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Independent Study Title Quality Improvement in Wire Bond Process Used Six Sigma

Technique
Name-Surname Mr. Phayome Hluekeaw
Major Subject Business Engineering Management
Independent Study Advisor Assistant Professor Daranee Pimchangthong, D.B.A.
Academic Year 2012
ABSTRACT

The purposes of this independent study were to improve the quality of welding process
using Six Sigma technique for oscillator production, with the target to reduce the waste from wrong
size of wire from 2,640 PPM to less than 528 PPM, or at least 80%, and to improve the ability of
welding process in bond size controlling stage with the target to be able to adjust the process
capability index (Cpk or Ppk) up at least 50%.

The improvement process using Six Sigma began by identifying the problem, analysis of
measurement process, and causes analysis using brainstorming through fishbone diagrams and
failure mode and effects analysis (FMEA). The results found that the factors that affected the bond
size were strength, time, energy, and temperature used in welding. The finding factors were tested to
find the factors that had statistical significance in affecting bond size. The testing results found that
only strength, time, and energy factors had statistically significant effects. The improvement process
began with finding the proper value of the factors by designing the experiment (DOE) and the
proper values of strength, time, and energy were found to be 42 gram, 15 millisecond, and 1.574
micro-meter (62 micro-inches) respectively. The values found from the experiment were further
adopted to the process.

The analysis results after improvement process found that in the long term the amount of
waste was reduced from 2,640 PPM to 23.10 PPM, or 99.21%. The capability of method (Cpk)
increased from 0.89 to 1.38, or 74.68%

Keywords: Quality Improvement, Six Sigma
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Type 1 Gage Study for Data

Reported by:
Gage name: Tolerance: 7.5
Date of study: Misc:

Run Chart of Data
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Ref + 0.10 * Tol

62.0

61.6
\'//\—\‘—'/_//\\’ et

61.2

Data

60.8 -

Ref - 0.10 * Tal

1 2 3 4 5 6 7 8 9 10 11 12
Observation

Basic Statistics Bias Capability

Reference 61.5 Bias 0.025 Cg 2.06

Mean 61.525 T 0.7125 Cagk 1.99

StDev 0.1215 Pvalue 0.491

6 *EstDev (5V) 0.7293 (Test Bias = 0) osvar(Repeatabity) soam
TeEErE@E)  7E %oVar(Repeatabiity and Bias) 10.06%
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1 7 Operator 1 21 6 Operator 1 41 8 Operator 1
2 2 Operator 1 22 5 Operator 1 42 4 Operator 1
3 9 Operator 1 23 3 Operator 1 43 7 Operator 1
4 5 Operator 1 24 9 Operator 1 44 3 Operator 1
5 4 Operator 1 25 1 Operator 1 45 9 Operator 1
6 1 Operator 1 26 10 Operator 1 46 10 Operator 1
7 3 Operator 1 27 2 Operator 1 47 1 Operator 1
8 10 Operator 1 28 8 Operator 1 48 6 Operator 1
9 8 Operator 1 29 4 Operator 1 49 2 Operator 1
10 6 Operator 1 30 7 Operator 1 50 5 Operator 1
11 10 Operator 2 31 3 Operator 2 51 9 Operator 2
12 6 Operator 2 32 9 Operator 2 52 8 Operator 2
13 9 Operator 2 33 8 Operator 2 53 6 Operator 2
14 7 Operator 2 34 10 Operator 2 54 4 Operator 2
15 1 Operator 2 35 7 Operator 2 55 1 Operator 2
16 4 Operator 2 36 1 Operator 2 56 5 Operator 2
17 3 Operator 2 37 6 Operator 2 57 3 Operator 2
18 5 Operator 2 38 4 Operator 2 58 7 Operator 2
19 2 Operator 2 39 2 Operator 2 59 2 Operator 2
20 8 Operator 2 40 5 Operator 2 60 10 Operator 2
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Two-Way ANOVA Table With Interaction

Source DF 35 M5 F B
Parts 9 2573.43 285.938 450.0%7 0.000
Operators 1 0.10 0.104 0.164 0.885
Parts * Operators 9 5.72 0.635 3.443 0.003
BEepeatability 40 7.38 0.185

