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Introduction

The Experiment Management module allows you to define and execute controlled experiments on the shop
floor. This MES capability supports the creation, execution, and tracking of a Design of Experiments (DoE), a

structured methodology used to evaluate the impact of process variations under controlled conditions. In
some engineering environments, a DoE may also be referred to as a Special Work Request (SWR).

A DoE is an applied statistical approach used to plan, conduct, analyze, and interpret controlled tests.
These tests evaluate how changes to one or more process parameters affect a desired outcome and are
commonly used when introducing new products, validating new processes, or optimizing existing ones.

Experiments may involve testing new processes, equipment, materials, instruments, or durable goods.

Tutorial Overview

This document will guide you through the setup of Experiment Management functionalities. It will detail
step by step the set of configurations and user interactions that are needed to create an Experiment
Definition.

Concepts

The main concepts related to the Experiment Management module are described in the table below:

Term / Concept Description

Experiment A structured definition of the specific variations to be applied to a Material or to specific

Definition Material Groups during an Experiment.

Experiment The running Experiment based on an Experiment Definition. An Experiment always requires a
Material.

Objective A goal to be tested by the Experiment Definition, such as cost, yield or performance.

Material Group A group of Sub-Materials that will be subject to some variations together.

Step Material The Steps where Material Groups will be subject to specific process deviations.

Groups

Action A deviation to be applied for a Material or a Material Group at an Experiment Definition Step.

Event The trigger for an Action.

Table: Experiment Management main concepts

The Experiment Management object model is shown below:
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graph TB A1[Material] --- L1[Experiment] L1 --- L2[Experiment Material] L2 --- A2[Material] L1 ===
Main[Experiment Definition] L3[Experiment Definition Material Group] === Main Main === L4[Experiment
Definition Step] Main === L7[Experiment Definition Objective] L4 --- L5[Experiment Definition Step Material
Group] L5 --- L6[Experiment Definition Step Material Group Action] Main --- A3[Flow] Main -.- A4[Product]
Main -.- A5[Product Group] classDef mermaid_title color:#000, fill:#fafafa, stroke:#fafafa, stroke-width:0x,
font-size:100%, font-weight:200; classDef mermaid_start color:#000, fill:#fafafa, stroke:#fafafa,
color:#fafafa, stroke-width:0x, font-size:100%, visibility: hidden; classDef mermaid_businessdata color:#000,
fill:#65CDES, stroke:#65CDES8, stroke-width:0px, font-size:100%; classDef mermaid_nonbusinessdata
color:#000, fill:#B7DEES, stroke:#B7DEES, stroke-width:0px, font-size:100%; classDef mermaid_entity
color:#000, fill:#FB9F53, stroke:#FBIF53, stroke-width:0px, font-size:100%; classDef mermaid_entitylinked
color:#000, fill:#FCD5B5, stroke:#FCD5B5, stroke-width:0px, font-size:100%; classDef mermaid_context
color:#000, fill:#B9CDES5, stroke:#B9CDES5, stroke-width:0px, font-size:100%; classDef mermaid_optional
color:#000, fill:#B7DEES8, stroke:#65CDE8, stroke-width:1px, font-size:100%, stroke-dasharray: 5 5; class
Main mermaid_entity class A1,A2,A3,A4,A5,A6,A7,A8,A9,A10,A11,A12 mermaid_businessdata class
L1,L2,L3,L4,L5,L6,L7,L8,L9 mermaid_entitylinked class C1,C2,C3,C4,C5,C6 mermaid_context class
N1,N2,N3,N4,N5N6 mermaid_nonbusinessdata click Main "../../userguide/business-data/experiment-
definition" click L1 "../../userguide/business-data/experiment” click A1 "../../userguide/business-
data/material" click A2 "../../userguide/business-data/material" click A3 "../../userguide/business-data/flow"
click A4 "../../userguide/business-data/product” click A5 "../../userguide/business-data/product-group"

Experiment Management Lifecycle

There are essentially two core objects that make up the Experiment Management module, as shown in the
image below. The Experiment Definition (shown in blue) is a template from which Experiments can be
created. The Experiment (shown in green) is the actual running Experiment and that must have a Material
associated with it. The Experiment Definition is a versioned object that follows the normal lifecycle of a
versioned object.

