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With four years of experience using JMP in new product

development, I specialize in quickly and thoroughly evaluating
design revisions to drive informed decision-making.

My work also includes electrostatic discharge (ESD) control and
mitigation activities
* JMP has been an essential tool in delivering clear, data-driven

product performance analyses that customers can easily
understand and trust.

TDK geite e



i

BACKGROUND

» Compact Design
» High Sensitivity
» Low Magnetic Noise Density
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} Background

» GMR Sensor is a highly sensitive magnetic
field sensing device composed of multiple
and very thin layers of ferro-magnetic and
non-magnetic material. Layer\

Conduction

Layer —

™ Pinned
Layer
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} Background

Magnetic Noise Spectral Density

1000 (FFT)
% 100
» Critical Characterization: Magnetic noise T .,
density determines the sensor’s ability to g
detect very small magnetic signals. 2
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} Background

» Widely used in electronic industry, industrial
applications and bio-medical field.
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PROBLEM

1.0 4

» Spiky/ Noisy Signal
» Unstable Signal
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} Problem Detection
GOOD SIGNAL
» Recent performance data shows unstable

signals, frequent fluctuations, and elevated

) UNSTABLE SIGNAL
noise levels.

| i ‘ ['lr'mu- it A T S I"Il"|| i .“.I,

» Factors:

» System configuration

SIGNAL FLUCTUATIONS
» Environmental condition l I

» Grounding integrity

» Material properties

BIG SIGNAL
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} Problem Detection

» Signal irregularities affects the profile of Magnetic Noise Density.

UNSTABLE SIGNAL SIGNAL FLUCTUATION BIG SIGNAL
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DEFINE THE PROBLEM

» Is yield hitting the target?

STDK geiter e



> Define - Noise Density Yield is Below Target

Magnetic Noise Density Yield

YIELD %

Dec

B Qty Input B Qty Output  —@—Yield

Yield Target 959,

Hard
Molding
QOverall

» Theyield for 9 months did not achieve the

Illustration 1: The monthly yield trend chart of noise density process

» The yield is significantly
low by 7%.

» Lossis around Php950k.

Key Question:

BTDK gighe

target yield of 95%. What are the contributors to yield loss?
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MEASURE the PROBLEM

» Using JMP platform: Data
Distribution
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Measure - Distribution of Noise Density Test Result

Test Value(Historical Sigma=13.265285) Capabhility

Histogram Process Summary

» Right-skewed distribution

Target 1 usL Density Target 225

=== Chverall UsL 45
» Outliers of 46~85 pT (8.9% failure rate) T —Within N 393
Sample Mean 30,283
Within Sigma  13.265
) N Overall Sigma  13.265
» Mean shift of +7.8pT from target A \ Stability Index 1
Within sigma is set to a historical
\\\\ :. ............................... i value.
0 10 20 30 40 if:a.D ..... O....70... 80.... 90 100
Noise density (pT/Hz)
Within Sigma Capability Overall Sigma Capability
Index Estimate Index Estimate Lower95% Upper95%
Cpk 0.370 Ppk 0.370 0.328 0.412
. Cpu 0.370 Ppu 0.370 0.328 0.412
» Next Steps. Cpr 0.488 Cpm 0.488
. . N f
» Investigate tester - Machine = “r"fi;".’fe......

"Expected ; Expected =

: H Portion .Dhs-erved?f ~Within % 'Dverall%
» Compare material lots - Material BN papn: 135R2) 133

Total Qutside = 5.0050 7 13.302 : 13.362

Illustration 2: Noise density distribution JMP Platform: Distribution
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ANALYZE the tester

» Trend monitoring using JMP
platform: Control Chart
Builder
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Analyze - Daily Tester Monitoring

. Individual & Moving Range chart of 78-39-3AF2G-650202 78-39-3AF2G-650202 Limit Summaries
0
» 1.The meanis : Subgroup
ook plotted LCL Avg UCL Limits Sigma Size
sta b I e 201 Individual 0 225 45 User Defined 1
2 D Moving Range 0 1.407303 4.597008 Moving Range 1
. o o Master Sensor Process Capability Analysis
S 30
LOW Va rl a bl | Ity E c Histogram Process Summary
. o
with strong s Tt L ey L :
g « v me Chverall Target 22.5
stability index of = *~ f Sl r

O 1 75 : Sample Mean  21.39619
) . 5 n :

Within Sigma 7.5
L]
1]
l s 1 B
-
|
[]

The Control is
strong

3 Cwverall Sigma  1.318574
H Stability Index  0.17581
110 Within sigma is set to a value derived
A I from user-defined control limits.
*