Total 59 2586.63

Alpha to remove interaction term = 0.25

Gage R&R
Contribution
Source VarComp {(of VarlComp)
Total Gage ReR 0.3348
Bepeatability 0.1845 0.39
Beproducikbility 0.1303 0.31
Operators 0.0000 0.0a0
Operators*Parts 0.1503 0.31
Part-To-Part 47.5502 99.30
Total Variation 47,8850 100.00
Process tolerance = 15
Study Var 3%5tudy Var %Tolerance
Source StdDev (5D} (6 * 3D) (33V) (SV/Toler)
Toctal Gage EsR 0.57858 3.4715 g.36 23.14
Repeatability 0.42953 2.5772 6.21 17.18
Beproducikbility 0.38763 2.3258 5.60 15.51
Operators 0.00000 0.0000 0.00 0.00
Operators*Parts 0.387&63 2.3258 5.60 15.51
Part-To-Part &.89567 41.3740 99,65 275.83
Total Variation f.91990 41.5194 100.00 276.80

Humbker of Distinct Categories = 1é

Y a o 1 o @ 0o <
ﬂ"l‘i/‘l‘ﬁ 4.7 HaNITUATIEHANWUNUIIVDINTEUIUNITIA (Gage R&R) ﬁ"wiﬂmﬂmmmgﬂ

N19809



Gage name:
Date of study:

TMS
Dec19'2012

Components of Variation

Gage R&R (ANOVA) for Measurement

Reported by:
Tolerance:
Misc:
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Measurement by Parts
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Probability Plot of Bond size
Normal - 95% CI

Mean 64.40
StDev  1.851
N 80
AD 0.497

95 P-Value 0.207

0 4
80
70 1
60
50 |
40 4
30 A
20 1
10
5

Percent

0.1 T T T T T T T T T
56 58 60 62 64 66 68 70 72

Bond size

! Aa 0o < aa
Ml 4.8 wamsnadounnuinavesteyadle Iusunsudusezneana

Process Capability of Bond size

USL
Process Data — \V/ithin
LSt 60 == == Qverall
Target 67.5 - — —
usL 75 Potential (Within) C apability
Sample Mean  64.4042 Cp 152
Sample N 80 CPL 0.89

StDev (Within) ~ 1.64897
StDev(Overall) 1.85133

I Cpk__0.89 I

Overall Capability
Pp 135
PPL 0.79
PPU 1.91
Ppk  0.79
Cpm 0.69

- - A r
60 62 64 66 68 70 72 74

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 3782.86 PPM < LSL 8681.60
PPM > USL 0.00 PPM > US 0.00 PPM > US
PPM Total  0.00 PPM Total PPM Total | 8681.60
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Power and Sample Size
2-Sample t Test

Teating mean 1 = mean 2 ({versus not =)
-

Calculating power for mean 1 = mean 2 + difference
Llpha = 0.05 Assumed standard deviation = 1

Sample | Target
Difference Size Power DLctual Power
1 23 0.9 0.912498
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Probability Plot of Force Low, Force High
Normal - 95% CI
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Variable
—@— Force Low
—@— Force High

Mean StDev N A
60.17 1.078 23 0.37
62.96 0.9624 23 0.22
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Test for Equal Variances for Data Force

F-Test
Test Statistic 0.80
Force High t g { P-Value 0.599

Levene's Test

Test Statistic 0.45
P-Value 0.507

Force Level

Force Low - t e

T T T T
0.6 0.8 1.0 1.2 1.4 1.6
95% Bonferroni Confidence Intervals for StDevs
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Two-Sample T-Test and CI: Force Low, Force High
Two-sample T for Force Low vs Force High

Mean StDev 5SE Mean

n
Force Low 23 a0.17 1.08 0.22
Force High 23 &2.961 0.39&2 0.20
Difference = mu (Force Low) - mu (Force High)
Estimate for difference: -2.7396

95% CI for difference: (-3.403, -2.1
=)z

g)
T-Test of difference = 0 (w3 not =

Value = -9.28 | P-Value = 0.000 JDF = 43

g
T

Boxplot of Force Low, Force High
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Probability Plot of Time Low, Time High
Normal - 95% CI

9

Variable
—@— Time Low
95 —@— Time High
90 ', Mean StDev N A P
57.55 0.6570 23 0.23p 0.766
801 62.57 0.6963 23 0.44f 0.261
70 | —
£ o0
8 50
O 40-
o
30
204
10 1
5.
(]
1 T T
55.0 57.5
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HANTNATOUANMADITAINYDIANNLITUIIU (Test for Variance Stability) ldwa
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Test for Equal Variances for Data Time
F-Test