Experiment Definition Lifecycle

L Cre_ate 2. Review & Approve 3. Terminate The
B —>  the Experiment Experiment
Definition Definition Definition

(versioned object)

A. Create Experiment
by Assigning e
Material

B. Execyte the (@ Termi_nate The
Experiment Experiment

Experiment Lifecycle

The Experiment object that represents the running Experiment Definition instance and that always
requires a Material follows the lifecycle as shown in the image below and described in the table
immediately after:

graph TD Start -->|"<strong>Assign Material</strong><br>(Material is assigned)"| A1[Created] AT -->|"
<strong>Move Next</strong><br>(Material reaches the first Step of the Experiment Definition)"| A2[In
Progress] A2 -->|"<strong>Move Next</strong><br>(Material reaches the last Step of the Experiment
Definition)"| A3[Completed] A3 -->|"<strong>Close Experiment</strong><br>(Experiment is closed manually
or automatically)"| A4[Closed] classDef mermaid_title color:#000, fill:#fafafa, stroke:#fafafa, stroke-
width:0x, font-size:100%, font-weight:200; classDef mermaid_start color:#000, fill:#fafafa, stroke:#fafafa,
color:#fafafa, stroke-width:0x, font-size:100%, visibility: hidden; classDef mermaid_businessdata color:#000,
fill:#65CDES8, stroke:#65CDES8, stroke-width:0px, font-size:100%; classDef mermaid_nonbusinessdata
color:#000, fill:#B7DEES, stroke:#B7DEES, stroke-width:0px, font-size:100%; classDef mermaid_entity
color:#000, fill:#FBIF53, stroke:#FBIF53, stroke-width:0px, font-size:100%; classDef mermaid_entitylinked
color:#000, fill:#FCD5BS5, stroke:#FCD5B5, stroke-width:0px, font-size:100%; classDef mermaid_context
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color:#000, fill:#B9CDES5, stroke:#B9CDES5, stroke-width:0px, font-size:100%; classDef mermaid_optional

color:#000, fill:#B7DEES, stroke:#65CDES, stroke-width:1px, font-size:100%, stroke-dasharray: 5 5; class
Main mermaid_entity class Start mermaid_start class A1,A2,A3,A4,A5,A6,A7,A8,A9,A10,A11,A12
mermaid_businessdata class L1,L2,L3,L4,L5,L6 mermaid_entitylinked class C1,C2,C3,C4,C5,C6
mermaid_context class N1,N2,N3,N4,N5,N6 mermaid_nonbusinessdata

State Description

Created This is the default state when an Experiment is created by assigning a Material to it. There are

several restrictions regarding which Materials can be assigned to a particular Experiment Definition

such as the Product, the Flow, the Type, the Form as well as the number and form of the Sub-

Materials.
InProgress When the Material reaches the first Step defined in the Experiment Definition it becomes
InProgress.
Completed When the Material is moved out of the last Experiment Definition Step, it becomes Completed.
Closed When the user marks the Experiment as closed, the Experiment is closed. Typically, the Experiment

results are recorded before the Experiment is closed.

Table: Experiment object lifecycle

' Critical
manufacturing 11.3

©® Info

An Experiment Definition can be configured to automatically close the Experiment after the last Experiment Step.

During execution, there are four important events that the Experiment Management module considers

when carrying out actions. These are described in the table below:

Event Description

Queued Triggered when the Material or Material Group arrives at the Step.

Track-In Triggered when the Material is being Tracked-In.

Track-Out Triggered when the Material is being Tracked-Out.

Processed Triggered after the Material has been Tracked-Out (but not yet moved to the next Step).

Table: Experiment management events

Any Experiment Definition Action must always be associated with one of the four events. The execution of

the Experiment by the system is shown in the image below:
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Queued Processed
1. If a Material has an Experiment, 4. After Track-Out, if a Material has an
whenever it arrives to a Step, the system Experiment, the system checks whether it
checks whether there's something to do must perform anything:
for that Step for that Experiment, and if * ChangeFlowAndStep
yes, it performs it: « Temporary Off-Flow
* Split Step « Terminate
* Hold LI

Queued In-Process Processed

Il N DN

2. If a Material has an Experiment
on Track-In, the system applies all
the variations (as defined):

3. If a Material has an Experiment
on Track-Out, the system applies
the variations:

+ SetRecipe i
* SetMeasureAll . g:zs:facég?ltection
+ SetBOM

+ SetDurables

Track-In Track-Out

Some actions require that a split takes place before the action is performed. All splits are defined per
Experiment Definition Step Material Group and will be evaluated and performed when the Material arrives
at the Experiment Definition Step.

