76 ¥y =17.04

Figure 2-1 Dot diagram for the tension bond strength data in Table 2-1.



Box Plots

17.50

1725

cm?)

17.00 —

16.75—

Strength (kgf

16.50 —

|
Maodified Unmaodified

Maortar formulation
Figure 2-3

Box plots for the portland cement tension bond strength
experiment.




Discrete and continuous probability distributions

ply;)

Ply =) = ply;)

Y1

Y2

¥3

Y4

Ys

yg

h i |

Yo Y11 Y3

Yg Yo XYz

{a) A discrete distribution

Y1a

flv)

Pla< y<bh)

N

a b
(b} A continuous distribution




Normal distribution




t distributions

k = o= (normal)




Chi-square distributions
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The Hypothesis Testing Framework

Statistical hypothesis testing Is a useful
framework for many experimental situations

Origins of the methodology date from the
early 1900s

We will use a procedure known as the two-
sample t-test



The Hypothesis Testing Framework

N, 0,%) Ny, 6?)
0’1 02
] | —
R, H
Sample 12541, ¥yp0ms ¥, Sample 2:y,., ¥9rewr Y,
Factor level 1 Factor level 2

Figure 2-9 The sampling situation for the two-sample #-test.

ot = 1
1, L # 4,




Estimation of Parameters

>

_ 1 . .
y =— )y, estimates the population mean
N5

(y. — ¥)* estimates the variance o

-

5% =

=

n_

1=1



Summary Statistics

Formulation 1 Formulation 2
“New recipe” “Original recipe”
y, =16.76 y, =17.04

S7 =0.100 S =0.061

S, =0.316 S, =0.248

n, =10 n, =10



How the Two-Sample t-Test Works

Use the sample means to draw inferences about the population means
Y, —-Y,=16.76-17.04 = -0.28

Difference in sample means
Standard deviation of the difference in sample means

2 O
O-)_/:—
N

This suggests a statistic:




How the Two-Sample t-Test Works

Use S” and S to estimate o; and o
71 . 72

S S’
1y 2
n, N

However, we have the case where o} = o> = 5°
Pool the individual sample variances:

_ (nl _1)812 ™ (nz _1)822

- n,+n,—2

The previous ratio becomes

SZ

p



How the Two-Sample t-Test Works

The test statistic 1s
to — Vl o 72

Values of t, that are near zero are consistent with the null
hypothesis

Values of t,that are very different from zero are
consistent with the alternative hypothesis

tyis a “distance” measure-how far apart the averages are
expressed in standard deviation units

Notice the interpretation of t;as a signal-to-noise ratio



The Two-Sample (Pooled) {-Test

=0.081

o2 _ (L =17 +(n,~1)S; _9(0.100) +9(0.061)
P n+n,—2 10+10-2
S, =0.284

- i-Y. 16.76-17.04 _ 990

S, i+i 0.284‘/i+i
n n, 10 10

The two sample means are a little over two standard deviations apart
Is this a "large" difference?




The Two-Sample (Pooled) {-Test

So far, we haven’t really

done any “statistics” b= '2\-20
We need an objective A L ]
basis for deciding how - ]
large the test statistict, | z™°f -
really Is °F E
In 1908, W. S. Gosset 2 1
derived the reference £ o i crtica .
distribution for t; ... ; eoen reglon i
called the t distribution L - : L L
Tables Of the t F 10 The 1 distrit I 8!(;3 1 htl I
. . . igure 2- 1e 1 distribution with 18 degrees of freedom with the critica
distribution - text, page reson +pom s = 22,101, “

606




The Two-Sample (Pooled) {-Test

A value of t
between -2.101 t, = -2.20
and 2.101 is
consistent with
equality of means

It is possible for the
means to be equal
and t, to exceed
either 2.101 or -

I:]'.4_||||\|||||||

=
(%]
| | L

FProbability density
=]
%]
I

01 Critical Critical
2.101, but it would be i region J L0 pa0r \L fegion
a “rare event” ... e IR RN S
leads to the f
conclusion that the Figure 2-10 The 1 distribution with 18 degrees of freedom with the critical

region +1; s s = =2.101.

means are different
Could also use the

P-value approach |



The Two-Sample (Pooled) {-Test

I31.4|||||||||||||||||||

= 0.3 —
2l :
§ b t,=-2.20 :
=
Z02 \ —
o B |
(45
] - ]
E | _
-0 Critical Critical —
| region region i
B g 2.101 g i
D i | | L L | . | | | | | | | | | | | | L L | | ]
_B _4 -2 0 2 4 6

tg
Figure 2-10  The 7 distribution with 18 degrees of freedom with the critical
region =iy ;s s = =2.101.

The P-value is the risk of wrongly rejecting the null
hypothesis of equal means (it measures rareness of the
event)




Minitab Two-Sample Z-Test Results

Table 2-2 Two-Sample t-Test from Minitab

Two—sample T for Modified vs Unmodified

N Mean StDev
Modified 10 16.764 0.316
Unmodified 10 17.042 0.248

Difference = mu (Modified) — mu (Unmodified)

Estimate for difference: —-0.278000

95% CI for difference: (-0.545073, -0.010927)
T-Test of difference = 0 (vs not =): T-Value

P-Value = 0.042 DF = 18
Both use Pooled StDev = 0.2843

SE Mean
0.10
0.078

= —-2.19




Checking Assumptions —
The Normal Probability Plot
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Figure 2-11 Normal probability plots of tension bond strength in the
portland cement experiment.



