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Y SCME S
B Objectives

* Normal distribution and how it is significant in
X-charts

» X-charts and how to create them

* Interpreting Control Charts by applying the
Shewhart rules
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X -Chart

Upper Control Limit

' ; . ' ~ Centerline ?
(Target)
-

Lower Control Limit




SCME Normal Distribution
Yes, it does matter

Normal Distribution
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Location of mean

Real Number Line

Axis scale gives number of standard deviations away from the mean (negative implies "below the mean”)
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= Control Chart Basics

X -Chart

Upper Control Limit
u +3c

— — u+2c

S ——u+lo

||

Target

o o u—1lo
B —— u—20

u —3c

Lower Control Limit



Control Chart Basics

e X axis is time based

* Monitors process to detect special cause variation
and manage common cause variation

e Common Cause Variation

— Due to room temperature

change Upper Control Limit
— Line personnel — ——u +30
e Special Cause Variation T u+20
— Changes in process — u+lo

— Unexpected events Centerline X

— Change in vendors of a - u-1o
product ingredient B 20
— Leaks in a vacuum line 4 -30

Lower Control Limit
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SR Control Chart Basics

X -Chart
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SR Control Chart Basics

X -Chart

UCL
u +3c

Target

LCL
u —3c

||



Control Chart Basics

X or L =3.00 microns Y—Cha rt UCL

O =0.1 microns

u +3c
3+ (3*0.1)= 3.03

Target =3.00 X

LCL
u —3c
3 - (3*0.1)= 2.97




Xor I = 3.00 microns
O =0.1 microns

Control Chart Basics

X -Chart UL
u +3c

3 + (3*0.1)= 3.03
| ~ un+2c

u+lo

Target = 3.00 X

- B u—1lo
__pu—20

LCL
u —3c

3 - (3*0.1)= 2.97
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Xor I = 3.00 microns
O =0.1 microns

X -Chart

Control Chart Basics

UCL
u +3c

3 + (3*0.1)= 3.03
U+ 20

u+lo

Target = 3.00 X

u—1lo
__nu—-20

LCL

u —3c

3 - (3*0.1)= 2.97
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Xor I = 3.00 microns
O =0.1 microns

X -Chart

Control Chart Basics

UCL
u +3c

3 + (3*0.1)= 3.03
U+ 20

u+lo

Target = 3.00 X

n—1lo
___unu—20

LCL

u —3c

3 - (3*0.1)= 2.97
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Control Chart Basics

Average
X-bar Chart - Furnace Temperature

UCL = 1118°C

CL=1100°C

LCL=1082°C



¥ SCME Shewhart Rules

aka Western Electric Rules (WECO)

8 Rules to Signal an Out of Control Process

— Developed by a Western Electric Engineer — Walter Shewhart

Rule 1:
Rule 2:
Rule 3:
Rule 4:
Rule 5:
Rule 6:
Rule 7:
Rule 8:

A single point outside the u+3c zone.

Two out of three successive points outside u+2o zone.

Four out of five successive points outside u+1o zone.

Eight or more successive numbers either strictly above or strictly below the mean (the center).
Six or more successive numbers showing a continuous increase or continuous decrease.
Fourteen or more successive numbers that oscillate in size (i.e. smaller, larger, smaller, larger)
Eight or more successive numbers that avoid ut1o zone.

Fifteen successive points fall into u£1o zone only, to either side of the centerline.
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= Shewhart Rules — Rule #1

i
f / =

| \\ A /\/ \/

T\/\/\
NV

Rule 1: The existence of a number that is not in any of the zones labeled A, B, and C.
(See special, encircled point above.) This would be a single point outside the u#+3o zone.
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BT e e Shewhart RU|es — RUIG 2
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Rule 2: Two out of three successive numbers in a zone A or beyond (by beyond we mean
away from the mean). This would be two out of three successive points outside u+2o zone.

ABCCBA




E% SCME

s A TG Shewhart RU|es — RUIG 3
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Rule 3: Four out of five successive numbers in a zone B or beyond. This would be four out
of five successive points outside u£1o zone.

