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e« \Why Fabs Need to be Autonomous

Margins squeezed An aging workforce
Need for highertool New fabs need people
utilisation Low industry appeal
Talent gap ~120k

More complex constraints
More Scenarios .................
Humans can’t keep up

Decisions must be...

made more often, with greater intelligence, and fewer people

w» Flexciton &)seacare
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Decisions must be

Autonomous
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Pc¢  Flexciton Turns Autonomous Vision into Reality

« Aleader in Autonomous Technology in planning and scheduling
for semiconductor manufacturing.

« Proven technology: deployments and projects in front-end and
backend fabs across US, Europe and Asia

« Efficiency gains: 6 - 8% full-fab throughput increase
(scheduling), & - 10% cycle time reduction (planning)

- Expertise: 30+ experts dedicated to wafer fab optimization
« Innovation: 3 patents in mathematical optimization technology

and 100+ publications in the field
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The Production Planning Che




#® Production Planning Should Align Customers Demand with Production

Starts Plan

Customer demand What to start & When

ERP

»

Production Plan
What to process &
When

w» Flexciton &)seacare

Scheduler/
Dispatcher
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Factory floor execution



e Simplified Approach To A Complex Challenge

Starts Plan Commonly Used Planning Methods
Customer demand What to start & When ->Excel Static Capacity Model
ERP > ->Manual Starts Planning
Production Plan »Simple line balancing algorithms + daily human
What to process & interventions
When -»Manual PM and Qual Planning
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Typical Challenges Caused by Static Capacity Approach

Bottlenecks &

Static Starts Plans Line balance & OTD Starvation Excursions

Time consuming to Flow between stages Priorities /production Excursions have

create, may cause not balanced, and not optimal for unknown time to
bottlenecks in the line traded-off with OTD avoiding bottlenecks recovery & unknown
when WIP converges and starvation impact on other lots

Static models also struggle with

Limited visibility future
tool utilisation

Unclear impact of ad-

PM planning Qualification timing S P

w» Flexciton &)seacare

*such as: change in priorities, change in starts plans



Flex Planner & Spotlight

Dynamic Capacity Model & |
Prescriptive Analytics e

< Flexciton &)seacare



== A Novel Approach to Production Planning

Flex Planner

Uses Dynamic Capacity Model to optimise production
plan for next 2-4 weeks

il

.0

«+ Flexciton

Respects the dynamic constraints of the real fab (unlike static
models) and decides how to manage global WIP flow.

Automates wafer starts planning: streamlines a traditionally
manual and time consuming process

Prevents shifting bottlenecks: Uses dynamic modelling to
anticipate constraints

Removes manual firefighting: Automatically adjusts to
changing conditions

Improves recovery predictability: Manages excursion
recovery with clear visibility of downstream impact.



13 A Novel Approach to Production Planning

Spotlight

Applies Prescriptive Analytics to suggests top
proactive actions and quantify them

G FaaROn e — "

Proactively identifies constraints: Highlights emerging
bottlenecks weeks ahead of impact.

Recommends corrective actions: Automatically prioritises '

responses to emerging issues. g
Quantifies impact: Shows how each action affects delivery, —
cost, and quality. -

Visualises the future state: Displays tool utilisation, WIP flow, | ww -
and upcoming bottlenecks. —
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Feet How it works

Flex Planner

Uses Dynamic Capacity Model to optimise production

plan for next 2-4 weeks

Step 0001: ?000_ 0[;'8::%00— 0182::00%_ 112 : 3}00_ 15 [:)?[?0_
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Step 2 8 4

Step 3 15 12

Step 4 10 10 6
Starts Plan Production Plan
Product Starts
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" Tool Schedule
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20:00 -
00:00

Step

Step 1

Step 2

Step 3

Step 4

Spotlight

Applies Prescriptive Analytics to suggest top
proactive actions and quantify them
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rge1s How it works: planning every step of every lot using real capacities
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rge1s How it works: shipment control - What may be late?

Flexciton
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roe1” How it works: shipment control - What may be late?

Track what is expected to be late per
commit week.

v
=

Full list of lots, due dates, how late they |
are (expected vs required velocity),
estimated ship dates, can click to show
related Spotlight actions.