Operating characteristic curves for the
two-sided t-test with o = 0.05
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Importance of the f-Test

Provides an objective framework for simple
comparative experiments

Could be used to test all relevant hypotheses
In a two-level factorial design, because all of
these hypotheses involve the mean response
at one “side” of the cube versus the mean
response at the opposite “side” of the cube



Confidence Intervals

s Hypothesis testing gives an objective statement
concerning the difference in means, but it doesn’t
specify “how different” they are

m General form of a confidence interval
L<d<U whereP(L<A<U)=1-«

m The 100(1- a)% confidence interval on the
difference in two means:

Y1 =Y, _ta/2,n1+n2—28p\/(1/ n)+@/n,) <uy—p, <

71 o 72 +ta/2,nl+n2—28p\/(1/ nl) + (1/ nz)



Tests on Means of with Variance Known

Table 2-3 Tests on Means with Variance Known

Hypothesis Test Statistic Criteria for Rejection
Ho: o = o
Hy:p 7 g 2l > Zoy
Ho:pp = o ZZ?‘H»@ Zo < —7
Hyip < po " olVn )
Hy:pe = po
Hl :/_L > Mo ZG > Za
Hy:py = o
Hy:py # o 2ol > Zo s
Hyipy = o Y, — v,
Hytpy < o Zy=— — Zy < —Z,
o, 02
n Ny
Hy:py = o

Hy:ipy > o Zy > 2,




Tests on Means of Normal Distributions,
Variance Unknown

Table 2-4 Tests on Means of Normal Distributions, Variance Unknown

Hypothesis

Test Statistic

Criteria for Rejection

H,

H,
H,

R Mo
TMF
) )
TS M
TR o
TR g

B L Ry 5
Ty F

B Ry 5
I o)

N M = Mo

U

7= Y= Mo
(S
SV n
ifo? =2
TJ - _'2
Iy =

s s2
T,

(S3/n,)? 2 (83/n,)*

n — 1 ny,— 1

|"'U| > "'n'.-"lu'—i

"n =~ _"'nr.u—l

Ir(_I = "a.n—l

Itol = 2o 00

"'(J < _"'nr,rr

'fl'l = "(Lr-‘




Data for the Hardness Testing Experiment

Table 2-5 Data for the Hardness

Testing Experiment

Specimen Tip 1 Tip 2
1 7 6
2 3 3
3 3 5
4 4 3
5 8 8
6 3 2
7 2 4
8 9 9
9 5 4

10 4 5




The reference distribution (¢ with 9 degrees of
freedom) for the hardness testing problem
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Minitab Paired I-Test Results for the
Hardness Testing Example

Table 2-6 Minitab Paired t-Test Results for the Hardness Testing Example

Paired T for Tip 1 - Tip 2

N Mean StDev SE Mean
Tip 1 10 4.800 2.394 0.757
Tip 2 10 4.900 2.234 0.706
Difference 10 —-0.100 1.197 0.379

957 CI for mean difference: (-0.956, 0.756)
t-Test of mean difference = 0 (vs not = 0):
T-Value= —0.26 P-Value = 0.798




Tests on Variances of Normal
Distributions

Table 2-7 Tests on Variances of Normal Distributions

Hypothesis Test Statistic Criteria for Rejection
cor2 2 2 2
Hy:0” = 0§ X0 = Xa/2n—1 0T
2 2 2 2
H :0° # o} X0 < X1-a2n-1
2
H0:0'2=0'% ,  (m—=1S§ 2 2
) 2 Xo =" 5 X0 > Xl1-an—1
H:0- <0y o
cor2 2
Hy:0° = oy 2 2
2 2 X0~ Xan—1
HIZO' = Oy
2
Hy:01 = 03 Fo— 51 Fo = Fapp—1,-1 0T
07 @2
H,:0% # o3 S
b= 2 i Fo <F\_ann—1m-1
H,:07 = 05 53
HO é < g Fo = ? Foy> Fa.nz—l,n]—l
-0 = 03 1
2
H,:07 = 05 _ 5

—— H,:01> 0> S3




Exercise 1

The breaking strength of a fiber is required to be at least 150 psi Past
experience has indicated that the standard deviation of breaking strength 1s =73
psi. A random sample of four specimens 1s tested. The results are y =145,
y.=153, y,=150 and y,=147.

(a) State the hypotheses that you think should be tested in this experiment.

(b) Test these hypotheses using &= 0.05. What are your conclusions?

(¢} Find the P-value for the test in part (b).

(d) Construct a 95 percent confidence interval on the mean breaking strength.



Exercise 2

Two machines are used for filling plastic bottles with a net volume of 16.0
ounces. The filling processes can be assumed to be normal, with standard
deviation of &; = 0.015 and &, = 0.018. The quality engmmeering department
suspects that both machines fill to the same net volume, whether or not this
volume iz 16.0 ounces. An experiment is performed by taking a random sample

from the output of each machine.

Machine 1 Machine 2
16.03 16.01 16.02 16.03
16.04 15.96 15.97 16.04
16.05 15.98 15.96 16.02
16.05 16.02 16.01 16.01
16.02 1599 15.99 16.00

(a) State the hypotheses that should be tested in this experiment.
(b) Test these hypotheses using #=0.05. What are your conclusiong?

(¢} What is the P-value for the test? P=0.1770

(d) Find a 95 percent confidence interval on the difference in the mean fill

volume for the two machines.



Exercise 3

A new filtering device is installed in a chemical unit. Before its mstallation, a
random sample yielded the following information about the percentage of

impurity: ¥, = 12.5, Sl2 =101.17, and n = 8. After installation, a random
sample yielded ¥ ,=10.2, SEE =94.73,n =09.

(a) Can you concluded that the two variances are equal? Use o= 0.03.
(b) Has the filtering device reduced the percentage of impurity significantly?



