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Factory Process Performance Overview (Capability vs. Stability)
% Process Capability & Stability are both extremely important aspects of any manufacturing process

> Process capability is a measure of the ability of the process to meet specifications

> Process stability refers to the consistency of KPIs over time

> There Is no inherent relationship between process stability and process capabillity

< Proposal:

Monitoring factory processes using process performance plot (capability and stability)
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Process Screening for Process Capability/Stability Improvement

 Utilizing process screening tool to identify unstable processes
 Deploy control charts to monitor and improve process capability and stability

~ Process Screening ~/Control Chart Builder Process_Tool_A ~ Control Chart Builder Process_Tool_B
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Process Capability Analysis Outlier Removal Method

% Cpk calculation changes dramatically due to outliers especially when sample size is small

> QOutliers (special cause) can add bias to process capability analysis

> Apply outlier removal method to remove outliers

< Options in JMP “Analyze/Screening/Explore Outliers” to exclude the extreme values

Quantile Range Outliers

Robust Fit Outliers

Multivariate

Robust PCA Outliers

K Nearest Neighbor Outliers

Identifies outliers using the quantile distribution of
the values in each column.

ldentifies outliers as values far from the center with
respect to scale, using robust center and scale
estimates.

Identifies outliers in the residuals of a robust
decomposition of the data into a low-rank matrix
and a sparse matrix of residuals. This approach can
also impute missing values.

Identifies outliers based on distance to each
observation's nearest neighbor.

Tail Quantile 011Q| 3

KSigma| 4||Huber v

Lambda | 0.02 | [V] Center

K E Impute Missing
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Process Capability Analysis Outlier Removal Method - cont’'d
< Quantile Range Outliers method uses the quantile distribution to exclude the extreme values

~ |CG Total Err

Target

:F o o o0

Outliers

~ Explore Outliers
»Commands

4 Quantile Range Outliers

Outliers are values Q times the interquantile range past the lower and upper

quantiles.
Tail Quantile 0.1
Q 3

Select columns and choose an action.

Identify Outliers in Table

Interpercentile Range = 90% Percentile - 10% Percentile
Low Threshold = 10% Percentile - 3*Interpercentile Range

High Threshold = 90% Percentile + 3*Interpercentile Range

[_] Restrict search to integers
Show only columns with outliers

Rescan

Close

Select Rows IColor Cellsil\

Process Name

Process_1
Process_2
Process_3
Process 4
Process_5
Process_6
Process_7
Process_8

Process_9

| Process_1 Process 2 | Process_3 Process 4
EXC|Ude ROWS C0|or ROWS 2939 68.516342163‘ 110.0870285. 113.29117584’ 130.67753601
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10% 90% Low High Number of
Quantile Quantile Threshold Threshold Outliers Outliers (Count)
28 34 10 52 2 0(2)
26 33 5 54 2 0(2)
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2.582 2.616 2.48 2.718 1 32.589
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*» Cpk values remain equal or better post outlier removal CoK Green Cpk > 1.5
Red Cpk <1.0

¢ Quantile range outliers parameters can be tuned if necessary
With Qutliers Without Out//ers

Within Sigma Capability Summary Report 4 Capability B“ox ?Iot's 4 Capablhty Box Plots
Process Name Product Spec Within "_“H' Process_1 \N.ithin ‘$ Process_1
LSL Target USL| Sigma  Cpk Cp g A Process_2 Sigma  Cpk Cp : : Process 2
Process_1 05 0 05| 0094 NG G . T Process_3 0.095 [NALZ5 7Sl t T & Process_3
Process_2 -0.1 0 0.1 0.013 - ""—CD_' Process_4 0.013 __ .- Process_4
Process_3 201 0 01| 0002 INEER e Process_5 0.003 326 330 i Process_5
Process_4 001 0 001 | 0001 IN2S INDE3 o Process 6 0.001 N6 DS = Process 6
Process_5 -0.05 0 005 0016 104 106 e Process_7 0016 102 105 = 5 Process_7
Process_6 -0.05 0 005| 0016 106 106 e Process_8 0016 106 1.06 [ Process_8
Process_7 -0.05 0 005 0011 144 ISR o Process_9 0011 | 143 INS6 N Process 9
Process_8 0 24| 2199 130 L o Process_10 2168 134 E [ Process_10
Process_9 0 0025 0004 INEEE e Process_11 0.004 . [ Process_11
Process_10 0 0025| 0003 N2N4 e Process_12 0.003 24 Lo Process_12
Process 11 0 0.025 0.003 - - a—m—n .o Process_13 0.003 - . Q—:m—n oo Process 13
Process_12 . 0 0025 0004 INGES | e Process_14 0.004 IES | - Process_14
Process_13 0.7 0.9 11| o060 NGBS 111 ¢ = >®ee oee | Process 15 0060 NOBZ 111 ° @ ~eo—We Process_15
Process_14 0.55 07  085| 0006 NGAS INT80 - e cow o Process_16 0.006 ING46 781 o ot Process_16
Process_15 1 1.5 2 0.112 YR Process_17 S Process_17
Process_16 7175 7675 8175  0.101 oo Process_18 - Process_18
Process_17 15909 16409  16.909 0.015 : R Process_19 1o Process_19
iccEseRllS 2408 2558 2708 |  0.011 EE3 i Process_20 - Process_20
Process_19 1787 1887  1987| 0010 NSNS e b - Process_21 e Process_21
Process_20 . 0 360 | 28.996 _ gt Process_22 N Process_22
Process_21 13 28 50|  1.765 o e s Process_ 23 ctlivect o Process_23
Process_22 13 28 50 2.310 o ‘o i e o Process_24 o o T ot Process_24
PFOCGSS_23 13 28 50 2.157 .36 —2 0 —1V.5 —1V.O —(;.5 00 05 1..0 1.-5 20 3.16 -1..5 | -1?.0 | -(;.5 | O:O | OfS 1:0 | 1;5
Process_24 13 28 50 3.033 Standardized using Spec Limits Standardized using Spec Limits

