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— Industry context
— APC/EES application requirements
* Implementation approach
— Development/test environment
— Application platform basics
* Lessons learned
* Benefits summary
— Developer perspective
— End user operational impact
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Presentation Objectives

» Explain rationale for choosing an application platform
as the Interface A host implementation environment

» Describe the impact of this choice on the software
development process

« Share the implementation lessons learned

« Highlight the benefits of this approach from the
development and end user operational perspectives
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Background
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Background
Industry Context for Interface A

» Standardization status

— Detailed specifications complete and balloted, but still a
moving target

— Adoption underway
e The "other end of the wire"
— Most effort to date has been on the tool side
— Very little focus on the host side
— "What are we going to do with all this data??"

* Will likely spawn an entirely new application market

— Hard to predict what process engineers will want next after
a few months of unprecedented tool data access!

/psemr

11 April 2005 SEMICON Europa 2005 - Munich, Germany

SEMI Standards Workshop on e-Manufacturing and e-Diagnostics

Background
Interface A Adoption Challenge

« Bad news

— It is difficult to validate an implementation
of a communications interface when
there's nobody to talk to...

— It can be expensive to be first

« Good news

— There are bridging/migration technologies ....%..
for breaking this "chicken-and-egg" cycle '

— Use of commercial communications
packages and applications platforms
offer attractive alternatives to in-house
development
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Background

APC/EES

Application Requirements

What will fab users need to fully deploy Interface A?

« Connectivity

— Devices
— Applications
— People
« Data storage and management
— Real-time, granular, voluminous
— Data quality
« Security and reliability
« High performance and scalability
 Agility to support changing requirements
11 April 2005 SEMICON Europa 2005 - Munich, Germany 5 semr
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APC/EES Environment
Application Platform Architecture
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Interface A Host Implementation
Minimal Product Requirements

* Provide process and operational data to
APC/EES applications

o Comply with E134 — no proprietary shortcuts
« Support all types of tool data request

— Trace data
— Event data

— Exception data
— Ad hoc data (on-demand data)
 Insulate users from details and dynamics of E134
— Application developers
— Process engineers

11 April 2005 SEMICON Europa 2005 -
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E134 Data Collection Plan (DCP)

DataCollectionPlan

Exception Request
Data is sampled when
a tool exception occurs

Request:
0. o
EventRequest TraceReq t ExceptionRequest
sourceld: string id: string sourceld: string
eventld: string intervallnSeconds: float exceptionld: string
Event Request collectionCount: int verity: string
q groupSize: int
Data IS Sampled isCyclical: boolean
when a tool event parameterRequests i
occurs stopon
I

parameterRequests
startOn
.
N n
0..* {ordered} 1..* {ordered} R

ParameterRequest

Each data collection plan
can include any number of
each type of data request

+ sourceld: string
+ parameterName: string

11 April 2005 SEMICON Europa 2005 -

Trace Request
Data is sampled on a
periodic time basis

EventTrigger

ExceptionTrigger

+ sourceld: string
+ ewentld: string

Munich, Germany

+ sourceld: string

+ exceptionState: string

exceptionld: string
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E134 Report Structure

Report
Structure returned as
DataCollectionReport a reSUIt Of a DCP
N Report
+ planld: string +reports
+ bufferStartTime: datestring 1. {ordered}
+ bufferEndTime: datestring
+ reportTime: datestring
Trace Report
Returned on a
periodic basis
EventReport ExceptionReport TraceReport

ST — + sourceld: string + traceld: string

* sourcel.d. S + exceptionld: string + startTriggerTime: datestring

+  eventld: S_"'"Q ) + exceptionTime: datestring + stopTriggerTime: datestring

& eventTime:datestring + severity: string + reportTime: datestring

+ state: string
+startTrigger
+traceResults
sparametervalues +parametervalues 1.+ fordered) +stopTrigger o 0.1
CollectedData %
+ collectionTime: datestring
Event Report o foraere) f
ReturnEd When ParameterValue +parameterValues
a t00| event + value: 1% EventTrigger ExceptionTrigger
OCccurs + sourceld: string + sourceld: string
+ eventld: string + exceptionld: string
e + exceptionState: string
Data values are delivered Value Exception Report
in the order requested in Data item list Returned when a tool
the DCP (not tagged) (all report types) exception occurs
11 April 2005 SEMICON Europa 2005 - Munich, Germany > 4 semil
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Implementation Approach
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Implementation Approach