Exercise 4

The diameter of a ball bearing was measured by 12 inspectors, each using two
different kinds of calipers. The results were:

Inspector  Caliper 1  Caliper 2

1 0.265 0.264
2 0.265 0.265
3 0.266 0.264
4 0.267 0.266
3 0.267 0.267
6 0.265 0.268
7 0.267 0.264
8 0.267 0.265
9 0.265 0.265
10 0.268 0.267
11 0.268 0.268
12 0.265 0.269

{a) Isthere asignificant difference between the means of the population of
measurements represented by the two samples? Use = 0.05,

{b) Find the P-value for the test in part {a). 7=0.674

{c}) Construct a 95 percent confidence interval on the difference in the mean
diameter measurements for the two types of calipers.
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. Bl °. SpreadSheetl (DAERICLI\FF1YFF2 TXT) B=E
HrwEy I o e e o EF cuve[mSpectun <]+ M- [EWssasset [0 ~[B 7 U E==E - @a- |
Curzor |1 ||i2 Eetween Difference Integral | [MaxCounts [Counts] 26435 - _
nm__|wes3  7es0z  ||MA 56643 m | 1209 : 5t [ 377763 LeE & +a@
% |3.067E-00 1.653E-00] (W 2 0141% 14883 |fcdetenTme(ms]
1 veraulnclz Drata: |Spectral&nalysis'l_Stack_Ehrnmaticit_l.J_:-: j| @E [#]
| . D23
x| i B | € [ D | E [ T A T
- =0
< 03 1_[NO. X y wd % |1 _Joesee7zs
Setup oo 2 0.2666725 0.2395292 467.47747 1.454503 ) 0.7ER32
80 o Source B ol I 0.26632 0.2376187 4RR.A3718 1.48272 3 |02684708
(¥ Current 0.02 & - ' & 4 0.2684708|0.2419465 467 42538 1.414828 4 0.2E50ES
. b T Between cursors 5 0.265065 0.2358347 466.84127  1.4852 5 | 0267059
Valtage protection: [V 3 Observer: CIE19312 | B 0.267059 0.2366726 466.93438 1504232 B |0.5675369
CWokage  [BV - Integrals: [376.6.785] | 7 0.2675383 0.241142 467657 1.471746 7 | 0265993
— 50 1 N F‘ag'gggg*mgj ] 0.265993 0.2387176 467.54192 1.545161 8 |02637525
# Curertprotection.  [18__ 3 L e 3 0.2632525 (.2323664 46644692 1.406427 9 |0.2640551
= i
z Flowy time: Oms 2 1.4663 cd 10 0.2640551 0.2354512 46730775 1.417271
5 . Colormetrics 11 0.2673406 0.2389253 466.76322 1.42217
= 40 - Trigger u'y'=(0.1395 04034 12 0.2693125 0.2422742 467.02771 1.470217
" Source O ayz=0.2663.02394: 0| 13 0.2642536 0.2349277 46695959 1436487 A\,
(" Deley Hluminant reference: | 14 0.265696 0.2376526 467.25627 1.41115
{" Measure On/Off Hminant E(0.399°0. 1 15 0.2637764 0.2354866 467.49178 1.422308
Result Dominart o487 £2 v |16 0.2683332 0.2409007 467.03656 1.535134
20 4 Read? | fiwalid) (finvalid) Centroid <615 20 v [ 17 0.2675222 0.23860GR 466.47396 1.540315
Az =ezaiom | 18 0.2668639 0.2411894 468.03977 1.483515
Jv On Top oo T 0.2677226 0.2309893 466.47691 1526639
delta Flanck =1.74E-00 |20 0.76G0972 0.2383644 46732007 1.477359
ok | Comeol | Heb | M\Spectal data {17~ |21 0.2653086 02393549 467 62575 1 466266 4 \
0 22
400 500 600 700 = | _|"
Wavelenoth [ nm ] 1 T 4
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$ 3 »% I Hl%be\(lﬂtuwell%ectrum j|+ -'|EMSSan35eri[ j”m ﬂ| P 7 U E=E=5 T @ |
Cursor |l 1 = Between  [Ditference Integral | |{MaxCounts [Counts] 27479 - ]
rm_ 37653 78502 |(M1 5 6728 m |12n9e ; Stek [l v D d & & B @
- 1 ] = ntegration Time [mz] 25
4 3.343E-0001.730E-00] | 2 0161 % 15138 VEraging 1 Data |S|:ueu:tra|.-'-‘malysi31 Stack_Chromaticity_s j| @ EI I
1 z ZIE1SE 2 . - - -
T - &40 ~|
ﬂﬁg'gg ~ A | B [ ¢ [ o [ E <\ 71T & T
= ou 27 0.2707855 0.2495276 469.51039 1.546470 1 |0.2691968
Setup Eﬁ 28 0.2693067 0.2467421 469.04983 1.562738 2 02703501
B0 - S purce et | 29 0.2712299 0.2497533  469.2242 1557406 3 |0.2682027
& Current 0024 - m [ 30 0.2705975 0.2473365 466.53264 1.652342 A4 |0.°697939
) : [ Bebween cursors I 02717748 0.2621477|469.94818 1.569397 5 |0.7690216
Woltage piotection: (5 v Observer: CIE1931 2 | 32 0.?6A6466 0.2445105 466.46686 1.566199 B |07ER3I063
 Veltage Ev - Integrals: [3766.785] | 33 0.2657163 0.2456855 468.93996 152404 |7 |0.2657536
— B0 , . Radiant intensity= 34 0.2718045 0.2628445 47022164 1563614 8 02714597
C t orotection: na BB728 miw /s
# R el |:' Luminous mntansity= 35 0.2697634 0.245475 468.21744 1555497 9 |0 2697768
z Flows time: oms 3 15138 ed 36 0.269775 0.2461974 46852756 1.561621
5 . Colormetric: 37 0.2724105 0.2494945 46838166 1.534007
E a0 4 Trigger uv'=0.1954 04103 38 0.267789 0.2453657 468.3227 1.581077
& Source wpz =0.2636 0.2477 : 0.| 39 0.271981 0.250256 469.00564 1.527187 \,
¢ Delay IMuminant reference: [ 40 | 0271267 025108 468.77442 1573415
£ Measure On/Off Hminant E[0.333305 1 41 0.2677138 0.2426767 466.23077 1.46517
Resul Dermirant =465.31 rr |42 0.2705279 0.2510886 47018649 1.571318
20 - Fead? finvalidl  [irealid] Eent_n:uid=51?.81 nr| 43 0.2695068 0.2464021 |468.7/81241.518181
S ont EM'\‘SL',E,E::%E'S?”F" 44 0.2714741 0.2497001 469.06115 153915
G i e ot 45 0.2704656 0.2489066  469.3009 1.547516
CCT=18599 K, : : - :
ITI Canel | Hel ‘ delta Planck =1.50E-00 |46 0.2666266 0.2404779 46793517 1.538241
anee = Spectral data 47 0.26495534 0.2476959 469.30693 1.513831 1 4 \
0 48
400 500 500 700 = JL‘
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1, PR AT BA T, BB Sl K R
2. FXER SHE TIFS, EFS B P FAT
F]+ i [F]
Power (it £ mw) 60-80-100
Time( P& ms) 15-20-25
Force (& # ¢f) 60-80-100
Temperature (GE & °C) 100-125-150
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3¢ H353 [AL ARRRE HlE