0 6 12 18 24 30 36 42 48

&
28
¥ ¢ T U . e
20 F ,, Tol |.'|T;| F .|1.l e ] T. ? 'lTTr 78-39-3AF2G-650202
cgn:'f Pl L he oillle |J..,IIT Lak) | (. iy = ==
3 &l (s 0 1% el ey T T et | Ik EBIER Overall Sigma Capability
| % 'Ll LAY el nt | s
= y 0“‘«') S Lo hf J. m‘ L Sl ) J:.J‘ } Index Estimate Lower95% Upper95%
0 50 100 150 200 250 Pk 3409 po el
Daily Master Sensor Epl :;[5}2 :S;S 296092
pu 067 . X
. . . . . Pp 5.688 5.078 6.207
Illustration 3: Tester daily monitoring Gom 43 o a7

JMP Platform: Control Chart Builder

» Remarks: Mean and moving average are stable

» Conclusion: Tester confirmed stable and ruled out as a cause

TDK geite e
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ANALYZE

» Material condition usinc
JMP platform: Fit Y b

» Molding Resin act as
protector to GMR
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Analyze - Before and After Molding

} Mean Shlfts from 23 O7pT -> Oneway Analysis of Moise Density By Molding Condition

70

28.42pT (+5.4 shift) . :
» Variation increases 50
. . e . Z UusL .
significantly after molding g 4
» (5x increase in noise variation: 2 g 9 } Strong significant
1.81->8.7 20 difference
. . . 1[:'
» Statistical comparison
f' |d : : ° Before Molding After Molding Each Pair
Con |rmS mO Ing aS a maJor Molding Cenditicn Student's t
contributing factor - "
Means and Std Deviations
} P_Value 000001 (0001 %) iS a Level Mumber ;Mean éfﬁtd[}ev ES:::::;
strong significant difference i 15 ew oo 1o JMP Platform: Fit ¥ by X
Means Comparisons
Comparisons for each pair using Student’s t
Ordered Differences Report
Lewvel - Level Difference ” Std Err Dif LowerCL  Upper CL p—".l"alue. o1r 2 3 45 06 78

After Molding Before Molding 5352074 1320042 27160843 7.987304: 0.00077 ' 1
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Analyze - Before and After Molding Variance

Tests that the Variances are Equal

8
» Significant increase in noise density after -
molding (1.8 -> 8.7) z
Before Molding After Molding
. . Molding Condition
4 leferenjc test for eq'ual variances shows T ——
Strong S|gn|f|cant d|fference Level | Count Std Dev toMean to Median
Before Molding 45 1.809716 1458772  1.453904
After Molding 45 8700327  5.880525  5.375194
. Test F Ratio DFNum DFDen p-Value
b Pvalue s less than 0.05 e S ] e
Levene 311577 ] 29 differgnce Across
Bartlett 80.0806 1 . all variance
F Test 2-sided 23.1605 44 44 equality check
Welch's Test

Welch Anova testing Means Equal, allowing 5td Devs Not Equal
F Ratio DFNum DFDen Prob:F
16.2903 1 47792 0.0002*
t Test
4,0361 JMP Platform: Fit 'Y by X
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IMPROVE the MATERIAL

» What's the most suitable
molding resin?
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} Improve - Change the Molding Material

» Remarks: Molding resin B is ideal for stress-sensitive and noise-critical applications.

Legend: [[ITAdvantage " Slight Disadvantage [/Big Disadvantage "

Property / Feature Molding Resin A Molding Resin B Advantage

100-150°C (120 mins) Molding B: Lower temp faster curing time

Cure Temperature & Cure Time

Molding A: Low material expansion in extreme
thermal change

Coefficient of Thermal Expansion

(CTE) Tg: 200-300 PPM/°C

35A

Hardness (Shore) Molding A: Easy to mold

Tensile Modulus Molding B: Very low stress applied to GMR

Both good electrical insulation, prevents ESD
damage

Volume Resistivity

STDK 5 20



Improve - Change to Molding B Material

Reason: Molding A limits free layer movement, causing abnormal flow of electrons in GMR.

Molding B allow movement in free layer re
(Molding A)

Molding A restrict
free moving in GMR
layer

B
°
N Mo, .
e -

sulting to good flow of electrons.