* Used Wonderware ArchestrA application platform as
Interface A host system

— Complete development, integration, deployment, execution
and support environment for mission-critical manufacturing
systems

— Configurable client applications suite for common
visualization, reporting, and analysis functions
* Used Cimetrix CIMPortal product as Interface A
equipment-side test vehicle

— Includes Equipment Modeler and Equipment Simulator for
assembling complex behavior from E120 nodes

/psemr
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Development/Test Environment

MES/APC COM, SQL, MQ, etc
Frameworks
NE/% Development
t ‘r‘:/“‘w and Application
Existing Penest® Environment
CIM System/ EDA Interface /

GEM/SECS CIMPortal™;

Semiconductor
Mfg. Tools

Pre-EDA EDA
Capable
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Lessons Learned
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Lessons Learned (1)

« Development in an application platform environment requires a
careful mapping between two (or more) domains
— Interface A syntax and semantics
— ArchestrA development and execution environment
e You must truly understand how a platform is used to do this
mapping effectively
— Development tools and processes; built-in services
— End user application functions and interaction modes
— A couple of design iterations are required to get this right

— A good mapping results in a very natural end user "feel" (and
rapid acceptance)

» Corollary: the job is a lot easier if you pick a platform that is
well suited for the domain
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Lessons Learned (2)

« Example mappings include

* Equipment level
* Fab level

11 April 2005

Data types across the various standards/systems
DCP structure and interface object configuration tools
Visualization/navigation of all DCPs

Report structure and application variable naming
DCP life cycle and interface run-time behavior

See following slides....

SEMICON Europa 2005 -
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SEMI Standards Workshop on e-Manufacturing and e-Diagnostics

Data Type Mapping

/psemr

Application
— SOAP message ’ platform
L pretlolce i ’ contents representation
DCP config time
\/ E134.1 4 /
Parameter E134.1 Parameter Value .
E125.1 Type value Type XML Schema Type ArchestrA Attribute Data Type
Name
StringType S xsd:string MxString
BooleanType B xsd:boolean MxBoolean
Base64BinaryType |B64 xsd:base64Binary MxBigString; base64 encoded value
ByteType 11 xsd:byte MxInteger
ShortType 12 xsd:short MxInteger
IntType 14 xsd:int MxInteger
LongType 18 xsd:long MxString, ascii encoded numeric value
FloatType F4 xsd:float MxFloat
DoubleType F8 xsd:double MxDouble
DateTimeType D xsd:dateTime MxTime; as Universal Coordinated Time
AnyURIType URI xsd:anyURI MxString; URI value
VariableType Var dcm:VariableValueType Archestra data type varies as needed
Array Type Arr dcm:ArrayValueType Array of appropriate ArchestrA data type\
StructureType Su dcm:StructureValueType __|MxBigString; XML encoded value \
EnumeratedType |ES dcm:StructM MxString \
EnumeratedType |El dem- eValueType |MxInteger
IE ——ceValueTyp g { Useful for
Note: Exotic Data Exception
Types! Reports
/_I seml
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Template Toolbox

[&] Device Integration
[&] EDA Interface
[&] System

[#] Application & EDATool_001_001

General | Ad-hoc Requests | Data Callection Plans  Trace Requests |Ever\t Requests | Exception Requests | Communication | Object Information | Seripts |4
Data collection plan:
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Data Collection Plan Definition
EDATool Object Configuration