Factor:

A:Power(ﬁuﬁl) 2.B:time (E[J‘ 1) 3.C:Force (EX]Y) 4.D:Temp(JEHE)
Response :

157712471 378 & £l

D@ || 87w

1 Motes for DOE-1 farm.dx? . Factor1 | Factor 2 | Factor 3 Factor 4 Response 1 | Response 2 | Response 3
En Design (Actual) ﬁ Std | Run | APowwer B: Time: C:Force | CnTemperature wire pull Ball zshear Gald Yolume
Summary
- | Graph Columns 3 1 1 1 1 1616 52 £ 55
29 Evaluation 2 1 2 2 2 1614 7768 BB
Analysiz =] 1 3 3 3 1615 41.549 g4
i wire pul 7 2 1 2 3 1616 87.29 75
- |1 Ball shear (Analyze: & 2 2 3 1 1611 a1 26 71
- 4] Gold Volume (Analy 1 2 3 1 2 16.35 B1.79 57
Sl 4 3 1 3 2 1631 9915 75
Humerical 5 3 2 1 3 16.41 53 64 59
Graphical
b i g 3 3 2 1 16.41 9247 72




% 45 wire pull

Design-Expert?Software One Factor One Factor One Factor
Transfarmed Scale 1051 —|
Sqrt(wire pull) 4051 — 4051 —
® Design Points P
X1= A Power e i
apa2 — . 4.042 —
Actual Factors .
B: Time = 1 = = =
C: Force =1 3 2 g
D: Temperature = 1 ® P o " . .5 4028 |
z z £
= €
. =3 g
d o » m..
e sina ) e 4023 | e 4016 |
- | 5 [ NN -
om Pr— .
T o :
Lo o
am3 4013 — 4005 —|
I I I I I
1‘ zl 3‘ ! 2 E) 1 2
A: Power B: Time C: Force
One Factor
4051 —
4042 —
s
Qo
o
= 4032
=3
€
ja
(%]
B i
4023 h
‘‘‘‘ -
-
4013 —
I I I
1 2 3

D: Temperature



% 17 Ball shear

Design-Expert?Software One Factor One Factor One Factor
Ball shear | 10— "
# Design Points
X1=A: Power
88— s — 88 —
Actual Factors
B: Time =1
C:Force =1 § § ©
- = 2 :
D: Temperature = 1 5 5 < — 5 76— ,"
& 8 8
] e .
|

I ] ) & | 64—

e o -

e o

[Fe=s

Torm [ | 5| 2 & — e ) T 5| @

T T T
1 2 1 2 3 1‘ 2‘)
A: Power B: Time C: Force

One Factor
100 —
88 —
5
L]
G % —|
&
B4 —
52 g i .
I
1 2 3

D: Temperature



Gold Volume

Gold Volume

/\ 4 A
»
79 ] %( < L-’
—
One Factor
615 | l
m
T T
A: Power
One Factor
a
m-
.-
T

D: Temperature

Gold Volume

)
One Factor
75—
695 —
64—
585
m.
R
53 —
! I
! 2
B: Time

Gold Volume

One Factor
75 —
I
706 — )
66 —|
Bl1A —
;v-”
a7 —
T
! 2
C: Force
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(1 Motes for DOE-1 form.dx? + Factor 1 Factor 2 | Factor 3 Factor 4 Response 1 | Response 2 | Response 3
E—I Design {Actual) % Std | Run | APower B:Time C:Farce | D:Temperature wvire pull Ball zhear Gald Yolume
i)
- B Sumimary
L] raph Calumns 3 1 1 1 1 16.16 52 689 53
N e 2 1 2 2 2 16.14 77 68 BE
- B Analysis a 1 3 3 3 16.15 51 59 Eg
_L-l wire pull 7 2 ] 2 3 1616 G720 Fi=
_L-l Ball shear (Analyze G 2 2 ] 1 16.11 9126 71
- §7] Gold Volume t4naly 1 2 3 1 2 16.35 £1.79 57
- ad Optimization 4 3 1 3 2 16.31 9915 75
L sl
1] humeric 5 3 2 1 3 16.41 53 64 59
ﬁ Graphical
= 5] 3 3 2 1 16.41 924y T2
- % Point Prediction

~.T
V

2 YRR PR |V LR s R R
*}¥|Range: P:80-100 ,T:15-20,F:80-100,T:125- 150
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" KBRFEEF-2FH : CONTROLLABLE

Ww Tz

B rE

B 52 F 65 R
e B Tk R o

BhHE B 1]
T RIBRAEREN Btk B B
T REBEREN 7

N > SR P K
IR R AR B A2
< RIBHE (

an g

=-BFxE

RARBRAMART > BRIBS AR RARER2Z ¢
B Bt pe; ElFESMEA T - 4462 85 H 4o

TRATT - fd v R

TRk RATHEREF

HERAREAZHBERE -

TS B F # m
A OBbEE B 135C - 140TC
B gk ef Ry 110min -120min
C: R4 Rinn 12-17 kg/cm




FIR Ty ik + RIRR AN &G T ok

| st

w9~ RRAE R EEH

HHRATHRRRAZ : RAEKNBHR TR ?
2° 3o B FRB k¥ » Factorke T :
1.A:temp(i& &)
2 .B:time (5§ F4)
3 .C:pressure (3R 444 %32/ )