(Molding B)

Molding B allows
free moving in

Y

' : Electron Flow~. | oc GMR Stack GMR layer
1.5r:t\\ o it GMR Siagk 1.5mT 1.5mt F Gl\j[lR‘(Staqk‘ 1.5mT
m) o B Magnetic L T Magnetic

Field

f AITiC Substrate

Stress

High Mechanical
Stress
& Strain

High 1/f Nose

Barkhausen Noise:
Jerky Movement

Noise Densily

Hight b‘/Iagnetic‘
Field

Pinned Layer 7 Nip@ Vo S5e 1=
L] L]

Ny

In Everything,
Betterg 9

S&TDK

% Smooth
o Domain
0. Rotation
3] \L =
2 — 2|
Low Mechanical Low Noise
Stress Floor
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» Maximizing the resources,
minimizing the waste using
JMP platform: Sample Size
Explorer

» The “What If, Probability™
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Improve - Identify Sample Quantity

Power Explorer for Two Independent Sample Means
Explorer Settings

Test Type Preliminary Information

(®) One-sided | | Alpha 0.05

» 12 sample size for group 1 and 2 has the Power of 82.34%

() Twe-sided . .
oo mime o e ey 1= » Recommended value to achieve power = 80%
Profiler
Total Sample Size 24 [ Lock

Solve for: Total Sample Size

100% —
90% f/f* \
80% —
70%
0%
50% o o | m L
40%
30%
20%
10%
0%

Power
82.34%

10 20 30 40 50 10 20 30 40 50 0 1.00 200 300 400 500 -050 050 1.50 250 3.50 450 0 1.00 200 3.00 400 500
Group 1 Sample Size Group 2 Sample Size Difference to Detect Group 1 5td Dev (o4) Group 2 Std Dev (o2)
12 12 4 2 5

Save Settings  Reset to Defaults ' f f ‘ ‘

JMP Platform: Sample Size Explorer

&TDIK et 2




Improve - Identify Sample Quantity

Power Explorer for Two Independent Sample Means

Explorer Settings
TestType — - Preliminary Information » 10 sample size for group 1 and group 2 has the Power of 75.9%
(@) One-sided | | Alpha 0.05 . . .
OTwo-sided | 2 the group populstion standerd. @ves. P REAUCE the quantity due to expensive raw material
deviations assumed to be known? I Mo
» 24% chance of missing the significant result
Profiler

Total Sample Size 20 [ Leck

Solve for: Total Sample Size

100%
00%
80%

T0%
60%
50% m | | o L
40%
30%
20%
10%

0%

Power
75.93%

10 20 30 40 50 10 20 30 40 50 0 100 200 300 400 500 -050 050 150 250 350 4.50 0 100 200 300 400 5.00

Group 1 Sample Size
10

Save Settings | Reset to Defaults ‘p

Group 2 Sample Size
10

¥

Difference to Detect

4

*

Group 1 5td Dev (o4)
2

¥

S&TDK

In Everything,
Better':j 9

Group 2 Std Dev (o3]

5

¥

JMP Platform: Sample Size Explorer

24
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ANALYZE the RESULT

» Compare the molding
material and the molding
condition using JMP
platform: Variability Chart
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Analyze -Molding A and Molding B

Variability Chart for Magnetic Noise Density (pT/VHz)

60
55
50

JSL
40
35 e
30 .

25 1 &

20 @ e T == = =

15

10
5

» Molding A: Mean shift after molding
process

» Mean 21.27pT -> 27.62pT (+6.35 change)

» Molding B: Remains stable after molding
process

» Mean 21.14pT ->21.04pT (-0.10 change)

Magnetic noise density (pT/vHz)

a.Before molding | b.After molding | c.Before molding | d.After molding Cendition
Molding A Molding B Type

Variability Summary for Magnetic noise density at 1Hz (pT/vHz)

Std Err

Mean S5td Dew CV  Mean

Magnetic noise density at 1Hz (pT/+/Hz) 22.77 3.82 16,79  0.604
Type[Hard Molding] 2445 477 19.52  1.067
Type[5cft Malding] 21.09 113 5374 0.253

Type[Hard Molding] Condition[a. Before molding]  21.27 1.56 7.353 0495
Type[Hard Molding] Cenditicn[b.After molding]  27.62 482 1745 1.524
Type[Soft Mclding] Condition[c.Before melding] 21.14 1.32 6239 0417
Type[Scft Molding] Conditicn[d.After molding] 21.04 098 4671 03N

JMP Platform: Variability Chart
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Oneway Analysis of Magnetic noise density By Molding A
50

UsL

40

35 —3—
ik
H

30

25

O
20 % = O

b.After melding Each Pair
Student's t

Molding A 0.05

Magnetic noise density (pT/vHz)

a.Before molding

Means and Std Deviations
Level Number Mean 5td Dev

b.After molding 10 2762 4.819
a.Before molding 10 2127 1.564

tTest

b.After molding-a.Before molding
Assuming unequal variances T
Difference 6.34980 t Ratio 3.963135

Std Err Dif 1.60222 DF 10.87568

Upper CLDif  9.88119 Prob > [t 0023 /"' . J_
Lower CLDif  2.81842 Prob >t 0.0011* — e
Confidence 0.95 Prob <t 0.9989 6 -4 -2 0 2 4 &8