Test Statistic 1.12
5 Time High 4 t g ! P-Value 0.788
3 Levene's Test
-
g Test Statistic 0.10
= P-Value 0.752

Time Low - t .
T T T T T T T
0.5 0.6 0.7 0.8 0.9 1.0 1Ll
95% Bonferroni Confidence Intervals for StDevs
>
[}
-
o
E
" Time Low -
T T T T T
56 58 60 62 64
Data Time

~ A A Aq Y A
MNN 4.18 HANTNATOUANNNIEDETNNVeIA NV TUTMveanatlslumsiyenaia
[ z:i 9 d' = 1 =} [] 9 [
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9
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a 4 o Aa o ~ [ 1
Ha91nMsanTIzHaae TdsunsudusegUnadanwaadlunini 419 woaien
P-value HAUNINY 0.000 F4108n1 0.05 LAAIIIAITDA t UAWD LAAINNUNFOUAIAN 1%

1 4
na11%ml,agnmmﬂﬁwammummmuauﬂ
Two-Sample T-Test and CI: Time Low, Time High
Two—sample T for Time Low vs Time High

N Mean StDev SE Mean
Time Low 23 57.548 0.657 0.14
Time High 23 &2.566 O0.696 0.15

Difference = mu (Time Low) - mu (Time High)
Estimate for difference: -5.018

95% CI for difference: {(-5.421, -4.8l&)
I-Test of difference = 0 (vs not =): T-Value = -25.14] P-Value = 0.000)] DF = 43
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Boxplot of Time Low, Time High
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Probability Plot of Power Low, Power High
Normal - 95% CI

9

Variable
—@— Power Low

95 - —B— Power High

90 4

Mean StDev N AD P
60.31 0.8135 23 0.152f 0.953
80 1 62.16 1.007 23 0.394f 0.345
70
60 4
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40.
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20

Percent
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Test for Equal Variances for Data Power
F-Test
Test Statistic 1.53
E Power High ; - | P-Value 0.324
9 Levene's Test
] Test Statistic 1.08
g P-Value 0.305
Q. Power Low ; -
T T T T T
0.50 0.75 1.00 1.25 1.50
95% Bonferroni Confidence Intervals for StDevs
>
Q
-
=
H
°
T T T T T T T
58 59 60 61 62 63 64
Data Power
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Two-Sample T-Test and CI: Power Low, Power High
Iwo-sample T for Power Low w3 Power High

0 Mean StDev 35E Mean
Power Low 23 60.309 0.813 0.17
Power High 23 62.16 1.01 0.21

Difference = mu (Power Low) - mu (Power High)

Estimate for difference: -1.852
95% CI for difference: (-2.397, -1.307)
I-Test of difference = 0 (v3 not =): T-Value = -6.88] P-Value = 0.000 JOF = 42

[
v A
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Boxplot of Power Low, Power High
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Probability Plot of Temp Low, Temp High
Normal - 95% CI
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Variable
—@&— Temp Low
—@— Temp High
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Mean StDev N AD| P
60.98 1.011 23 0.208] 0.848
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Test for Equal Variances for Data Temp
F-Test

Test Statistic 1.28
g Tem High { = . 1| Revaue____oses)
E Levene's Test
% Test Statistic 0.41
o P-Value 0.527
F Templowq . !

T T T T T T
0.8 1.0 1.2 14 1.6 1.8
95% Bonferroni Confidence Intervals for StDevs
>
Q
-
-8
£
)
T T T T T T
58 59 60 61 62 63
Data Temp
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Two-Sample T-Test and CI: Temp Low, Temp High

Two—-sample T for Temp Low vs Temp High

N Mean StDev SE Mean
Temp Low 23 &0.98 1.01 0.21
Temp High 23 &1.40 1.14 0.24

Difference = mu (Temp Low) - mu (Temp High)

Estimate for difference: -0.417
95% CI for difference: {(-1.0&80, 0.225)
I-Test of difference = 0 (vs not =): T-Value = -1.31|] P-Value = 0.197] DF = 43
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Boxplot of Temp Low, Temp High
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Power and Sample Size

General Full Factorial Design

Llpha = 0.05 Assumed standard deviation = 1
Factors: 3 HNumber of lewvels: 2, 2, 2

Include terms in the model up through order: 3
Hot including bklocks in model.

