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PV Manufacturing Lines Planning and Optimisation

with InFrame Synapse Simulation Library and AnyLogic

Laurentiu Maniu, acp-IT AG



Information
Technology

acp

acp-IT's Expertise in Logistics & Digital Factory IT

Product Data Management (PDM) Advanced Planning,
Factory Life Cycle Management Scheduling, Dispatching

IT Integration

Digitale Fabrik

Capacity, Material Flow
and Layout Planning Performance Evaluation
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Simulation Services

Simulation based planning of manufacturing lines

" resource capacity planning | —
= material flow analysis & layout planning . =
= planning of storage and transportation processes - _’*n e

= emulation of lines for the testing of factory control software fomm i i

= ramp-up simulation

= development of modular components for equipment &
material handling

= inbound and outbound logistics with infrastructure,
warehouse (raw material, finished goods, handling of glass etc.)

Simulation based optimization of existing manufacturing lines
= performance evaluation based on log data

= development and continuous measurement of key performance indicators such as
overall equipment efficiency (OEE)

= bottleneck detection
= optimization of material flow policies
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Potential Benefits of Manufacturing Simulation

Material Supply
Planning
B Safety Levels

Early Bottleneck
Identification,
Line Configuration

Production Volume

Time-to-Volume

® Risk Analysis,
Data for Total Cost
of Ownership

Time

Appropriate
® Throughput Max. !

N
Planning Phase Ramp up Phase Volume Production | NeW Technology /
Capacity Expansion

Line Simulation | Detection of | Output Estimation

. with MES . Efficiency . in Transition Phase
. ® Shortening | Potentials . B Optimized
MES Integration | B Cost Reduction | Capacity
! . Adaptation

Maintenance
Scheduling

» Verification of
Higher Line
Efficiency

Vv

Time
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Application of the InFrame Synapse Simulation Library
based on AnyLogic Ver. 6

acp-IT has built a powerful Fab simulation suite, oriented on easy modeling, flexible experiment

configuration, fast simulation and reliable performance analysis M
W
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Layout Planning for Thin Film Manufacturing Lines

Flow line with conveyor transport

- Substrate queuing in front of critical process steps
(= need for several buffering elements)
+ high transport throughput possible

Job shop layout with central transport (handling unit)

A\ 4

»
»
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- Central transportation can become the bottleneck
+ More process flexibility & process capacity extension easier

» Analysis of flow dynamics requires simulation!

Example layouts from
equip. suppliers

Sunfab
(Applied Materials)

Turnkey solar factory
(Centrotherm)
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The Way to the Base Model ...

0 Process Step Modeling

*Model all process steps & times for each product.
-> Capture all throughput dynamics from the equip.

e Capacity Check

Simulate with factory load (substrate start rate)

—>Enough equipment capacity?

—~>Number of equip. for each equip.-group

e Mat. Handling Modeling
Model material flow between process steps

—>Equip. for execution of transport & mat.handling steps
—>Buffering elements
—> Configuration of complex material flow policies

a Throughput Check

Verify overall throughput
—> process & transport & material handling

Information
Technology

acp

for a Thin Film Mfg. Model

Seam, wash, laser scribe, PECVD,
Laser scribe, PVD, ...

Seam -2 1 Equip.
Wash -2 1 Equip.
Laser Scribe > 3 Equip.
PECVD - 2 Equip. (7 chambers)

Conveyor and robots, transport speeds,
spacing, transport capacity, location of
buffers, substrate routing policies

(look ahead), queuing behavior ...

gridlock free substrate routing

cycle time, throughput,
equipment utilization,
max. buffer WIP, ...
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Modelling of Thin-Film Manufacturing Line based on InFrame
Synapse Simulation Library and AnyLogic

|@2 PVLib2D-Ver1.09 - Simulation - Mozilla Firefox E]

Elle Edit “iew History Bookmarks Tools  Help

- @ ﬁ L File:fffC: /Dokumente®: 20und® 20Einstellungenirgs. ACP-1T/Desktop/ Applet_aktuell_PYLibfPYLbZD-Yer1,09.html ~| B ' 4
i

I ] o Bd|E are g | wew | Of BE roat:Demaline ~| D
¥ (%) B Ble|l @ MG E ]|

¢ ! E H i multi-chamber
S Orage PE-CVD1 PE-CVD 2 prOCeSS Steps

with | = = ° | mEng M
d is patC h _ ‘nlli!lr Initial N !
strategy b i 1 EQJD i
. | |
oo

. .
Bge f aaaa‘aaaaaaam -E*{E‘?
a Tm M Storage 1 - i
; I o |m= ||[ ® i [ material
E e, handling unit
[ ] ] R
e || |[e] with state