Means Comparisons
Comparisons for each pair using Student’s t

Ordered Differences Report

Level - Level

Difference ” StdErr Dif LowerCL Upper CL
b.After molding a.Before molding 6.349804 1.602217 2983670  9.715938

TDK geite e

JMP Platform:
FitY by X

} Analyze - Molding A and Molding B

Oneway Analysis of Magnetic noise density By Molding B
50

40
35
30
25

20 == = = °

15

Magnetic noise density (pT/vHz)

10

c.Before molding d.After molding Each Pair

Student's t

Molding B 0.05

Means and Std Deviations

Level Mumber Mean Std Dev
c.Before molding 10 2114 1.319
d.After molding 10 2104 0.983

tTest

d.After molding-c.Before molding

Assuming unequal variances

Difference -0.1061 tRatio -0.20388
Std Err Dif 0.5202 DF 16.63741
Upper CL Dif 0.9933 Prob > |t] 0.8400
Lower CLDif  -1.2054 Prob >t 0.5795
Confidence 0.95 Prob <t 0.4205

Means Comparisons
Comparisons for each pair using Student's t

Ordered Differences Report

Level - Level

Difference ” StdErr Dif LowerCL Upper CL
c.Before molding d.After molding 01060608  0.5202139 -0.986868  1.198990

» Molding A has strong significant difference; Molding B almost no variation.

JMP Platform:
FitY by X

p-Value -1.0 -05 0 0.5 1.0

0.8407

27
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CONTROL

» Implementing Molding B
Resin
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Control - Implementation of Molding B Resin

Individual & Moving Range chart of Magnetic Noise Density, using Molding B

» 96.7% of data points are

within the specified range. 2
» Mean 22.5 pT (excellent %
mean and in target) g
=
» Defect rate lowered
» 12% — 3.2%
» Molding B resin is 253
effective =5
) & & & B & & ) ) &
i ¥ A W v ‘*;30 ¥ QE-?@ QE;'@ N
Month
Magnetic Noise Density Limit Summaries
Points Subgroup JMP Platform: Control Chart Builder
plotted LCL Avg UCL Limits Sigma Size
Individual 0 225 45 User Defined 1
Moving Range . 4546828 . Moving Range 1
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Control - Implementation of Molding B Resin

Histogram
» Mean is close target B v
_ — Within

» -0.8 difference 7]
» Bell curve is balance and /

narrow
» Great process capability

» 2.32 Cpk

o 4 8 12 16 _E'Ige'. 28 32 3b 40 44 48

Magnetic Moise Density [pT/vHz)

Within Sigma Capability Overall Sigma Capability

Process Summary
UsL 45
N 187

Sample Mean 21.70638
Within Sigma  3.34201
Cwverall Sigma  3.34201
Stablity Index 1

Within sigma is set to a historical
value,

Index Estimate Index Estimate Lower 95% Upper95%
Cpk 2.323 Ppk 2.323 2.082 2.564
Cpu 2.323 Ppu 2.323 2.082 2.564
Nonconfermance
Expected Expected
Portion Observed %  Within % Owerall %
Above USL 0.0000 0.0000 0.0000
Total Outside 0.0000  0.0000  0.0000 JMP Platform: Distribution

TDK geite e
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> Yield - After Implementation of Molding B Resin

» Yield: From 88% — 96.8%, improved by 8.8%
» Average savings per month — Php22k

YIELD %

100%

Magnetic Noise Density Yield

90%
30% 91%
70%
60%
50%
40%
30%

20%

88%

87%

- M
0% [ jp— Eﬁﬁﬁ
Apr May Jun Jul Aug Sep Oct Nov D

92%
88% ° 83% M ss%

85% 84%

9 months Loss P950k
Loss Per month ave=P26k

o6%  97% 100%  96.8%

Yield was improved
by 8.8%

3 months Loss P12k
Loss Per month ave= P4k

ec  Molding Jan Feb Mar  Molding
A B
Overall Overall
g U p——
B Qty Input == Qty Output —@—Yield ——Yield Target

S&TDK
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} Conclusion

» Molding B resin is effective in improving the yield of
magnetic noise density, thus reducing waste and cost.

» JMP recommends appropriate sample quantity prior
evaluation sample build.

» It provides great graphical representation and detailed
analysis.
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USER Experi

» How do I finc
statistical to
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} User Experience

» Ilove the Red Triangles ™
» Reveals options relevant to our current steps
» Easy to navigate instead of finding through top-level ribbons

» The distribution platform in just seconds
» With just few clicks and ticks you have the
mean, Stdev, Cpk, Failure rate, ect.

» Great data visualization

BTDK gighe

34



=
=)
Q)
=]
=




&STD

In Everything,