Maximam Total |Target
Difference | Reps Buns Power Actual Power
1 & 45 0.9 0.922172

v Y v
M 4.28 HamMInaassnILIUMIIEIN ldnamsnszd
3 = o [ o < Aana 9]3
nniudeiinsesnuuumsnaassiiuTdsunsuduiagdmeana ldianua 48
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Probability Plot of RESI1
Normal - 95% CI
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Residual Plots for Bond size
Normal Probability Plot Versus Fits
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General Linear Model: Bond size versus Force, Time, Power

Factor Type Lewvela WValues
Force fixed 2 1, 2
Time fixed 2 1, 2
Power fixed 2 1, 2

knalysis of Variance for Bond size, using Adjusted 535 for Tests

Source DF Jeqg 55 Ady 55  Ldj M3 F E
Force 1 95.203 95.203 95.203 5%59.10 0.000
Time 1 33.668 33.668 33.668 20.90 0.000
Fower 1 13.653 13.653 13.653 g.48 0.008
Force*Time 1 0.3687 0.3687 0.3687 0.23 0.838
Force*Power 1 0.163 0.163 0.163 0.10 0.752
Time*Power 1 0.a08 0.a08 0.a08 0.38 0.543
Force*Time*Power 1 0.521 0.521 0.521 0.32 0.573
Error 40 64.433 £4.433 1.811

Total 47 208.al17

5 = 1.26919 R-S5g = 69.11% R-3g(adj) = 63.71%

d' a 4 I 1 4
MNN 4.31 HAMINARBAATIZHTITeNTNARBYUIAVEIVOUA
o { v v I .
udniwan ldnnmineasd lmaunisanuduiug Iagl¥33m3 Regression Taald
o a3 aa X a o { %
TilsunsuduSegineatase ldnamsinsiziawanslunini 432 &eldauns flo

Bond size = 46.5 + 0.282*Force + 0.168*Time + 0.107*Power
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Regression Analysis: Bond size versus Force, Time, Power

The regression equation is

IB::nd size = 46.5 + 0.28

2 Force + 0.1658 Time + 0.107 Power I

Predictor Coef
Constant 46.483
Force 0.281&7
Time 0.1&750
Power 0.1066a7

tnalyais of Variance

Source DF
Eegression 3
Eezidual Errocr 44
Total 47

Source DF Seq 55
Force 1 95.203
Time 1 33.668
Power 1 13.653

SE
1
0.0
0.0
0.0

142
(17

208

Coef
.552
3538
3538
3538

3%

33
. 224
. 093
. 617

T
.94
.96
.73
.01

%]
=1 o

L I =

E
0.000
0.000
0.000
0.004

E-3gi{ad]) =

F

31.63 0.000
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Probability Plot of Test Run
Normal - 95% CI

Mean 67.32
StDev  1.663
95 N 30
AD (205
o P-Value 0.575

Percent
g

1 T T T T T T

62 64 66 68 70 72
Test Run
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Process Capability of Test Run

LSL Target USL

Process Data ] Potential (Within) Capability
LSL 60 Cp 1.40
Target 67.5 CPL 1.36
usL 75
Sample Mean 67.3238 _m_
Sample N 30
StDev (Within) 1.79207

i

——L - - - :
60 62 64 66 68 70 72 74

Observed Performance Exp. Within Performance

PPM < LSL 0.00 PPM < LSL 21.87
PPM > USL 0.00 PPM > USL 9.20
PPM Total  0.00 PPM Total  31.07

3 a 4 9 0o < aa
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Probability Plot of X bar
Normal - 95% CI
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Process Capability of X1, ..., X3
LSL Target USL
Process Data | | = | Overall Capability
LSL 60 Pp 1.42
Target 67.5 | ‘ | PPL 1.38
usL 75 | T | M | PPU  1.46
Sample Mean  67.2896 | || \ | Pk 1.38
Sample N 150 | | Cpm 1.41
StDev(Overall) 1.75986 | |
| \ |
| |
| |
| |
| |
| |
| |
| |
T e T T T T T T T T T T T ' T T
60 62 64 66 68 70 72 74
Observed Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 17.20
PPM > USL 0.00 PPM > USL 5.90
PPM Total  0.00 PPM Total  23.10
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FAILURE MODE AND EFFECTS ANALYSIS Page Wil 1 of 1 & & 4
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(PROCESS FMEA) FMEA (n5£10UM3) & &