@ Note

At every Experiment Definition Step, there must be one Material Group that is not Split, that is, its Split Type must be
None.

Split Type Description
None No split is performed.
Logical The Material Group is logically split in the system automatically, even though physically it will

remain together. There are three types of physical splits:

- For Current Step - a temporary split where the Material Group is merged back at the end of the
current Step (in state Processed).

- For Multiple Steps - a temporary split where the Material Group is merged back at another Step
further ahead in the Flow. In this case, it is necessary to provide a merge point, that is, the merge
Flow Path. And also the merge state.

- Permanent - in this case, the Material Group is split permanently and will not be merged back
again.

Physical The Material Group is split logically and physically. There are three types of physical splits:
- For Current Step - a temporary split where the Material Group is merged back at the end of the
current Step (in state Processed).
- For Multiple Steps - a temporary split where the Material Group is merged back at another Step
further ahead in the Flow. In this case, it is necessary to provide a merge point, that is, the merge
Flow Path. And also the merge state.
- Permanent - in this case, the Material Group is split permanently and will not be merged back
again.
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Table: Experiment Material Group split types

Demo Scenarios

An Experiment consists of well-defined process variations, such as a different Recipe or different BOM,

intended to test the effect of that change, which is typically made under a specific control group (set of lot
sub-materials).

In this tutorial, we're going to explore two different experiments:

® First, we will explore a conventional experiment in which a lot composed of multiple sub-materials
undergoes a recipe test and is split at an experiment step. Each resulting split follows a similar
experiment flow and is merged back into the original lot after the experiment results have been
captured.

® Second, we're going to explore a more demanding scenario where MES will track different entry and

exit material groups that will be under process in a specific Experiment Definition Step and some of the
experiment splits will be deviated from its original flow.

Simple Scenario: Coating Recipe Test Exploring Containment Actions

In this DoE, the lot will undergo recipe tests for engineering purposes. The process will start with a split
action in the first step where the resulting splits will be tested with two different recipes. Both lots will
proceed independently through the process flow until the final step, where they will be placed under
containment. Once released, they will be merged back into the original lot.

SPECIFICATION DOE OVERVIEW
@ Wafer Size : 300 mm A e Test Parameter : Coating Recipe
@ Material : Reconstituted Wafer * Test Recipes : Recipe A vs Recipe B
@ Lotsize : 6 Wafers * Split Plan : 3 Wafers + 3 Wafers
(&) Critical Parameter : Photoresist Thickness Uniformity * Merge Point : After Cure_1L_AOI1 (Hold)
Acceptance Criteria  : Within Spec per Engineering Plan L * Notification : Email on Hold Trigger
Original Lot n coating_1L
LOZ—\ZO{E—ON Apply photoresist using Recipe
arers . . .
------ J DOE SPLIT | (Split Point — DOE begins)
- L g a expose_1L
I Lithography exposure
A 4
DOE Branch A DOE Branch B B developer_1L
Recipe A Recipe B Develop the exposed resist
3 Wafers 3 Wafers
@ insprOLI
[ B expose_1L ] B  expose_iL In-line inspection after develop
Is ¥ N\ e - —>
a developer_1L B developer_1L J B Cure_1L_AOI1
p ¥ - ¥ \ Post Cure + AOI inspection
a e 3 a i J (Hold Point - Await both branches)
‘B cue 1L Aol (@ cure_iL_aon | LEGEND
- ; .
HOLD + EMAIL HOLD + EMAIL W) Main Flow Sequence
0 Material on Hold 0 Material on Hold e4e DOE Split
Email Nouﬁcanon Triggered Email Notvﬁcauon Triggered ®

DOE Branch A (Recipe A)

DOE Branch B (Recipe B)
Continue to next

DOE MERGE » RDL Process Steps
Recreate Original Lot (RDL Layer 2...)

LOT-DOE-001

Hold + Email Notification

DOE Merge (Recreate Original Lot)

©0 | |

6 Wafers

Advanced Scenario: Developer Recipe Test Exploring Mixed Control Groups

In this second DoE example, the lot will undergo recipe tests, but the control samples that result from the
Material Group splits after the recipe tests will consist of a specific wafer from each tested lot. Only one of
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the control groups will undergo inspection and rework processes, while the other will continue through the
standard flow until the final process step, where both groups will be merged.