# Archestra IDE - [EDATool_001_001]

IREIE
FEIRE|

M Keep Checkedout (D 3

— [pcPa =
DCP Name f Available trace requests: X1
Trace Request [ Interval In Seconds [ Callection Count I e T
TRL 3 10
Start & Stop
Trigger Events
Trace Request ID
Associated event triggers For TRI1: m
Event Trigger [ Start{stop | SourceID [Eventn  ~
Runstart Start Equipment/Demo:Waferd] >Everk Processingstarted
Runstop Stap EquipmentiDemo:Wafera] >Event ProcessingCompleted
X Associated exception triggers For TR1:
Model view
5 4 EDA_ 03 Exception Trigger [ Start { Stop | Source ID: [ Exception ID
B Unassigned Area

{8} AppEngine_001
[ EDATool_Do1_001
|5 winPlatform_001

fissacisted parameter requests for TR1:
2 area_oot

[ Exception State |

[

Application
object attribute
name
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Tool parameter
name & location

Data type expected
(pull-down list)
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[&]) Device Integration
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Tool/Fab-Level Visualization/Navigation
EDATool DCP Treeview Display

[E) EDA Interface General |Ad-hoc Requests | Data Collection Plans | Trace Requests | Event Requests | Exception Requast
[&] System
Taold: IEtch22 =
Collapse/Expan
d EDA Configuration Owerview /
Options = coatod TraceRequestl
o idHoc Request: "GetClack”
Data Callection Plan: "DCPL" fo r DCP3 on
\\ -Eventt Request: "EvT1"

Ap Views x
Model Yiew
o & EDA_03

tool ETCH22

Data Collection Plan; "DCP2"
-Exception Request: "aCCYIO"
[=-Data Collection Plan

) Unassigned Area
AppEngine_001

EDAToal_001_001
7| winPlatform_001
4} area_not
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Hierarchical Variable Naming Scheme
and Historization Configuration

® Archestra IDE - [EDATool_D01_001] =13l x|
@ Galaxy Edt View Object Window Help =13l x|

LEHFH= v 90N x HEIRE O

g EDATool 001_001 B keep Checkedowt @ 3

[=] Application

[£] Device Integration

T ED Interface Data Callection Plans | Trace Requests | Event Requests | Exception Requests | Cammunication | Object Infarmation | Scripts | upas  Extensions | <

[&] system
Extendable Attribures: I Show extension attrinutes Attribute name:  DCP3.TR1.TCL.PY
Name o 1 Jo a <
DCP3.TR1.TC1.PV 8 cro.cnd dctvas

DCP3.Crnd Deactivate = InputOutput extension 55

Present Value of - e sares [ ] Automatically store in
Thermocou p|el n 3 pcpa Repart PerformanceRestored.. I Output destination differs From real-time database eVery

DCP3.Report.Performancetarning... . S — l—
TraceReportl of DCP3 (D DCP3.Repurt. ReportTime 100ms
7= DePaState I Irput exctension
ZZ DCP3,StateDesc
DCP3, Stats.Cmd. Reset
DCP3.Stats. CntReports I Cutput extension 55
(D) DCP3,Stats. Timel astReport

Source:

(=2

Destination: »
D DePa. Stats. TimeLastResst - _I ]
DCP3.TR1.Report. Hew Output &very scan
Application Views QDCPB‘TM‘Repnrt‘RapnrtT\me I Aarm extengion
Model Visw = DCP3.TR1LReport, Start Trigger e —
E & EDA_D3 DCP3.TR1 Report. StartTriggerTime
B3 Unassigned Area DCP3.TRI Repart, StopTrigger Fricrity:
48} AppEngine_0nt CP3.TR1. Repart. StopTriagerTime age attribute: l—

Ry EDATool_001_001

| 5| winPlstform_001 DCP3.TRILTC2.PY ¥ History extension 55
3 Area_ooL GetClock,alarmsEnatled. Py Force storage peried: 100 | ms ]

GetClock.clock.PY ) _

GetClock, Cmd. Report Engineering units: deqC &

GetClock.Cmd ResetState Value deadband: 2.0 EU Fae
GetClock. controlState. Py

G:tc‘:; ;E:p;t N: Trend high: 1000.0 ] & @

(D) GetClock.Report. ReportTims Trend low: [200.0 EU & @

ZZ GetClock.State

72 GebClock. StateDesc =
Deplayment View : _'_l
»

o7 |

Derivation View
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Lessons Learned (3)

* Itis impossible to build [one end of] an interface without
something robust to talk to
— Must also be clear which version of the standard is implemented

» Debugging this kind of software is still very tricky
— For example.... If the requested data doesn't come through,
where's the problem?