ABCCBA




ST . Shewhart RUleS — RUIG 4-
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SCME

Rule 4: Eight or more successive numbers either strictly above or strictly below the mean
(the center).
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P ohewhart Rules — Rule #5

ABCCBA
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s A TG Shewhart RU|es — RUIG 6

Rule 6: Fourteen or more successive numbers that oscillate in size (i.e. smaller, larger,
smaller, larger)

ABC CBA




Y . Shewhart Rules — Rule #7
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Rule 7: Eight or mo



2% SCME

87 i Shewhart RUles — RUIG 8

Rule 8: Fifteen successive points fall into zone C only, to either side of the centerline.
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¥ St Type | and Type |l Errors

e 2 Types of Errors: Type | and Type |l
* Type | — False Alarm

— Decision rules lead you to decide that special cause
variation is present when in fact it is not present.

* Type Il — Miss

— Decision rules lead you not to decide that special
cause variation is present when in fact it is present.
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Question: Let’s test the rules

Rule 1: A single point outside the u#3o zone.

Rule 2: Two out of three successive points outside u+2o zone.

Rule 3: Four out of five successive points outside u+1o zone.

Rule 4: 8 or more successive numbers either strictly above or strictly below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase or continuous decrease.

Rule 6: 14 or more successive numbers that oscillate in size (i.e. smaller, larger, smaller, larger)

Rule 7: 8 or more successive numbers that avoid ut1o zone.

Rule 8: 15 successive points fall into u£1o zone only, to either side of the centerline or target.
X-bar Chart - Furnace Temperature

UCL = 1118°C
112°C

3 @ 1106°C

. CL = 1100°C
_ . g 1094°C
1088°C

LCL=1082°C



Rule 8: 15 successive points fall into u£1o zone only, to either side of the centerline or target.

X-bar Chart - Furnace Temperature

UCL = 1118°C

H12:0

o @ 1106°C

e o CL = 1100°C
.. © S 1094°C
- 1088°C

LCL=1082°C
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o Process Changes - Shift

Shift — When the data starts to center around a different mean or center line.

3c - UCL

Centerline or Target

New mean of shifted data

30 - LCL
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Y SCME. Process Changes - Trend

Trend — When the process mean begins to gradually move in one direction.

30 - UCL

S ~’/\ -/\\ Centerline
\/ / St cn . DD
—NL or Target
—

30 - LCL
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v Process Changes - Cycle

Cycle — When the data begins to increase or decrease
in a cyclical or repetitive manner.

30 - UCL

\%A 48 "A"AVAVAVA 4 Wisiins

30 - LCL



Out of Control Action Plan - OCAP

You are a technician in the
photolithography aisle of a local MEMS
fabrication facility. After randomly
testing several wafers from the last
processing batch and plotting the data
on a control chart, you identify an out-
of-control situation with resist
thickness.

Run a boat of
test wafers,
remeasure,
plot.

Photoresist
Too Thick?

3sF-———"""""""7""7"7"="="=-—- = UCL

pXo! B = Photoresist
o N Thickness

1o
/AA A\\/’\‘ Target

S "\v/- ________

pXe)

3o == === ———————— - LCL

Put DOWN the Machine
and TS the problem

Release the machine for
production and
determine the cause of
the out-of-control
situation




Out of Control Action Plan - OOCAP

Yes | put DOWN the Machine
and TS the problem

Release the machine for
production and

—> determine the cause of
No | the out-of-control
situation

-

Photoresist Run a boat of
Too Thick? test wafers

Recognize the a Problem Exists —>{ Evaluate Possible Causes

Y A4

Analyze the Problem Develop an Action Plan |
Identify Possible Causes Verify and Record

#=%SCME

Support Center for
o=t Microsystems Education
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Data Collection/Analysis Plan

Take 5 temperature
measurements during
the process

y

Average the 5 run
temperatures to get
an X-bar value

Plot the X-bar value

3£ processin

Process is
In control!

on the chart

Support Center for
- Microsystems Education

A 4

Analyze the process
for the out of control
data point.

(Look at methods,
equipment, people,
materials, environment)

A

Determine the
cause of the out
of control data point.