Response 1: R #4893 H




L

Std | Run @ Rem‘- g Std Ru\‘ [EB:.dt:-ej ‘ C:pressure Rssf'::::e"
1| = 135.00 110.00 12.00 whllLl B © 135.00 120.00 1200 |
2| 135.00 110.00 12,00 az)| ] 2¢ 4 135.00 12000 12.00 16
3 14 135,00 11000 12.00 1ws/| | 25 2 140.00 1zom 185
s ar 135.00 110.00 12,00 go1l.1 . o 140.00 120.00 12.00 23
5 60 135.00 110.00 12.00 13%__ z| 0 140.00 12000 12,00 225
s S 13500 110.00 12,00 2ni| | = 5 140.00 120.00 1200 195
7| % 135.00 110.00 1200 20{| | 28 32 140.00 120.00 12100 22‘
W 4 13500 110.00 | 12,00 14s5(| | 30 4 140.00 120,00 1200 245

t s 19__ 14000 11000 12.00 zsi| | »n 1 140.00 12000 12100 m}‘
10 20 140,00 110.00 12,00 23 32 46 14000 12000 1200 2|
1 18 14000 11000 1200 2| : 33 10 135m 11000 17.00 zu_}
2 4 140.00 i-wm‘_ 1200 18 | | 3 38 135.00 110.00 17.00 zul|
13 48 140.00 110.00 12.00 24|] | 35 30 135.00 11000 1700 17.5\
14, 16 140.00 110.00 12,00 as|| | 38 64 135.00 110.00 17.00 19]
15 140,00 110.00 12.00 24 . 135.00 110,00 1700 2|
18| 25 140.00 110.00 12,00 24l | = s 135.00 110,00 17.00 13‘
7w, 8 135.00 120.00 12,00 15! : 1 2 135.00 11000 17.00 20
18| 45 13500 12000 12,00 19%_ 40 23 135.00 110,00 17.00 15‘
19 38 135.00 120,00 12,00 1 | “l # 140,00 110.00 17.00 19
x 3 13s00 12000 1200 1sl: P 140.00 110,00 17.00 1a1,
2| S 135.00 120,00 12.00 205;__ 430 9 14uoo 110_.nu'7 17.00 175
»| = 135.00 120.00 12.00 23| 7 140.00 110,00 17.00 24\ /

g ~ RIEAE B R

o] | [l | T
i Std | Run Atemp Bitime C.pressure force
] 45 14000 11000 17.00 2
| & 17 14000 11000 17.00 245
| | & B 14000 11000 17.00 24
| | & % 00N 11000 17.00 2
[ | @ » sl 1w 7m0l T
BRI . 2
LY & B 135.00 12000 17.00 21
S ) 13500 | 12000 17.00 2
"R W 135.00 120.00 17.00 22
| | 50 S 13500 12000 17.00 175
| | 5 n 135.00 120.00 17.00 20
| | & = 135.00 120,00 17.00 18
| | & = 140.00 12000  17.00 185
foy S 3 140.00 120.00 17.00 21
| | & 140.00 120.00 17.00 22
L] & 62 140.00 120.00 17.00 24
| | @ » 140.00 120,00 17.00 16
| | 82 63 140.00 120.00 17.00 24
Lt & 56 140.00 120.00 17.00 2

64 40 140.00 120.00 17.00 24 J




B PATRIRTRER

Factor 1 Factor2 | Factor3 [ Response 1 Factor1 | Factor2 | Fector3 |Response1
’ Std | Run Actemp B:time C:pressure force g Std | Run Atemp Brtime C.pressure force
is ey 135.00 110.00 12.00 17sll| | 8 e 135.00 120.00 12.00 20|
2. .w 135.00 11000, 1200 17|l 24 s¢ 13500 120,00 12.00 16
8. 135.00 110.00 12.00 sl | = 2 140.00 120.00 185
s 13500 11000 12,00 | 2ol | > ss 140,00 120.00 1200 23
s 60 135.00 110.00 12.00 | 1| 27 0 140.00 120.00 12.00 225
6 53 135.00 110.00 12.00 24 | 2 s 140.00 120.00 12.00 185
7 135.00 110.00 12.00 20| | 2 32 14000 12000 1200 2
8 13 13500 11000 1200  1asif| | 3 4 14000 120.00 1200 245
9 19 14000 11000 12,00 2sfl| | an 12 140.00 120.00 12.00 20
10 14000 11000 1200 2l | 3 4 1s000 12000 12.00 21
1 18 140.00 110.00 12.00 24/l | 3 10 13500 110.00 17.00 20
0 - 140.00 11000 12.00 sl | 3 38 135.00 110.00 17.00 20
13 140.00 11000 12.00 24| | 3 30 13500 11000 17.00 175
14 18 140.00 110.00 12.00 sif] | 3 e 135.00 110.00 17.00 19
| s 140.00 110.00 12.00 24l | w a 13500 110.00 17.00 22
L | 1 2 140.00 110.00 12.00 24| | 38 15 1300 11000 1700 18
N 17, e 135.00 120.00 12.00 16| | 3@ 24 135.00 110.00 17.00 20
| | 18 s 135.00 12000 1200 19| | 4 23 135.00 110.00 17.00 16
Bl 19 3= 13500 12000 12.00 nijf| | & s 140.00 110.00 17.00 18
[ | 20 34 135.00 120.00 12.00 sl ] a2 140.00 110.00 17.00 18
B se 135.00 120.00 12.00 2sif| | 4 o 140.00 110.00 17.00 175
N 2 = 135.00 120.00 12.00 23 4 140,00 110.00 17.00 24
B~ PATRIRA T RER
N
Factor 1 Factor 2 Factor 3 | Response 1
g Std | Run Atemp Brtime C:pressure force
| | = 140.00 110.00 17.00 2
A8 A7 14000)  110.00 17.00 245
RO - 14000 11000 17.00 ]
e L TN L YR e T A
% B =00, 1200 0 0170 200017
| | s0 4 13s00] 12000 1700 2
L.l = B 13500 120.00 17.00 21
I m » 135.00 120.00 17.00 21
issge 63 6 135.00 120.00 17.00 22
| | » = 135.00 120.00 17.00 175
| | s 1 13500 120.00 17.00 20
| | » @ 135.00 120.00 17.00 16
| ] ® » 140.00 120.00 17.00 185
Eis ag 14000 12000 17.00 21
| » = 140.00 120.00 17.00| 2
B9 8 140.00 120.00 17.00 24
B 140.00 120.00 17.00 16
| | o2 e 140.00 120.00 17.00 24
| | 83 s 140.00 120.00 17.00 21
64 40 140.00 120.00 17.00 24




xS G W

A k2 6448 1N o
P-value: RASERBERT

sponse 1 force

AHOVA for selected factorial meodel

lvsis of variance table [Partial sum of squares - Type lll]

