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Why Statistical Methods

» Disciplined Approach

‘Repeatable Results

* Quantifiable Decision Criteria

* Optimization



Statistics Review



Population Sampling
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Analysis
Statistical Statistics:
Inference
/?, S, etc.
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Probability Distributions

Hormal Triangular Poizzon Binomial
M Aﬂllllll““““lﬂu
Lognormal Uniform E xponential Geometnc
k mmnﬂm
W elbull Beta Hypergeometric Custom
A y WNir ™
Gamma Logishic Pareto Extreme Yalue

A

A

@ © 2010 Motorola Mobility, Inc. - Motorola Confidential Proprietary

13-Mar-12



Probability Density

Normal Distribution
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Process Capability



Normal Distribution

~ Allowable Variation

Cp = Actual Variation

— Allowable




Process Capability

> LSL/ uSsL
LSL USL % y :
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C p - 2 O ) 2.0 distributions

can fit within the
specification
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Process Capability
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Process Capability
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Process Capability; Cp & Cpk

O,
Cp - USL - LSL
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Cp, Cpk Example

Chip set Stack Up






Chipset Stack Up

Package Height Prediction (post-reflow)
Memory Mold Cap (2-die)
Memory Substrate Thk.
Memory Ball Ht. (after reflow)

OMAP Mold Cap (Ref.)

OMAP / W3G Die Thickness (um)

Die-to-Substrate Gap (um)
OMAP Top Ball Ht.

OMAP/W3G Substrate Thk. (w/o SM)
OMAP/W3G Ball Ht. (after reflow)
OMAP/W3G Ball Ht. (before reflow)

Total 2-Package POP Height (post-reflow):
Max. 2-Package POP Height (post-reflow):
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W3G (current)

Min. Nom. Max. Tol.
0.330 0.340 0.350 0.010
0.110 0.140 0.170 0.030
0.140 0.190 0.240 0.050

0.095 0.100 0.105 0.005
0.020 0.025 0.030 0.005
0.408 0.448 0.488 0.040
0.168 0.206 0.244 0.038
0.180 0.230 0.280 0.050

1.24 1.32 1.40
1.40 RSS: 0.081

13-Mar-12



Chipset Height Cp, Cpk

Current Stack Up

Wrigley 1.31
Gap 0.16
Shield 0.13
Total 1.60

Proposed Stack Up

Wrigley Height Distribution +0.16mm
MNormal
-60 +60
1.205 1.4436 1.47
Mean 1.321
20 StDev 0.01929
M 11
0.1154mm
15
o
=
e
o 10
O
5 i
D T T T T T
1.20 1.24 1.28 1.32 1.36 1.40 1.44
Wrigley Height
Program Supplier Part_Num Point_1(mm) Point_2{(mm) Point_3(mm) Point_4({mm)
Etna hiynis - 0314 1 1.318 1.325 1.306 1.298
Etna hiynibx - 9204, 2 1.319 1.321 1.304 1.294
Etna hiynitx - 9204, 3 1.293 1.325 1.292 1.300
Etna hiynis - 9204, 6 1.294 1.305 1.279 1.361
Etna hiynix - 0464, 7 1.307 1.337 1.316 1.315
Etna hiynis - D464, 8 1.365 1.368 1.358 1.347
Targa  hynix- LvB7908 A2-1 1.348 1.345 1.347 1.357
Targa  hynix- LYE7908 A5-2 1.330 1.340 1.334 1.338
Targa  hynix- LVE7908 B3-3 1.287 1.315 1.292 1.297
Targa  hynix- LvB7908 B6-4 1.319 1.330 1.318 1.322
Targa  hynix- LVE7908 C1-5 1.321 1323 1.312 1.318




Mechanical Development
Process



Development FIOW (simplified)
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Tolerance Analysis



Development FlOwW (simplified)

Tolerance
Analysis

Improve
Manf. Process

Improve
Measurement
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Development FlOW (simplified)

( part / process \ [ Tolerance
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Components

—> 0.50 +/- 0.05
4® 100+/-007

—{ C }1.50 +/-0.10
- D } 1.25+/-0.10
E :

— 7?7 4013 —

-

7
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Tolerance Analysis

454 =}
: KNS
055+ 107 + 160 + 1.35

Envelope Size

i: 4.67 =}

AN

C D



Root Sum Squared rss)

Variances can be added......