Correct the cause

'

®




Control Limits are NOT Specification Limits

Control Chart Centerline

— Derived from real-time process data

e Control Limits

— Derived from real-time process data

* Specification Limits (Spec Limits)

— Boundaries that a product is acceptable or not acceptable

* Just because a process is in statistical control does not mean it is always
within spec and vise versa

* SPC has to do with process predictability
* Process Specification Limits have to do with the process capability
 General Rule: Do not put Specification Limits in a control chart!
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__ EXAMPLE —5I0, Growth

* Silicon Dioxide Growth for a Sacrificial Layer on a
MEMS device

e Specification states that the Average Run
Temperature (X) should be 1000°C £ 10°C

Image courtesy of UNM MTTC

0 »L,

Second Polysilicon
Structural Layer

Deposit second structural layer (Polysilicon)
and pattern

Shaft and
Cap

Rotor

Remove sacrificial layers leaving
microstructure free to move
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oc=3.77 °C
U +3c=1004 + (3*3.77) = 1015°C
u —3c=1004 + (3*3.77) = 993°C

V. Nicoarsions Ewation X _C h a rt fO r S i 02 G rOWt h

ucL
w+3c=1015°C

Target = 1004°C

LCL

1 — 36 =993°C
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" X -Chart for SiO, Growth

Management has determined that this process should be monitored
for only the following 4 Shewhart Rules:

Rule 1: A single point outside the u+3o zone.

Rule 2: Two out of three successive points outside ut2o zone.

Rule 4: 8 or more successive numbers either strictly above or strictly
below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase
or continuous decrease.



X -Chart for SiO, Growth

ucL
L+3c=1015°C

\ [\

V

Target = 1004°C

LCL

L—3c=993°C



"~ X-Chart for SiO, Growth

Rule 1: A single point outside the u+3o zone.

Rule 2: Two out of three successive points outside u#+2o zone.

Rule 4: 8 or more successive numbers either strictly above or strictly below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase or continuous decrease.

ucL
w+3c=1015°C

A N /\ - Target = 1004°C
\\/ \

| LCL
. L —3c=993°C

990°C
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" X -Chart for SiO, Growth

Rule 1: A single point outside the u+3o zone.

Rule 2: Two out of three successive points outside u+2o zone.

Rule 4: 8 or more successive numbers either strictly above or strictly below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase or continuous decrease.

ucL
w+3c=1015°C

A r / \ /\ Target = 1004°C
WA
V
L LCL
® n—306=993°C

990°C
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" X -Chart for SiO, Growth

Rule 1: A single point outside the u+3o zone.

Rule 2: 2 out of three successive points outside u+2c zone.

Rule 4: 8 or more successive numbers either strictly above or strictly below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase or continuous decrease.

ucL
w+3c=1015°C

Target = 1004°C
J

i | LCL
1 — 36 =993°C
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" X -Chart for SiO, Growth

Rule 1: A single point outside the u+3o zone.

Rule 2: 2 out of three successive points outside u+2c zone.

Rule 4: 8 or more successive numbers either strictly above or strictly below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase or continuous decrease.

ucL
w+3c=1015°C

Target = 1004°C
J

i | LCL
1 — 36 =993°C




X -Chart for SiO, Growth

Rule 1: A single point outside the u+3o zone.

Rule 2: 2 out of three successive points outside u+2c zone.

Rule 4: 8 or more successive numbers either strictly above or strictly below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase or continuous decrease.

ucL
w+3c=1015°C

Target = 1004°C

! LCL
1 — 36 =993°C




X -Chart for SiO, Growth

Rule 1: A single point outside the u+3o zone.

Rule 2: 2 out of three successive points outside u+2c zone.

Rule 4: 8 or more successive numbers either strictly above or strictly below the mean.

Rule 5: 6 or more successive numbers showing a continuous increase or continuous decrease.

ucL
w+3c=1015°C

Target = 1004°C

! LCL
1 — 36 =993°C




Other types of Charts

X and R chart

X and s chart

p-Chart and np-chart (defectives)
U and c charts (defects)
Individuals Chart

Exponentially Weighted Moving Average
(EWMA) Chart



X-bar R charts for Film Thickness

0.0645
0.0640 uCL
0.0635 -

AN W
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0.0620 \/ LCL

0.0615
0.0610

Thickness

0.0030

0.0020 ucL
0.0010 *\\//\v\/‘\/}/ \VA\'//'\/_ Mean

OOOOO I L D e e

Range
Thickness
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* Most process data follows a Normal Distribution

e Shewhart or Western Electric Rules can be used to determine if a
process goes out of control
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