IMP® Discoverv Summit 2027




magic leap

Process Performance Monitoring Process Flow
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Manual Process Flow:

Quality data query

per module by I\(gi?l?eil Manual FI\,/: 2222“3 Generating _.| Repeat per PEQ
individual process Removal Merge Performance Report build
owner
Automated Process Flow: P ’
. < i
Quality _data query Auto Outlier Auto Standard S'_mple Query Local Data Filter and
all-in-one 1 Removal sort/split/ Report Filter Update | additional functions
(raW data + Specs) spec/plot P per PEQ Build can be added easily

Automated Scripting Process - Anyone can run it in minutes
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Key Scripting Components for Process Capability Analysis

Split raw data table for process performance plot

Outlier Removal using Quantile Range Outliers Method

// Split data table
// - Data Table( "ML_Process Split" )
dt_ML_Process Capability Split = dt ML_Process_Capability << Split(
Split By( :Process, :TestlLabel ),
Split( :TestValue ),
Group( :SerialNumber, :DateTime D,
Output Table( "ML_Process_Specs Split" ),
Remaining Columns( Drop All ),
Sort by Column Property

)5

Launch Process Capability Analysis

// Add Process Capability to dt ML_Process Capability Split
dt_ ML _Process _Capability Split << New Script(
"Process Capability”,
Process Capability(
Process Variables(
// Hidden due to ML policy]
) >
Spec Limits(
Import Spec Limits(
dt_ML_Process_Specs
)) s
Moving Range Method( Average of Moving Ranges ),
Within Sigma Summary Report( 1 ),
Overall Sigma Summary Report( 1 ),
Process Performance Plot( 1 ),
Goal Plot( ©, Show Overall Sigma Points( © ) ),
Capability Index Plot( 1 ),
Process Performance Plot( 1 ),

// Get column names from dt ML Process Capability Split
colsToScreen = dt_ML_Process_Capability Split << Get Column Names(Numeric, "Continuous");

// Screen for outliers using Quantile Range Outliers method
OL_Platform = dt_ML_Process_Capability Split << Explore Outliers(Y(Eval(colsToScreen)),
Quantile Range Outliers( 1 ), Show Only Columns With Outliers(1), Invisible);

// Using the report to find the columns that have outliers

OL_Rep = Report(OL_Platform);

dt _OL_Rep = OL_Rep[TableBox(1)];

colList = OL_Rep[StringColBox(1)];

// Loop over the columns with outliers

nCols = NItems(collList << get);

for(i=1, i<=nCols, i++,
// Select this column (described by a row in outlier screening report)
CMD = Expr( dt_OL _Rep << setSelectedRows({colTBD}) );
SubstituteInto(CMD, Expr(colTBD), Eval(i));
CMD;
// Cells that were considered outliers are changed to missing
OL_Platform << ChangeToMissing(1);
//0L_Platform << ColorCells(1);
)

OL_Rep << closeWindows;|
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Conclusions

Analyzing process performance data using JMP is super critical to drive yield improvements in modern

factories with many process and metrology steps to ensure healthy product lines and high quality products

Analysis of performance data, including long-term and short-term process capability, stability and statistical

process control is particularly useful when monitoring hundreds of process KPIs retrospectively

During the production ramp-up phase, identifying the processes of most concern is highly challenging and
using JMP scripting and quality data analysis, Magic Leap’s Eyepiece Manufacturing factory implemented an
automated process which can pull, analyze, visualize, correlate, predict and verify factory yield improvement

based on a variety of performance metrics

Magic Leap’s Eyepiece Manufacturing Factory demonstrated >90% RTY 6 month ahead of ML2 product
launch driven by continuous process improvement activities guided by automated process performance

analysis using JMP scripting and quality platform tools
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