02=02+ 02+ 0%+ 0%+ 02

Envelope

- T 2 m T | 2
o= [(55) (3

Ogap — 0.035
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Root Sum Squared (rss)
Components

—» 0.50 +/ 0.05 Gap Size
ol Ogap = 0.035

N 1.00 +/- 0.07
304 = 0.105
_.[ C }1.50 +/ 0.10 6093P =0.210

{ D }1.2557-3610 Envelope = A+B+C+D+60,,, = 4.46

EAN




RSS vs. Worst Case

Worst Case = 4.67 <

A — 4.50/0




TA Example:

uUSB and HDMI
Cconnectors



Measurement Systems
Analysis
(MSA)



Development FlOwW (simplified)

Manf. Process

Measurement Systems
Improve Analysis
I E

Improve
Measurement
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Development FIOW (simplified)

-

[Good TA]—}

spec / print

(requirement)

~
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Measurement Systems
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Measurement Systems Analysis

WHY?

Measurement Error=——Bad Decisions
A bad unit A good unit
might test “good” might test “bad”

LSL USL



Measurement Systems Analysis

Characteristics:

S‘I‘qbili'ry
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Measurement Systems Analysis

Total Variation:

Total

Process
Variability

easuremen
System
Variability

Variability

2 2
0] Total O] Process

Precision:

i
Reproducibility + Repeatability

=2 2
o O-Reproducibility + O-Repeatability

Measurement
System

2
O-WS

1

_ 2 2
Oys = \/ OReproducibility T O Repeatability
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MSA; %GR & R

% GR&R

<10% Acceptable

Ok: non-critical

10% - 30%
measurements

>30% Unacceptable

m © 2010 Motorola Mobility, Inc. - Motorola Confidential Proprietary 13-Mar-12



Measurement Systems
Analysis

Example:

Glue Welight



Measurement Size



Development FlOwW (simplified)

Improve
Manf. Process

Measurement

Improve }

l Measure
Quantity ?
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Sample Size

* Dependent on the type of analysis to be performed
* Apply applicable formula
« Example: Sample Mean to a known population
2
(£t Zg)* 0
62

a = level of acceptability of a false positive (0.05 is typical)

B = level of acceptability of a false negative (0.10 is typical)
o = known standard deviation

m = amount of difference that matters (practical difference)
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Development FIOW (simplified)

——————————————————

\

' Determine Quantity to

MSA : Measure :

Acceptable? i i

A yes 5 or 20 or 100
i 2?? i

no o

\ 4

Measurement System

. 4 Improve the N
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Data Analysis



Development FlOwW (simplified)

Improve
Manf. Process

Improve
trial run Measurement
Analyze

Data
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Data Analysis

Summary for eMail Time

Summary for eMail Time

EBX

—

Anderson-Dading Mormality Test

H-Squared 0.36
P-\alue 0,292
Mean 82467
StDew 724
Wariance £8.124

Skewnasz 0689696
Kurtosis 0,100z34

¥ 15
Minirnurn 72.000
1st Quartile F7.000
Median g1.000

3rd Quartile 85.000
Maxirnurm 100,000

90% Confidence Intervals

ey =

Pl o) o

.l . ‘.

909 Confidence Interval for Mean
20,000 86,934

0% Confdence Interval for Median
fas12 27.094

0% Confidence Interval For StDey
E.o6b1 11.129

=
o
Fa
:']-.I
o

=5}
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Development FlOwW (simplified)

Improve
Manf. Process

Improve
trial run Measurement
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Comparative Analysis
&
Design of Experiments
(DOE)



Comparative Methods

* Analytical method to evaluate changes &
differences.

- Examples:
» Different vendors
* Change to a process

Types of Comparisons

Y continuous

X discrete Mean Standard Dev.
1-STD 1 sample )

t-test Confidence

interval

1-1 2 sample F test

t-test

Multiple( One-way Graphical
ANOVA Bartlett Levene
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Comparative Methods

Multiple Comparisons - Averages

Boxplot of Hr by Brand
9
8
- N
6 / | \ |
E =

4 Ne|
3 | T —
> I
1 I
0 T T

A B C D

Brand




Comparative Analysis
Example:

PCB Bow



Design of Experiments

» Efficient Experimental Method
* Optimizes Processes and Designs

* Allows for the Analysis of Interactions

General Structure for a Central Surface Plot of Likelihood to Buy vs Size, Range
Composite Design o Values |
Channels 14
2™* Fractional Factorial
Star points . o ()
+ §
Center points ®
%00 o
o
o . @
2 Factors 3 Factors
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Process Control



Development FlOwW (simplified)

Improve
"I Manf. Pr'ocess

. Improve
[Tr'lﬂl PUN] Measurement
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Process Control



Statistical Process Control

Process Unstable

SPC Goals:

* Predicable process
* Consistent g ()
- Centered distribution cwx
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Control Charts

Control Limits vs. Specification Limits

— e — "Upper Specification Limit’ (USL)
N\
=>< Y T T L Y T =Y Y
i Upper control limit” (UCL)
O
-IJJ‘ i . b
= Center line
Qo
(@)
©
& | “lLower control limit” (LCL)
AN
O “Lower Specification Limit” (LSL)
>
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Control Charts

Decision Rules for Process Control

Process Chart point_s do not el
In form a particular
= (P AND lie within  =p |
Control theupper and lower
chart limits LCL
Chart points form a
Process particular pattern OR oet
Out of == one or more points lie = cL
Control he upper or o
lower chart limits

Q@

O
O O/ \ /0.
0] O/O_Cﬂ 5 d
\ / o /
[o) el
e N\
{ o
AN .-" (&) /]
—
s] o
R_/ \_° y
Wi k \ /
o/ o S
=
. o/
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Control Charts (X-bar / R)

I-MR Chart of CallTime Min
1
204
Q 1
= UCL=14.39
m
=
= 10+
2
2> X=4.97
=
=
.D_
LClL=-4.45
I I I I I I I I I I
1 9 17 25 33 41 45 57 65 73
Observation
204
1
o 15
o
s
§ UCL=11.57
10
g
>
=}
Z 57 —
MR=3.54
0 & - LC1L=0
I I I I I I I I I I
1 9 17 25 33 41 49 a7 63 73
Observation
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Development FlOwW (simplified)

Improve
"I Manf. Pr'ocess

. Improve
[Tr'lﬂl PUN] Measurement
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Reliability Analysis

A

Hormal Triangular Poizzon Binomial
A yF iy =
Lognormal Uniform E xponential Geometnc
k mmnﬂm

Beta Hypergeometric Custom
y Nr
Logishic Pareto Extreme Yalue

A

A

@ © 2010 Motorola Mobility, Inc. - Motorola Confidential Proprietary

13-Mar-12



Reliability Analysis

Failure Rate

Decreasing
Failure |
<4+— Rate » =

Constant Increasing
Failure | Failure
Rate p» |l Rate —»

bad region

Infant Mortali

desired region

Normal Operation

p=1

bad region

B<l <

Wearout

>/ B>1

time

Useful Life \\
|

This region is not always perfectly flat.
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Fallure Analysis
Example:

Display Breakage



Development FIOW (simplified)

Measurement

Data

o o ——

4 Modify N

N\

—— o —

—_——mm ===

Specification
L e

no

Improve Manf.
Process

Cp=20
Cpk =2.0.

—

/
LSL usL Vs

—— o o o o e o o -

20 USL

Data
Acceptable?

N e o e o e o e o o o=

P e et
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g Process Control ‘.
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I
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= \ | /
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® I
w o
Normal Operation I
jm 1
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time W= | This region is not shways parfeetly A i
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Tools Used



DFSS Tools

s - - === = \ Y4 \ Y4 \
| Tolerance Analysis 1 | Measurement 1 | Process Capability 1
! - ooy | System Analysis | ! ;

[ e—B— 1 Components of Variation 1 1
: ——] —A : : ; 1= s | : !
! R -

N _/ N L _____ _/ ~_JBs vt/

S N S TN A
! Comparitive | f Design of 1 | Reliability Modeling 1
! Methods ' Experiments | ! ... oo e

piet of by Soms . I * I 3 -—m:" h- - R > - R - I
' Tg ) o -
L ~ . I : - :
\ ) \ ! \ o)

N\

.