Lot Table
q
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Scenarios Latest Schedule Runway Lot History  Flex Planner

 Filter by area v Search for a stage/aperation
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02 Seagate Technology

* A leader in mass-capacity data storage

= Innovation driven by belief that data holds infinite potential
= Seagate Springtown wafer fab
o Established in 1993, one of two Seagate fabs

o Sits at the heart of the $25B worldwide data storage
industry

o The largest of only 5 facilities of its type in the world

o Supplies around 25% of global demand for read-
write heads for hard drives

w» Flexciton &)seacare



et Seagate Wafer Fab — Level of Complexity

100k complex nano-devices on single wafer
Highly re-entrant process
Multiple internal fab-to-fab transits

5 Flexciton @) seacare



rec2 Production Planning before Flex Planner deployment

Customer Orders >> Fab Objectives
o®e e®e [ 1 1]
Industrial Engineering Production control Industrial engineering
| |
Line balancing Wafer starts & buffer
algorithm management
| 1

A

Predicting wafer ships

Manual wafer start
decisions done in Excel,
manual buffer control

l v l

Adjustment of priorities
based on lateness

Static capacity models +
complex simulation

v

-\
Manufacturing, Equipment and Process

Quals, PM
|

Manual decision making,directions
typically coming from the management
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Factory floor execution
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Manual:
Operators/Technicians
Technicians still making

manual prioritisation decisions



ez Production Planning Opportunities

Improve
velocity

Improve velocity whilst
maintaining or increasing
WIP levels

Avoid
starvation

Reduce idle-no-WIP time
atimportant toolsets

Gain
foresight

Provide decision-
makers with a forward-
looking view of fab
production

w» Flexciton &)seacare

Balance
the line

Prioritize WIP throughout
the line equally, and avoid
WIP bubbles

Take
proactive
action

Identify and quantify
actions should be taken to
improve production

Flatten
priorities

Control WIP flow with
more granularity; no
“quota problem”

Align
teams

Align the actions of all fab
teams towards a common
objective

Protect
racks

Avoid overfeeding racks
(searching time impacts
toolset efficiency)



Page2d AS IS Integration to Local Scheduling & Fab

@SEAGATE

Fab Data Systems
MES, SPC, MRP,

ERP

w» Flexciton &)seacare
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Morning production

Spotlight
Actions

Production Planning
LP Optimization

~in, | Lot-step
priorities

Flex Global
Multi-step Scheduling

Iterative search algorithms

w’. | Adjusted lot-step
© priorities

Flex Local

meetings

Lot schedule

Fab Dispatcher

Toolset Scheduling
MILP Optimization

Flexciton Digital Twin

»
»

APF RTD




rge2s  Flex Planner Deployment

Live @ 50% dial-in

2024 2025
August l Nov Feb May Aug Now
O T %‘»—T T o T O O
First integration test Live @ 100% KPI & success Ongoing New
dial-in measurement change Features
management Development
N v J N J

Further accuracy and feature improvements

(o
(T
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Moves per ‘
time period |

Prescriptive Analytics program ongoing

Fab Moves Delta Across Planning Horizon

Divergenc
e <10%

Modelled

Time
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Workshops

Rapid
Iteration

Algorithm
Validation

.0

. Flexciton

Spotlight Deployment

Series of workshops with key members of
Industrial Engineering, Manufacturing,
Equipment Engineering, Process
Engineering

Product design & functional requirements
rapidly iterated with Seagate internal
deployment team

Algorithm technical design validated against
Seagate’s existing internal tools and manual
analysis

@SEAGATE
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Factory management

Production Planning after Flex Planner deployment

Sets Fab Objectives for Flex Planner

Flex Planner

Automatic prediction
of OTD

OTD prediction based
on dynamic planning
of the whole line

Automatically Wafer starts Buffers built
balanced line

Spotlight

Quals, PM

Line balanced
considering true
factory capacity and

Automated
management of buffer
inventory levels

Automated, optimised
wafer start decisions

Spotlight automatically
recommends which
PMs/Quals to
move/prioritise

factory objective
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Cycle Time vs WIP Level

Overall fab WIP level
over this 5 month
period increased ~16%.

As expected, Planner

dropped CT onto a
lower trendline.

Median Step CT

Can be thought of as
dropping onto a new
operating curve.

Number of active lots M Planner OFF

M Planner ON

ws Flexciton &)seacare
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Early €&— : — Late
I

Percentage of all moves

arm

Number of days ahead or behind plan at target velocity

w» Flexciton &)seacare

Days early/late relative to plan @ target velocity

O

Stdev reduced
30% - Flex
Planner makes
WIP conform to

AT

linear plan
;
5 Num >7d
e behind
S g reduced 10%
I Planner OFF
M Planner ON
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Balance of stages processed at a key toolset

There is no Flex Planner linearity objective - if demand is linear, then moves balance will be too

Balancing
improvement
Integration period added
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Summary

- Flex Planner has been successfully deployed at Seagate Springtown
since October 2024. All planning decisions have been made by Flex Planner
since the end of November 2024.

- Improvements to cycle time (at least 8%), conformance to planned velocity
(stdev reduced 57%), and lateness (-70% over 7d behind plan) have been
observed

- Deployment will contribute to meeting Seagate’s high fab demand, with
median lot velocity in the first two zones improving 15.2% despite 10.3%
higher fab WIP level

- Further improvements expected from deploying wafer starts planning,
production targets interface, and continuing prescriptive analytics
deployment.

w» Flexciton &)seacare
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