Storage 3 statistic

18

statstc
aro O;m 126 mz_l
- i B !E 3 oy ! LS | | &
» o = m mm = ol !
inline P i
Stocker 4 Gridge: i
storage =, , assembly
. l?‘”ﬁlrrr?rrr?gz:j - — a2 " == process
e ' B C steps
i 174 — [7.349] i !
= Sac .
. . Good Units Out @ @@@ o . { -
H ool : . )
consideration of e E ‘ ' batching equipment

with loading policies

yield

© acp Information Technology AG | 19.04.2010



s

S =
-0
= 2
Eg
S <=
=
= -

Drag & Drop Modelling and Easy Linking of Library Objects

routing function
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Drag & Drop Modelling of Logical Library Objects and
Drag & Drop Positioning in Factory Layout

logical modelling
in block diagram
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animation of material flow and

relocation in layout
independently of the flow logic
— adaptable built-in-animation
for the library objects D !
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Drag & Drop Modelling of Complex Process Flows
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Simulation Clock — Relative and Absolute Time with the
Consideration of Shift and Work Calendars

[@ PvLib2p-ver1.09 - Simulation - Mozilla Firefox WEX]
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Online Charts for the Monitoring of Line Performance Metrics
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Online Charts for the Analysis of Single Components
here: Charts and Reports for the Dimensioning of Storage Systems

Inventory (WIP)
in Storage

4447 7 AA4447z aza
7 7 7|7|7;'a|7_53T_
glalels,0377,946 #:48

7
LEEEEULE
Storage 3 statistic
[r643] {r.040
QA & Shunt| [7.991 Final Seam &
Riamoawval Edge Daletion

_ I s L

© acp Information Technology AG | 19.04.2010



s

S =
-0
= 2
EE
S <=
=
= -

Drag & Drop Configuration of Statistics and Reports

Database Formater
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Specific Resource State Models
here: State and Event Model for a Laser Scribe Equipment
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Detailed Modelling of Timing Behaviour
Unscheduled Down Specification for Equipment and Chamber Level

utilisation of

. down event for
equipment

process chamber
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Complex Material Handling Systems
here: Simulation of Central Handler with multiple Stacker Cranes

2 Stacker Cranes on
the same rail

Scheduling algorithm to
determine optimum
movement of the cranes
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Equipment Parameters Imported Directly from Databases
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® Capacty : 1

# CoolingTime : null

eventMessageDispatcher

==

Log

=~ JJ ProcessSpec

# mtbel: nul

# mtbe2 : null

# mtbe3: null

— #® mtbfl: 2.749716E7

#® mtbf2: 1.792008E7

# mtbf3: 2140920.0

# mtbf4: 1901520.0000000002
#® mtbf5 : 3476160.0

Runtime View of

m

Database

dataBaseFolder
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& ProcessingTime

® processingTime
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Using Simulation Results for a TCO Analysis

= Variability in Material Supply &
Safety Levels

TCO: Total Cost
of Ownership
FC: Fixed Cost

= WIP Timeline, Inventory Statistics

RC. Running Cost
YC: Yield Cost
L: Lifetime

= Buffer Capacity

T: Throughput

= Required Equipment Capacity

Y: Yield
l U: Utilization
\ 4 \A 4

= Product Cycle Time Statistics

TCO:FC+RC+YC

LxT=xYxU

= Line Throughput as Timeline

= Qverall Line Yield

= Equipment & Line Utilization

e s — e s
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Enabling Factors for a Successful Simulation Project

Short Build-up Time of
First Model

 Library-based EQ
Components

Systematic Input Data
Acquisition

- Fab Layout » Standardized

Interfaces of the EQ |
-+ Equipment Key Data Components
- (Timing Behavior,
- Availability) « Flexibility to Add
Features to EQ

« Constraints of Components

Processes

Fast Model Execution
and Flexible Output
Generation

 Fast Simulation
Execution

* Time Measurement
between any Points
in the Manufacturing
Process

 Powerful Online-
Statistics

© acp Information Technology AG | 19.04.2010
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Successful Project Work Enabled by a Common Repository and
a Systematic Requirements Tracking for Simulation Project Team

Customer View

sign off for model
used for experiments

acp-IT View
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Why AnyLogic?
Advantages Compared with other Simulation Software Packages

» Object-oriented modelling approach — allows for a detailed modelling of manufacturing scenarios,
the exact timing and state behaviour of processing and material handling equipment aligned with the
equipment and line control software

* Well proven simulation library from acp-IT which is tailored to the needs of modelling a solar
manufacturing line and therefore small effort for the generation of models based on this library

« Short time for the execution of simulation experiments — outstanding run time performance

« Simulation runs in Java Applets — Model sharing for users without simulation package license and
without comprehensive simulation expertise

 Complete decoupling of animation and control logic in the simulator

» Linking of control software based on free configurable control events and therefore easy
application of simulation models as emulators for factory control applications

* Online charts and reports (data sets) for the monitoring of performance metrics during simulation
runs without significant impact to the run time performance

« Small license costs — also for industrial and commercial application of the simulation package

* Interface for CAD layout data import
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For further information, please contact: 4 y

Laurentiu Maniu
eMail: Laurentiu.Maniu @acp-it.com /
Telefon: +49 (0)711-7824089-10 //

Thank you for your attention.

acp-IT AG

advanced clean production Information Technology AG
Handwerkstr. 29, D-70565 Stuttgart

Telefon +49 (0)711-7824089-0
Telefax +49 (0)711-7824089-10
eMail info@acp-it.de




