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MagiclLeap
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Up to 7/0° FOV

Best image quality

Color uniformity

Dynamic dimming
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High yield (RTY) and process capability

using JMP statistical tools

~ Process Capability
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The optical lens is a critical component of Magic Leap 2, enabling Pok
best-in-class image performance

e The optical lens goes through 25+ complex
processes and metrology stations during the
manufacturing process

e Itis tested over 100+ critical-to-quality (CTQ) 3
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e Each individual process needs to reach high 99%
yield targets to attain 90% Rolled Throughput Yield i
(RTY) targets . ===
e The process requires extremely precise fault “ e
detection, which JMP tools have helped us monitor

and analyze
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Precise placement and
alignment

e High-vyield process that achieves 99%+ RTY on 22
CTQs or KPIs

e The Lithography patterning operates between tight
control limits

Less than 20 nanometer film thickness

Less than 1 arcmin rotational alignment

Less than 100 micrometer drop placement

Less than 500 micrometer template alignment

e The tolerances are extremely small (for reference
Human hair is 20 to 100 um)

O O O O

Imprint Lithography requires precision placement and alignment
that are indistinguishable to the human eye

MagiclLeap
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— UV blanket
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Step 4: Polymerize imprint fluid with UV exposure
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Step 6: Flip the wafer and repeat all the above

Figure: A unique Imprint Lithography process that involves
precise wafer placement, resist drop placement, and
alignment
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Change point dashboard optimizes
problem-solving process

Define Measure Analyze Improve Control

e 8D problem e Goal plots e Fish-Bone diagram e DOE and Prediction e Control charts
statement e Process capability e Pareto plot profiler o T{me series
e Project Charters e Process stability e Multivariate methods e Response screening dlagnostlc§
e Goal plots e Summary tables e Correlation Matrix e Process capability o ghangg point
etection

Change point Dashboard makes our control phase efficient

Escalation before Change point control chart dashboard Escalation after Change point control chart dashboard
1. Operator monitors yield dashboard and identifies the yield loss 1. Operator and Technician monitor change point dashboard on shop floor
2. Operator reports to technician to looks into faults 2. If changes found, they look into correlation of inputs with before and after
3. If Tech unable to resolve, escalates to Engineer change and diagnose the issue
4. Engineer analyzes control charts data using control charts alarms and trends. 3. Implement corrective actions
Manually joining the outputs and inputs correlation
5. Engineer diagnoses the fault Easy transition to our TPM model where operators, technicians, and engineers are all
6. Engineer implements corrective actions coming together to minimize faults
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Journey from traditional control charts to
change point detection dashboard

Evolving from “yield is below baseline today” to “no changes(variation) found in the process”

Traditional
Control Charts

Model Driven
Multivariate

Multivariate &
Correlation

Change Point

Detection

e Time series and part-ids e Multivariate - monitoring e CTQs-to-inputs e Excellent in detection of
e Monitoring many charts many CTQs together correlation abrupt drifts
e Manual correlation to e Has CTQs-to-inputs e But no time series e No CTQs-to-inputs
inputs to CTQs correlation e Missing the abrupt drifts correlation
e But no time series e But no time series
sdaka del v Sain T

Regression/
Cause & Effect

-  Correlations Change Point Detection
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Visualize the exact moment a change occurred
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Use Case 1

Introduce and validate a known change

| * Multivariate Control Chart
AT Square with All Principal Components

4 « Histogram 4 = Histogram
LSL Target USL D LSL Target Ust

T — 100 150 200 29
06 04 02 02 04 06 -0.6 04 04 06 Sample
Overlay-T Overlay-T
Note: UCL is calculated based on Alpha=0.05
4 Within Sigma Capability 4 Overall Sigma | < Within Sigma Capability < Overall Si > Principal Components: on Covariances
Index Estimate Lower 95% Upper95%  Index Estimate Index Estimate Lower 95% Upper95%  Index Es 4 Change Point Detection
Cpk 1339 0979 1.700 Pok 1.164 Cpk 2361 1.964 2.759 Ppk 1
Cpl 2224 1,641 2804 Pyl 1.933 Cpl 2414 2008 2818  Ppl g 8 s
Cpu 1339 0.980 1697  Ppu 1.164 Cpu 2.361 1064 2758  Ppu 2 °
Cp 1.782 1321 2241 Pp 1.549 Cp 2388 1991 2783 Pp % 4
Cpm 1072 0.906 1239 Cpm 1.015 Cpm 2.380 2070 2.69%0 Cpm L 2
0
0 50 100 150 200
Row Number
The change point appears at row 152.
‘I Low Cpk : 2 Adjust the mean shift by 3 Validate the change using
o Mean shift « adding an offset o change point detection
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Use Case 2