* Client didn't request properly
* Tool didn't understand the request
e Tool didn't handle event properly
» Client didn't process the response properly

— Must anticipate/handle errors from many sources

— But the problem is well bounded, and support tools exist [in an
application platform environment]

/psemr
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Monitoring and Debug Tools

* Object Viewer can be used to monitor EDA Interface status
and monitor statistics

* Diagnostic operations invoked by setting diagnostic triggers
* Note "Quality" column.... this item exists for all attributes

W Object Yiewer

Bl Edt ¥ew |  Configuration Current
J 8 A ' pal’ameterSJIEDA_CIMPDrtaI_l.ConnectionStatus.vaIue jl status
EI# spankyl \ Attribute Name | Value | Qualit:
- Erch_Platform_1[SPANKY] URL http:ffetchl fCIMPp afCIMPortal_l.asmx  C0iGood
EI--Q;: Etch_Engine_1 FingInteryal 30 CliGood
EI&I Etch_Area [Etch_area] ConnectionStatus COMNECTED C0:Good
- @ App_F10_Maritor [App_E10_Maritor] mumnﬁmessages?”t_ 5 ig; Egﬁmg
kg e g a— Ui BssagesRecsive GO
: L E[,_HF - r] TimeOfL astFingFailure 5/18/2004 3134136453 P 0:Good
Rt S HumF ailedrings a Ch:Goad
@ EDA _Proxy_1[EDA Proxy_1] TestCommunications False C0:Good
@ Etcherlt [EDA_Proxy_1.Etcherll] ResetStatistics False C0:Good

& Etcher1Z [EDA_Proxy_1.Etcher12] DumpLogToFile false C0iGood
@ Etcherd [EDA_CIMPortal_1.Etcherd] Diagnostic
‘. i@ Etchers [ED&_CIMPortal_1.Etchers]

operation
triggers
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Lessons Learned (4)

« Built-in data quality support - coodouai

* Non-specific

features are very useful - Local Override

. . > U tai lity ? ?
— Separate field for every object neean ety
. * Non-Specific
attribute « Last Usable Value
_ Prevents making bad * Sensor Not Accurate

« Engineering Units Exceeded

decisions from data / - Sub-Normal
— Values defined by OPC > Bad Quality ! ! !
specifications > NomEpeeile

« Configuration Error
* Not Connected

* Device Failure

» Sensor Failure

e Last Known Value
*« Comm Failure

« Out of Service

/psemr
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Lessons Learned (5)

* Requirements for a host implementation of an interface
standard go well beyond the standard itself
— Must walk in your customers' shoes
— This is the real opportunity for differentiation
« Example deltas to the Interface A specs include
— Pre-defined ad hoc report request (query)
— Auto-activate feature on DCPs
— Import/export format (enables all sorts of fab-level capability)
— Treeview navigation, collapse, expand, etc.
— UUID assignment and management tools (a la Recipe Mgmt)

/psemr
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Lessons Learned (6)

* There were MANY things we did NOT have to build which are
well covered by built-in application platform services
— Logging, alarm generation and management

— Schema generation, attribute naming and delivery to the
applications, persistence, historization

— Fault tolerance, load balancing/performance management
— Security, change management/effectivity/propagation, packaging
and deployment, installation
¢ The ISMI Scenarios document was a useful functional checklist
and guide to test plan development
— The Exception scenarios additions will help as well
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Benefits Summary
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Benefits Summary
Developer Perspective

« Use of an application platform allows
developers to focus on domain issues rather
than distributed computing infrastructure
— Eliminates most difficult architecture decisions

— Don't fall into the "I'm sure we can build what we
need here for a fraction of the license fee" trap

— Once you've built a couple of frameworks, you
don't really want to do it again anyway....