+ Fieriny O %« i
_—e e mm e o mm omm omm omm omm

—
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Development FIOW (simplified)

|, ;a:‘r_/ ;r'_ c_es_s I { '|_'ol_er_'a;c; \ yes
0 | .
| design "1 Analysis | spec / pr'ln’r]
\___T___I - e o = — ‘
no [‘rr'ial r'un]
(o £ T
f—= === | .1 Measurement '
Modify | 1 Improve | Systems Analysis |
Spec 1 Manf. Process | I
- NV o i :
(=== : Improve | NO
| Process le [Tr'ial r'un] Measurement
I Control | : -
S——— N0 e,
yes { Analyze - [ Measure |
""" le«—| Measurements )
| Rellablll’ry u I Data b [ ]<_I\Quan’r|‘ry ?"
I Modeling | - T T~

| S ———
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Why Statistical Methods

» Disciplined Approach

‘Repeatable Results

* Quantifiable Decision Criteria

* Optimization



Q&A



Back Up Slides



6 Sigma Methodology

Product/ Process Six Sigma for Product
Improvement Models Development Models
]
Define

|
|

Identi

Measure

——

e i
‘Conceet Ree’s
Vv Define Develop Design | Design

o Evaluate Optimize| Optimize| Code

esigh Design
i_ Activate  Veri

Improve

i

Control Digitize Veri —

e —fL P2D2 TDFSS | DFSS | SDFSS
Draw Down \ MFSS
I
DMADDD
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DFSS — CDOV Process

DFSS - Design for Six Sigma
cDOV

Concept | Design  Optimize

‘Prioritize
Customer Needs

-Select Superior
Concept

.

*Baseline Design

Customer needs
captured in
Design
Requirements

‘Optimize
"Critical to Quality"
Parameters

\

Ensure
long term
performance

J
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CDOV Process

Concept

Major VOC KI Initiate Pugh

Steps Analysis CPM Analysis

Design

non | frocse | omfdene ompretivel Morte | o | pues | Gl
Optimize

, Robust Tolerance
Regression DOE RSM Design Analysis DACE

Verify

Reliability | System System
Modeling | Reliability | Availability
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Measurement Systems Analysis

(}_2
MY 100
Components of Variation / OFotal

. % Contribution 6
o _ XO _
] % Study Var ———» MS 100

B % Tolerance
— 6X JTDMZ

\ 6X 0y

GageR&R  Repeat Reprod  Part-to-Part USL—LSL

160+

Percent

x100

« Shows %R&R, its components and part to part variation
* We want the Gage R&R bars to be as small as possible
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Design of Experiments

One Factor At a Time (OFAT) Example

IPressure 1|

Pressure 2|

]

ITemp 1 I 25

{._.—

P—

35

[Temp 2 | 40

15

OFAT 1: Temperature
Constant, Pressure
Change

A

OFAT 2: Pressure
Constant,
Temperature Change

* If we held Temp constant at level 1 and varied Pressure, we
would conclude that Pressure at level 2 is best.

OFAT - Disadvantages

« Easy but not efficient

* Does not allow the investigation of the
combined effects of factors (Interactions)

* Does not cover a wide experimental region
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Design of Experiments

Response
Speed Brake Force Stopping Distance
(Mph or Kph) | (pounds or Newtons) | (yards or meters)
-1 -1 50
-1 +1 30
+1 -1 250
+1 +1 150

LevelFactors _y 22 = 4 Runs

llllllllll



Design of Experiments

Analysis - Main Effects —
Factor B (Brake Force)

30+150 50+250 180 300

Speed Brake Force | Response
-1 50 =
+1 30
-1 250
+1 150
Average for +1 200 90 -
Average for -1 40 150 <
Main Effect 160 -60

Brake Force. , =

2

The Main Effect of Brake Force is -60.

2
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90-150=-60

2k _> |_eye|Factors

Main Effects Plots

Main Effects Plot (data means) for Stopping Distance
Spead Brake Force
2004 ,."
¥ 175- / |
: /
E 150 S/
2 / '\
B 1251 /
& / \
< 100 /
E 754 : ,-"'f
50- !
-
Uncoded = v >
Coded -1 +1 -1 +1
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Design of Experiments

General Structure for a Central
Composite Design

2" Fractional Factorial

+
Star points
+

Center points

Surface Plot of Likelihood to Buy vs Size, Range
2 Factors 3 Factors Hold Values

Channels 14

@ © 2010 Motorola Mobility, Inc. - Motorola Confidential Proprietary 13-Mar-12