Sum of Mean F p-value

purce Squares df Square Value Prob >F

Model 181.80 £ 2597 2.1 0.0077 significant

A-temp 153.14 1 153.14 1833 <0.0007>
B-time 0.063 1 0.063 7.480E-003 0.9314
C-pressure 2.00 ? 9.00 1.08 0.3038
AB 1.00 ? 1.00 0.12 0.7307
AC 18.06 ? 18.06 2.18 0.1471
BC 0.39 1 0.39 0.047 0.8296

- ABC 0.14 1 0.14 0.017 0.8972

Pure Error 467.94 56 8.36

Cor Total 64973 63

AR S AT }

Lower Upper Lower Upper
lame Goal Limnit Limit Weiglnt Weigiht  Importance
temp is In range. 135 140 1 1 3
tirne is In range 110 120 1 1 3
|pressure is In range 12 17 : | 1 3
torce e ine 24 & 1 a
i temp time pressure force Desirability
* s 218125
| 140.00 110.00 12.00 0.808
| 2 14000 11038 1200 21 7969 0.807
i 3 139.99 110.00 1204 217981 0.807
| a 14000 11048 1200 217925 0807
| 5 13997 11000 1200 21 7897 0808
1 8 14000 11085 1200 21 7707 0.805
| 7 13993 110.00 1200 217537 0.804
8 140,00 11186 12.00 N7 0803
El 14000 11208 1200 217225 0.802
10 140.00 1M221 1200 217156 o8
1500 14000 1000 12000
temp = 14000 time = 11000
12m 1700 08 A45
pressure = 1200 foree =21 8125
Desirability = 0.808

e
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Copper wire process DOE

1 F %P kA R
» 2. B g R
4, Rl

« 5. SN < &+
¢ 6. Bedp chsit A 45




« T o P e
- Z P Copper wire 45 M F 14 ¥k

« FEEH B -

- Copper wire process:z 2 pF, d
SHCA B E 1Y FEA PR R




2, ’? e l'-l— f;"-
- 1.3k % ASM EAGLE
WIRE: TANAKA 1.0 COPPER WIRE
L/F:V195-A3

Dice:EL-B0907X-XI

Forming gas: N2 0.5 (1/min)




B2 —\ Sampd

! Forming gas !

flow control
K2

N

B

2HETE (Power

LForce ,Time,Temp)

8 3% <
N B35
P iTEFE
Cu wire size & Bonding
2. —
WA R Function
L/F %2R Plasma Clear T REHE
— Capillary3| 5 Forming

gas

(N2+H2) -




3. F1% kT ot F

]+ 7

] 2 3
POWER 30 890 90
FORCE 70 30 90
TIME 20 20 30
TEMP 150 169 180




4. RIFRAEM K 3

= Factor 1 Factor 2 Factar 3 Factor 4 Rezponze 1
%‘ =td | Run Block A povver B:force C:time Ditemperature| F1
0
| 3 Black 1 1 1 1 1

2 3 Block 1 1 2 2 2

3 4 Block 1 1 3 3 3

4 a Block 1 2 1 2 3

5 7 Block 1 2 2 3 1

& 2 Block 1 2 3 1 2

7 5 Block 1 3 1 3 2

g g Block 1 3 2 1 3

=] 1 Block 1 3 3 2 1

4%+  Jk
% *1.9(374) Responses: 10




0. 5/NF =~ &1L

WIRE PULL>8g
BALL SHEAR > 509

=]
2

S/N = —10log =L




6. B iﬁ%\ .f./lu ‘—_v /47\ %fr
(BALL SHEAR)

POWER | FORCE | TIME | TEMP. R1 R2 R3 R4 RS R6 R7 R8 R9 R10 SN

80 70 20 150 44.1 37.5 45.3 28.5 37.8 41.1 35.2 44.2 49.5 44.1 | 31.88635
80 80 25 165 41.2 36.8 41.8 31.2 45.2 28.5 37.8 46.8 37.8 42.8 | 31.51812
80 90 30 180 35.7 52.2 45.2 33.4 422 32.7 45.2 42.7 42.6 41.1 | 32.06546
85 70 25 180 05.3 66.3 50.1 68.2 60.2 36.6 40.6 55.6 68.2 48.6 | 34.35762
85 80 30 150 50.2 45.2 68.3 70.2 64.3 42.6 55.9 76.2 05.2 62.2 | 35.11106
85 90 20 165 48.6 55.6 30.1 64.8 47.6 49.6 52.2 70.4 47.7 66.6 | 33.79833
90 70 30 165 54.2 72.3 06.4 64.4 67.7 59.7 76.4 72.2 06.7 72.3 | 36.42516
90 80 20 180 96.96 | 85.7 90.2 88.4 80.3 86.2 82.1 78.9 84.9 82.9 | 38.61284
90 90 25 150 80.3 49.2 05.3 68.3 78.3 74.4 80.2 72.3 06.7 71.2 | 36.7169

ball shear (>500)