SPECIFICATION

@  wafersize : 300 mm + DOE Start Point
© Material : Reconstituted Wafer « Split Rule
| @ Lot Size (nput) : 6 Wafers « Reassign Rule
‘ (3) DOE Type : Split / Reorder / Rework o Rework Trigger
| Acceptance Criteria  : Per Engineering Plan g

DOE OVERVIEW
: Developer_1L
: Split#1 = {1,3,5) , Split#2 = {2,4,6} (Entry)
: After Developer_1L exit ->
Split#1 = (1,2,4}, Split#2 = {3,5,6}
: InspRDL1 Fail on Split#2
: RW_RDL_1LDOE (Repeat DOE)

Original Lot
LOT-DOE-002
6 Wafers

—
|

Coating_1L
B ExposeiL
[ B} Developer_1L (DOE START - SPLIT) ]
| Atstep ENTRY >
Split#1: {1,3,5) remm————— e \
Split#2: {2,4,6) Y
Split #1 (Entry) Split #2 (Entry)
Wafers: {1,3,5) Wafers: {2,4,6)
3 Wafers. 3 Wafers
E\ 3 |
e
At Step EXIT = -
(Reorder Rule Applied) Spli: #1 (Exit) :}:« nz[gs;ns)’
4 Wafers: {1,2,4} fers: 3,5,
SPIKE1-H([;2.4) 3 Wafers 3 Wafers
Split#2: {3,5,6)
860 ©6 8
3 v
[ B3 1nspRDL1 (Inspection) }
split #1 ) Split 42
(Inspection Result) (Inspection Result)
PASS FAIL
T

MERGE
Back to Original Lot
LOT-DOE-002 (6 Wafers)

|
[

REWORK FLOW |
RW_RDL_1LDOE
(Repeat DOE to recreate
RDL Layer 1) ‘
Input: Split #2 (Fail Lot) ‘
Wafers: (3,5,6}

| Coating_1L
(Rework )
B  Expose_iL
(Rework )

InspRDL1
(Rework )

B cure_1L_A0N
(Rework)

LEGEND
= Main Flow =~ Pass Flow
—» Rework Flow — Fail Flow
--»  Split Flow

==+ Rework Return

PRODUCT FLOW STRUCTURE
@ Main Flow

RDL Process (FO_RDL_1L-DOE)

]
LO RDL Layer 1 Flow

B cCoating_1L
B3 Expose_1L
{88 ompr L} o
+- @ InspRDL1

wef@ Cure1L_AON

REWORK FLOW STRUCTURE

RW_RDL_1LDOE (Rework Flow)
(Repeat DOE Flow)

B Coating_1L
Expose_1L
Developer_1L
InspRDL1

Cure_1L_AOI

Wafer

Process Step

DOE Split/Start Step
Rework Process
PASS Result

FAIL Result

00 e

3|
2
4
4

PAIL

b Tip

To continue learning, see Configuring an Experiment Definition.
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Legal Information

Disclaimer

The information contained in this document represents the current view of Critical Manufacturing
on the issues discussed as of the date of publication. Because Critical Manufacturing must
respond to changing market conditions, it should not be interpreted to be a commitment on the
part of Critical Manufacturing, and Critical Manufacturing cannot guarantee the accuracy of any
information presented after the date of publication. This document is for informational purposes
only.

Critical Manufacturing makes no warranties, express, implied or statutory, as to the information
herein contained.

Confidentiality Notice

All materials and information included herein are being provided by Critical Manufacturing to its
Customer solely for Customer internal use for its business purposes. Critical Manufacturing retains
all rights, titles, interests in and copyrights to the materials and information herein. The materials
and information contained herein constitute confidential information of Critical Manufacturing and
the Customer must not disclose or transfer by any means any of these materials or information,
whether total or partial, to any third party without the prior explicit consent by Critical
Manufacturing.

Copyright Information

All title and copyrights in and to the Software (including but not limited to any source code,
binaries, designs, specifications, models, documents, layouts, images, photographs, animations,
video, audio, music, text incorporated into the Software), the accompanying printed materials,
and any copies of the Software, and any trademarks or service marks of Critical Manufacturing
are owned by Critical Manufacturing unless explicitly stated otherwise. All title and intellectual
property rights in and to the content that may be accessed through use of the Software is the
property of the respective content owner and is protected by applicable copyright or other
intellectual property laws and treaties.
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All other trademarks are property of their respective owners.
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