* Reliable solutions can be developed and
deployed more quickly

/psemr
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Benefits Summary
End User Impact

* Once data is collected by an application platform, a wide range
of standard, familiar clients can use that information

— Visualization, monitoring, analysis, control, reporting, etc.
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Operational Impact
Development Cycle Time Reduction

* Application platforms affect almost every phase of
manufacturing system development

— Requirements cover unique value add, not system
technologies

— Design focuses on how to use existing features and services
rather than basic application architecture

— Implementation consists of configuration, specialization,
scripting with minimal new code development

— Unit test only required for completely new functions

— Integration effort limited to new data sources and
transactions

— Production rollout and other scale-up processes are
standard system administration tasks

/psemr
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Operational Impact
Development Cycle Time Reduction

APC/EES Application Life Cycle (in weeks)

Traditional

60% reduction in 75% reduction in
time to validated pilot Production rollout phase
m Requirements
Design
Platform-based m Implementation
2 11 14 Weeks Unit Test
Approach
o . K _ Integration
| 65% reduction in overall project time = Pilot
m Rollout
/psemr
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Operational Impact
Improving Overall IT Efficiency

Non-scheduled
Time

For a piece of equipment, OEE is the
time a tool is actually working on a
product that will be sold for revenue

Engineering
Time

Standby
Time

SEMI E10 States

The same model applies to an IT organization....
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Operational Impact

Improving Overall IT Efficiency N

* Application platforms can reduce much of the ~ [FHEE
time spent in the non-productive activities

— Unscheduled downtime — reacting to system excursions,
crashes, corrupted databases, log file overflows, network
system overloads

— Scheduled downtime — maintenance activity, such as installing
new patches or releases, backups, maintaining user profiles,
virus scans, database integrity checks

— Engineering time — evaluation of new system technologies,
prototype development, experimental programs that may
never make it to production

— Standby time — waiting for required resources, such as
capital/expense budget, specialized expertise, project
approval

/psemr
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Operational Benefits
Value of On-line Real-time Information

- Perceived ,

Factory
Uptime %

i Based on atrue story....
70 -
60 -

50 -

>
L

VP/GM Fab Module Equipment Management
Business Manager Manager Engineer
Unit Level
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Backup Material
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Industrial Application Platform
Key Product Requirements

« Design and development environment

* Event-based processing, scripting and calculation capabilities
« Data acquisition and field device integration

« Data visualization and monitoring

* Reporting and ad hoc query capability

« Alarm and event management, historization and security

» Support for industry standards such as SEMI E134, OPC, SQL
* Internationalization

 Inter-application communications and name service

« System diagnostics and system administration

* Version management

* License management and centralized deployment

/psemr
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ArchestrA Application Platform
Integrated Development Environment (IDE)

» ArchestrA IDE - [ETCH22_ChamberPressure_RMS E =lolx|
@ Gduy Edt vew Qhpct Wndw b - =l=I%] .
TR Se o 2o xTOIAE|@ « Fab-wide

[ermpiate Toutm Sy
@ PE_Batchir

— U E— application server

“ Scriptna  getNextPy ol

s IDE/GUI

—7|| + Serves as both
development tool
and online admin
tool

hinfo -
@ PE_BatchRecordirg
@ PE_ChambarPressy
@ PE_Chambarbresny

@ PEGFLL
@ PE_GF2
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ArchestrA IDE
Object Templates

23

 PE_Batchinfo

@ PE_BatchRecordire
@ PE_ChambarPressy
@ PE_Chambarbresny

5 Unmsgred Ares
4'Q) Area_Erch_Bxparecn

9 FEGFL B area_Exchig

@ PEGFIL B Erching

@ PE_GFZ B Ergre_Brcheyg
@ PEGRIL = R ETCHZZ

@ PE_GRY B Datascoess 001 [ Datadcoess |
@ PEGF3_L
@ PE_GF4
 PE_GR_]
@ PE_RFPower
@ PE_TCL
@ PE_TCL L
w PETCZ
@ PETCZ 1
@ PE_TCE
@ PE_TCY ]
] incustnal Invsbgence