6. B iﬁ%\ .:fu ‘—_v /47\ %fr

(BALL SHEAR)
POWER | FORCE | TIME | TEMP. R1 R2 R3 R4 RS R6 R7 R8 R9 R10 SN
80 70 20 150 16.4 14.6 5.6 15.4 18.4 17.4 16.8 18.6 14.6 17.2 | 21.8525
80 80 25 165 10.6 12.3 4.4 12.8 8.6 9.8 10.6 13.2 10.5 12.4 | 18.94788
80 90 30 180 4.7 4.6 7.2 6.2 6.8 5.4 4.1 5 2.8 34 | 12.94737
85 70 25 180 7.4 3.8 3.2 4.4 4.5 2.8 6.2 6.1 4.3 3.5 | 12.20143
85 80 30 150 14.2 16.6 14.5 8.6 15.4 16.8 15.7 16.4 16.9 15.7 | 23.01393
85 90 20 165 15.6 17.3 16.8 16.5 16.2 17.7 16.8 17.4 18.3 16.7 | 24.54859
90 70 30 165 12.2 5.3 13.5 14.6 12.2 7.4 12.6 15.4 12.4 13.6 | 20.00424
90 80 20 180 13.2 6.1 11.6 8.6 12.5 7.2 7.6 10.2 11.8 9.8 [ 19.07367
90 90 25 150 4.3 2.7 3.8 6.1 7.4 2.2 4.5 32 4.5 4.6 | 11.21514

wire pull(>89)




6. 1% & % % BALL SHEAR

BALL SHEARiP|Z#
% ¥ F1+ % :POWER / TIME/ TEMP

v

* & ¥ F1+ & :Force

| | 4

(IR le= 1o right click on individual cells for definttions. =

| Response 1 R1
AHOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type ]

| Sum of Mean F p-ualue

| Source Squares f Square Value Prob = F

| hockel 44 23 2 x2 M 34.50 0.0005 significant
A-power 44.23 2 221 34.50 Q.0005

| Reszicual 383 G 0.64

|Cor Tatal 45.07 g

The Model F-walue of 24 50 implies the model iz significart. There iz only

= N NS ~khanea that 2 "hdmcdal F Wala! this laroa cooldd aecor cdoa ta mnica




6. 25

Wire pul lp]:#

A 1IN

& B ¥ 715

s % WIRE PULL

7 ?‘i%}i%’?‘]—? % :Power / Time / Force / Temp

P-value'’s = *0. 05

Uz your mousze

Response

_|Source

_ |t

B-force
C-tirme
Itemperatiy
_|residual

Cor Total

to right click an individual cells for definitions.

1

Sum of
Squares
17344
29,45
A9.94
6304

15.31
19376

R1

AHOVA for selected factorial model

of

== R T R R ]

Analysis of variance table [Classical sum of squares - Type ll]

Mean
Square
2874
1273
4497
iaz

¥ .B6

F
Value
386
166
.87
44

p-ualue
Prob = F

0.2189

not significant

0.3756
Qa.1455
2.1935




6. 3#cdz ~ 17

One Factor One Factor

2888

ERROVEBE LK
POWER: % 3%
FORCE: % 2%
TIME: % 1%

TEMP: % 2% g

R1
|

‘ hS
RA1
|

i
2

A: power B: force

One Factor One Factor

D: temperature




6. 45 iE - % Hc
#1+ %
1 2 3
POWER 80 85 90
FORCE 70 80 90
TIME 20 25 30
TEMP 150 165 180

=

DA THEZHIRY
EEN20090430 =383
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2. 1 Copper wireFl sz 3 ¥ L i g, o D
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4 ~ PR 2R 2t
= (RS ek
1 9 T 1 1 1
2 8 1 1 2
3 20 | 1 3
4 1 1 2 1
5 35 1 2 2
6 29 1 2 3
7 32 1 3 1
8 23 1 3 2
9 16 1 3 3
10 26 9 1 1
11 25 2 1 2
12 7 D 1 3
13 24 2 2 1
14 28 2 i 2
15 13 2 2 3
16 6 2 3 1
17 3 2 3 2
18 33 2 3 3
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21

103

144

283

15
52
243

152

185
342
338
231
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20

35
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16
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Response Transform: Hone
“**WARHING: The Cubic Model is Aliased? **
Sequential Model Sum of Squares [Type 1]
Sum of Mean F p-value
Source Squares df Square Value Prob = F
Mean ve Total 4 BEOE+005 1 4 BEOE+005
Linear v= hean 4 494E+005 4 1.124E+005 3700 = 0.0001
2Fl vz Linear S51066.76 5 10213.35 BA6 0.0007 Suggested
uadratic vs 2F 13.33 1 13.335 7. 749E-003 0.9306
—ubic vs Cuadra 2997779 5 5995 .56 916 0.0001 Aliszed
Residual 1305511 20 G2d 26
Toatal 1 .01 0E+006 36 28045 .06




RN TN Il 10 Fight click on individual cells for definitions.

R1

Response 1

Source
hocel
A-A
B-A
-
AR
AC
AC
Reszidual
Lack of Fit
Pure Error

Cor Tatal

Sum of
S{uares

5. 00SE+005
3 A0EE+Q0S
BG4S 38
72309 58
Jd425.38
8957.39
FESY Q0
4307625
JEF03.25
S375.00

5 436E+005

AHOVA for Response Surface 2Fl Model

if

25

13
33

Analysis of variance table [Classical sum of squares - Type ]

Mean
S{uare
55612 .44
3 106E+Q0S
BG4S 38
JEl7a.eg
3442538
4593569
382550
165678
£337.91
465,17

Value
3357
15748
4042
2154
2078
2.7
2.5

233

p-value

Prob = F

= 0.0001
= g
= O
= O

QLT

a.08317
. 1794

= g

significant

slgnificant



6 ~ Hcdp it A 4Bk R

Lower Upper Lower Upper
Hame Goal Limit Limit Weight Weight Importance
A i in range 1 2 1 1 3
B i in range 1 3 1 1 3
C i= in range 1 3 1 1 3
R minitmize 1] 345 1 1 3