, & & &
nszuunsALduihvng AU Wire bond PROCCESS Responsibility Anu3ufazay  Mr.Mustuzaki, Mr. Chitnarong S o ?\&&
Model Year(s)/ Vehicle(s) §4 Saw oscillator Prepared By §3avin Mr.Phayome 4/1/2013| 4/1/2013| 4/1/2013
Core Team &unGnluiin  : Mr. Phayome , Mr. Akkrachai, Ms. Aranya, Mr. Nakhorn, Mr. Eakapol FMEA Date (Orig.) Yuil  (217uusn)06/04/2008 (Rev.): (atfuy¥uilyg) 11.30 4-0.a.-13

Process Function | Requirements Potential Potential Effect(s) of Potential Causes(s)/ Current Process Controls RPN Recommended Res;ﬁns'\bil"t‘/ Action Results wan1sefluniasnisusily
. P . . . -P.N. arge
winfizasnsyunis| dadadivua Failure Failure Mechanism (s) of Occur | Current Design Controls [(Detected) S Action(s) ) 8 Actions Sev | Occ Det R.P.N.
Mode Sev Failure ey Completion Date
Requirements (s) Class AAINANATELINASTSaEY (0)‘_, A g | ymsnnsuunin Taken anu |armd] anudlu | daau
o | © ikt Y B el I HIURAAAULRY e}
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fleymiavding Haymavae flaywnaodng nsilasiy e ATAUM Aum goihhasudnssa Mdanun e |lunsdum|  Zhin
Prevention Detection SxOxD ) (0) (D) SxOxD
Au wire bonding
1.)Auwire Appearance 1stshape trouble Deterioration of reliabli 7 Capillary wear Rules of capillary durability 2 Appearance check 6 84 NONE
Bonding position Correct position when chage
bonding inspection std. |shift _|Insufficient strenght 6 Capillary camera shifting capillary 3 |Appearance inspection 3 54 NONE
Periodical cleaningon cleaning
Wire broken Oscilltion defect 7 Wire hooking Clamp trouble |standard 2 ClInspection 2 28 NONE
Peridical cleaning & Cover save
..................................................................... Nail & Holder loos, Bending _ feard | 2 |clinspection 2 feas foomone L
FAlnspection, Cl
Wire not connect Oscillation defect PKG, Chip dirty Periodical cleaning M/C ] inspection 3 21 NONE
7 Trouble Load trouble Machine program setting 2 Check M/C condition, 3 42 NONE
Strenght check
Capillary wear Rules of capillary durability 2 Record sheet 4 56 NONE
Bonding
strength Insufficient bonding |Deteration of reliability 7 Wrong Au wire specification Model change control 2 Cl Inspection 3 42 NONE
strenght 7 Wrong Au wire specification Matching model each Au wire spec 2 CliInspection 3 42 NONE
Bonding parameter not Change
Bond size Bond size NG. Deteration of reliability 7 suitable. Confirm bond size after set up 6 Measuring by sampling. 7 Phayome HI. 7 1 7 49
Change parameter parameter to
th ni tosuitable ,and WW.01113 suitable, and
-l use SPC for control. . use SPC for
control.

4 a d 1 v o
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Analyzed

Methods
Process Data
. Evaluation .
Name/Operation Parameter Specification/ Sample size/ Control Action Reaction Plan
Descrinti Measurement Who
escription Tolerance Frequency Method point
Technique
Wire bonding Force 42¢g Monitor the 1 time/Setup Technician Check Wrong Notify Engineer to
setting value sheet setting Engineer verify
Time 15 ms Monitor the 2 time/Setup Technician Check Wrong Notify Engineer to
setting value sheet setting Engineer verify
Power 62 uinch Monitor the 3 time/Setup Technician Check Wrong Notify Engineer to
setting value sheet setting Engineer verify
Bond size Bond size 60 - 75 um Bond size 3 pes/lot Operator SPC Out of Notify Process
measurement measurement control Engineer capability
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Xbar-R Chart of Bond size
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