B PE_GF1_001[ FE_GF1]
R PE_GE2_001[ PE_GF2]
R pe_cry 001 [ PE_GPA)
R FE_GF4_001[FE_GF4 ]

El|

B OLEDRCtaMCoEss_001 [ OLEDROStAACE

Ry PE_Pusteiirde_001 [ PE_Batchinds |

S FE_BatchRecordinsert (01 [ PE_Batchi|

B PE_ChambarPresure 001 [ PE_Chasbe
R ETCHEZ_ChamberPressure RMEE[E
S Mnimum_001 [ Mrimum_001 ]

R PE_RFPower_001 [ PE_RFPower ]
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=lalx|
=15l

el

ETCH22 ChamberPressure RMSE W Keep Checked D %

bwect nformaton St LA | Exterssons |

[+1[F] « Scoiptna  getNextPy el

Mhases:

stlonlexlof|sh oo
serpes: (ST T — |
Baics |
Expression |me GatFy
Trigger &P |- i
Trigger perl S Timeout |
Desberd: oo [ e el et
I Histerize seript stabe 5 Prioy:

if me.numVals < me. ARRAY MAX then

mo.numVals = me.nusVals + 1;

B ack w5 PE_TCL 001 [ PE_TEL] 1+ me. observed [ne. nunVals] = mycontainer.p)
o B Mockus & S PE_TC2 001 PE_TE2] me.model [me. nunVals] = mycontainer.8P;
5 @ prtocks 4 B PE_TC3_004 [ PE_TC3
% ';EFLTW oW ETCHZE el st|on[ecfofsn] gpasr;
] Semiconductor Sensors. B 0 _ETeHz2 o
@ SChambarressrs 8 10 ETcHz3 ‘_ mo. GoteY = falsa;
@ $oaFlow 8 Platform_Etching =
@ $GxFresmre B Systemiugnosncs_001 B
@ $FPower -
@ §TC x
=W Semconductor Tock
% @ $PlmmaEtheB e
@ FAMEEstasn:
# 8 System |
L | i
ot mtinr [PABCEMOZ or T y
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Templates define
abstract objects for
managing fab
equipment and
applications

Also includes
objects for
computing
environment
Templates can be
composed
hierarchically

/psemr

ArchestrA IDE

SEMI Standards Workshop on e-Manufacturing and e-Diagnostics

Hierarchical Model/Views
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Displays fab model
as instances of
templates
Can be viewed by
— Model hierarchy
— Computing node
deployment
— Derivation
dependencies
Manages
assignment and
deployment of
objects
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Object Details and Properties
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Displays details
for selected
object

User can
customize objects

— UDAs

— Alarms

— Scripts
Changes
managed via
change control
and managed
deployment
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Shared Services
Support Platform Longevity
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Real-Time Database Requirements
Handling Tool/Process Data

* High performance and scalability

* Schema generation and management tools

* Direct/flexible integration with data collection system
* Universal access from applications and workstations

 Built-in standard functions for
— Data quality verification
— Limits checking
— Alarm generation
— Transformations for common queries
— Historization

« Comprehensive self-diagnostics and system
administration capabilities
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Industrial SQL Real-time Database

SQL Server Query
Pracessor

Event &
Sulnmary Data
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Granular Security Model

General
|- [7] IDE pemissions

an start the IDE

mparting and exporting

eneral configuration

an modfy deployed instances

an disable change comments

an verride checkout

an upload from runtime

yskem corfiguration

evicelnteqration obiects

pplication configuration

ramenork configuration

jser configuration

eployment permissions

Can deployiundeploy System objects

- [ Can deployjundeploy Area objects

an deployjundeploy Application objects
an deployjundsplay DevicsIntegration ohjects
an mark an object as undeployed

=} Ppermissions

an startfstop enginejplatform

an wrike ko gObject attributes using Objectviswer '3
Free Access

';-\] Operate
@ Secured Write
é] Verified Write

W Tune

Requirement

¥ configure
= Read Only
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