Solhtions for & combinations of categoric factor levels

Humber A B C 34 | Desirability
1 1 2.00 2 _2.54217E-014 1.000 Selected

2 1 1.00 2 -40 1.000

3 1 1.20 3 -0.933333 1.000

4 1 1.00 3 -1.33333 1.000

5 1 1.60 2 -16 1.000

] 1 1.20 2 -321892 1.000

7 1 1.49 2 -20512 1.000

g 1 1.10 2 -35.548 1.000

g 1 1.30 2 -25.032 1.000

10 1 1.73 2 -10.76 1.000

11 1 1.85 2 -5912 1.000

12 1 1 .96 2 -1.476 1.000

13 1 1.56 2 -17.52 1.000

14 1 1.81 2 -7.408 1.000

15 1 181 2 -7.704 1.000




PR G WY I

R : o
! 1.00 .00
- — I
1 2 -1.00 1.00
Treatments
A= B=200

e e

Treatments

c=2

Desirability = 1.000

a 344

R1=-284M7E-014
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b ¥ ¥-HL26
Q05 ool 0265
0,008 0017 0,268
Q7 0013 0267
0,004 0,007 0,264
il 003 0281
023 0.4 0233
0018 0,035 0278
ila gl 0003 0261
0,004 0,00 0,264
0,003 0,007 0.263
Qi7 0012 0247
0,004 0,006 0,264
Q06 0ol 0,266
003 0,007 0263
0,004 0,008 0,264
0,01 000 0,261
0,003 0,005 0.263
Qe 0o17 0,263
0010 0,020 0,270
0014 0027 0274
Qe 0016 0,265
023 02 0283
Qe 0017 0,265
025 0.6 0,285
028 0053 0238
Q06 ool 0266
Q06 0,010 0,266
Q06 0ol 0,266
Q7 0013 0267
QU0 0038 0,280
001a 0.03% 027
01 0,036 027
01 0,035 027

.25
0,251
0267
0263
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0,289
0.2
0285
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0259
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f. 8IFE &%

R9 RI0 ZEA SN

1 14 54.24 53.10 53.75 53.79 53.21 53.12 53.37 53.35 52.59 52.28 34.53
2 5 53.34 51.22 52.76 53.44 52.94 53.50 53.44 54.23 54.20 53.11 34.52
3 4 57.34 57.79 58.40 58.27 58.18 58.38 58.40 57.83 57.63 57.93 35.27
4 3 54.35 53.64 54.40 53.94 54.06 53.19 54.88 53.65 51.83 53.21 34.60
5 18 50.59 49.71 50.50 50.56 50.33 50.47 50.28 50.56 50.60 50.27 34.05
6 13 56.65 56.36 54.99 55.24 56.23 55.32 55.63 54.66 55.72 57.77 34.94
7 15 52.39 52.46 49.18 50.14 51.69 52.95 52.20 50.14 50.21 52.25 34.21
3 17 55.78 56.13 55b.39 55.81 55.74 55.91 55.48 55.36 57.96 55.36 34.94
9 11 47.62 47.99 47.83 49.43 48.45 49.20 48.24 47.43 48.28 48.51 33.68
10 6 57.50 57.35 57.82 57.31 57.47 57.69 57.35 56.87 56.67 57.34 35.17

—a
—
o]
on
o
2]
—a

53.59 53.92 53.07 53.72 53.21 53.57 53.75 53.63 53.33 34.58

—
Mo

12 53.66 53.26 54.09 54.11 54.14 54.19 53.98 54.11 53.66 54.09 34.64

—
[}

10 56.83 57.24 57.45 57.15 56.22 57.78 57.80 56.37 57.46 56.26 35.13

—_
=Y

16 52.70 52.69 53.11 51.88 52.00 52.72 53.79 52.18 52.73 52.99 34.43

—
o
©
A
&
o
n

47.85 47.07 47.76 48.79 46.41 46.57 46.32 46.09 47.38 33.42

48.30 47.50 47.12 47.03 47.86 47.33 47.37 46.93 47.07 33.53

—
-
—
on
b
(%]
L]

52.22 52.42 52.45 52.73 52.71 52.16 52.62 52.17 52.63 34.39

—
[es]
-
on
)
]
L&)

56.56 57.80 56.87 58.11 57.34 58.00 58.11 57.75 57.84 39.20

NdLVAYVH



f. B 3E &3t o #7

One Factor

One Factor

p-value

Prob = F

= 0.0001

Qs
Q.00
= (Lo

Desirability
1.000

Sum of Mean F
Source Squares of Square Value
Madel 5.0 G 0.83 .30
> B8 066 1 066 16,92
-0 1.38 2 065 1741
’ oE 298 z 1,49 37.99
< Residual 043 11 0.039
> Cor Total 544 17
H Solutions for 36 combinations of categoric factor levels
m Humber A B 1] E Ri
z 1 1 1 1 2 3595

One Factor One Factor

significant A’\ *ﬁ' ‘% ;e .
ACY 121#): REF
B(L/FX%R): %3
D(3t% 3%): - &g
EC2ppe=): B (2 R4E)
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M to right click on individual cells for definitions.
Response 1 Angle

ANOVA for Response Surface Linear Model

Analysis of variance table [Partial sum of squares - Type lll]

Sum of Mean F p-value
= Source Squares df Square Value Prob >F
__[Model 2625 4 6.56 1021 0.0224
A-A 4.82 1 4.82 7.51 0.0519
— &8 o8 ! oks 2.9 = ta right click on individual cells for defintions.
| &C 19.78 1 19.78 30.78
fs39) o7 T Toq To0 : Response 1 Angle
Residual 257 4 064 AHOVA for Response Surface Linear Model
_Cor Total 2882 a Analysis of variance table [Partial sum of squares - Type lll]
[ Sum of Mean F p-value
Source Squares df Square Value Prob > F
hdocel 013 4 0.032 EE.09 0.0007
A-A 2 ABLE004 1 2 ABLE004 .44 0.5420
m to right click on individual cells for definitions. &8 oo ! oo a1.54 00697
Responge 1 Angle - 0035 1 0035 31.59 0.0049
= AHNOVA for Response Surface Linear Model 00 0.1¢ 1 010 210.77 -
__|Analysis of variance table [Partial sum of squares - Type lll] Residual 1.953E-003 4 4.882E-004
Sum of Mean F p-value Car Total 013 g
Source Squares df Square Value Prob >F
__[Model 978.23 4 24456 520 0.0697
A-A .92 1 11.92 0.25 a.6412
=1 B-8 121.2¢ 1 121.2¢4 2.58 0.1837
| &¢C 160.62 1 160.62 3.41
on 684.46 1 654.46 14.55
= Residual 188.22 4 4705
| |Cor Total 1166.45 8
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