FiInd abrupt drifts iIn metrology tools

4 = Variability Gauge ~ Multivariate Control Chart
4 Variability Chart for Pattern-Drop-T AT Square with All Principal Components
0.05
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0.03 I
=
Q.
S 002
D o
: 3
& 00
-
0
0.01
-
002 I
Bt T E TR T E B | seestonim ||\|||\||g|mm||u!!!}!!||
w w w w [or) w w ws' Hi
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S | <2 | < | < | < | < | | < e | i
) — - _J‘ — - - _J.
2 © 2/ 2|/ @ @ © ©°
o = = = < Pas B <
v v Vi WV ("2} v Vi WV
4 Gauge R&R
Measurement Variation % of . - 3
Saiian (6*StdDev) Tolerance which is 6°sqrt of MNote: UCLis calculated based on Alpha=0.05
Repeatability (EV) 0.08190096 8.19 Equipment Vanation V(Within) — =
Reproducibility (AV) 0.00000000 0.00 Appraiser Variation 4 PI'II'ICIPEII CDI‘I‘IPDI‘IEI‘ItS: on Covariances
Gauge R&R (RR) 0.08190096 8.19 Measurement Variation V(Total)-V(SerialNumber) Eigenvalue Percent 20 40 60 80 Cum Percent ChiSquare DF Prob=>ChiSq
Part Vanation (PV) 0.03143772 3.14 Part Vanation V(SenalNumber) 0.0142  100.000 | 100.000 0.000 0.000
Total Variation (TV) 0.08772740 8.77 Total Variation V(Total) N i : i :
6k Eigenvectors
93,3585 % Gauge R&R = 100*(RR/TV) ColorUniformity  8.36159
260518 Precision to Part Vanation = RR/PV
0 Number of Distinct Categories = 1.41*(PV/RR) Note: Eigenvectors were divided by square root of eigenvalues.
A, 4 Change Point Detection
0.5 USL
1 Tolerance = USL-LSL 2.5
0.0819 Precision/Tolerance Ratio = RR/(USL-LSL) g 20
Using last column ‘SernalNumber’ for Part g 15
4 Variance Components for Gauge R&R = 10
Var E 05
Component Component % of Total 20 40 60 80 =
Gauge R&R 0.00018633 87.16 0
Repeatability 0.00018633 87.16 0 200 400 600 800 1000
Reproducibility 0.00000000 0.00 Row Number
' Part-to-Part 0.00002745 1284 _
The change point appears at row 359,
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Use Case 3

Detect and diagnose faults with ease

MagiclLeap

1

-
- *¢ Multivariate Control Chart
4 Correlation
Overlay-T Ow:fla, -X Owerlay- \
Overay-T 1.0000
Overlay-X ' 1 0000
Overlay-Y ’ 1.0000
3 rows not used due to missing or exciuded values or frequency or
weight variables missing, negative or less than one
4 Change Point Detection
n 12
% % u* WV
2 08 \
@ o~ \o
T 04 ""A\ 3
0
0 50 100 150 200
Row Number

The change point appears at row 33

- *¢ PCA Mode! Driven Multivariate Control Chant

4 Monitor the Process

4 = T? for 13 Principal Components
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Clear Favorites
v Show |/ Include

32 matching rows

Inverse
- Phase (3) :
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-

4 = Local Data Filter

Clear Favorites v
v Show |/ Include
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126 matching rows

Inverse

- Phase (3)

Before_Change

Change_Point_1
Change_Point 2

AND
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~N
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o

42

£ Correlations

Overlay-T
Overlay-X
Overlay-Y

¥ Multivariate

Film_Distortion_Y

Input-1

Input-2

Input-3
Input-4

Input-5

Input-6

Input-7

Input-8

Input-9

Input-10

Input-11
Input-13

Input-14

Input-15

Input-16
Input-17

Input-18

4 Correlations

Overlay-T
Overlay-X
Overlay-Y
Film_Distortion_Y

## Multivariate

Input-1

Input-2

Input-3
Input-4

Input-5

Input-6

Input-7

Input-8

Input-9

Input-10

Input-11
Input-12

Input-13

Input-14

Input-15

Input-16
Input-17

Input-18

Overlay-T Overlay- X Owverlay-Y Film_Distos
1.0000
1.0000
1.0000

Overlay-T Overlay-X Over!ay anm _Distot
1.0000

1.0000

1 1.0000
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Putting JMP tools In action

Demonstration using Boston housing.jmp,

=) » Program Files > SAS » IMP > 16 » Samples > Data
Sample data set found here:

&,

Name Date modified

'if Body Fat 9/10/2020 6:00 PM
"if Body Measurements 9/10/2020 6:00 PM
'._'ﬁ Boston Housing 12/15/2020 6:00 PM
'if BoxCox 11/19/2020 6:00 PM
'if Bullet Measures 9/10/2020 6:00 PM
'if CancerT 11/19/2020 6:00 PM
8l rancar? 11/1Q/2020 A:N0 DM

MagiclLeap Not for distribution. Copyright © 2022 - Magic Leap, Inc.
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Use Case 3

Detect and diagnose faults with ease

MagiclLeap

1

-
- *¢ Multivariate Control Chart
4 Correlation
Overlay-T Ow:fla, -X Owerlay- \
Overay-T 1.0000
Overlay-X ' 1 0000
Overlay-Y ’ 1.0000
3 rows not used due to missing or exciuded values or frequency or
weight variables missing, negative or less than one
4 Change Point Detection
n 12
% % u* WV
2 08 \
@ o~ \o
T 04 ""A\ 3
0
0 50 100 150 200
Row Number

The change point appears at row 33

- *¢ PCA Mode! Driven Multivariate Control Chant

4 Monitor the Process

4 = T? for 13 Principal Components
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4 « Local Data Filter

Clear Favorites
v Show |/ Include

32 matching rows

Inverse
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126 matching rows
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£ Correlations

Overlay-T
Overlay-X
Overlay-Y

¥ Multivariate

Film_Distortion_Y
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Film_Distortion_Y

## Multivariate
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1 1.0000

Not for distribution. Copyright © 2022 - Magic Leap,

15



Using Pearson’s Correlation
Coefficient to understand root causes
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Detecting and diagnosing
faults at same time using
change point dashboard

e JMP’s change point detection dashboard has been extremely helpful on
the MFG shop floor to easily determine abrupt changes (faults)

e Integrating change points into traditional control charts gave us better
visual understanding on the shop floor

e The dashboard'’s ability to demonstrate correlation of inputs and CTQs
helps us diagnose issues faster

e We are then able to prevent future faults by understanding the root
cause of changes

e Change point detection can be used in ANY time series data analysis
through JSL scripting






