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ABSTRACT

Especially for advanced masks the reticle inspactiperation is a very significant cost factor, sirt is a time
consuming process and inspection tools are becordisgroportionately expensive. Analyzing and catiiug

historical equipment utilization times of the réiinspection tools however showed a significanbam of time which
can be classified as non productive. In order tfuce the inspection costs the equipment utilizatierded to be
improved. The main contributors to non productiv@et were analyzed and several use cases identifibere
automation utilizing a SEC®quipment interface was expected to help to rethese non productive times.

The paper demonstrates how real time access topregui utilization data can be applied to better trmdn
manufacturing resources. Scenarios are presentetewdmote monitoring and control of the inspectganipment can
be used to avoid setup errors or save inspectioa kiy faster response to problem situations. Aaicktily a solution to
the second important need, the maximization of tdgidization in cases where not all of the intendedctions are
available, is explained. Both the models and thieveme implementation are briefly explained. Fotaamation of the so
called inspection strategy a new approach whicbwall separation of the business rules from the aatiom
infrastructure was chosen.

Initial results of inspection equipment performanlega tracked through the SECS interface are shburthermore a
system integration overview is presented and exasnpf how the inspection strategy rules are impleete and
managed are given.

Keywords. Factory Automation, Equipment Productivity, EquipthePerformance Tracking, Remote Control,
Inspection Strategy

1. INTRODUCTION

When looking at the mask manufacturing processaaibefor advanced masks, the inspection costsmvbde make
up the largest portion of the mask costs and goea®d to further increase with higher resolutiodes. This is caused
by both increase of inspection equipment cost astdah inspection time needed. For that reason idensense to
investigate if overall inspection costs can be ceduby improving equipment utilization and reducingpection time
through automation. Thus the primary motivation émnsidering the usage of the available SECS wnterffor the
TeraScan systems was the goal to reduce inspdatierand therefore reduce overall costs. The seowotd/ation for
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applying the automation interface was the requirgni@ get real time information about the currequiipment usage
which can be further processed by other systemsianjist historical reports.

2. BACKGROUND

The starting point for any improvement actions weesanalysis to break down the equipment utilizatime.

Equipment Time Utilization
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Figure 1: Typical average equipment time breakdoia TeraScan system

The equipment utilization data shown in Figure Isweanerated using existing proprietary softwarectviparses the
inspection tool logs on a daily basis. The resofitthat analysis showed a significant amount of paductive time and
its main categories. After that the reasons fordtierent non productive time categories and gassimprovement

actions were investigated. In order to identify rmyppiate actions the

Ideal Case Reality operational scenario of the inspection tool neettedbe analyzed in
detail.
Load Load
Setup In the ideal case shown on the left side of Figutee mask needs some
Sei Asgst,Nodie) time to load, followed by several setup steps ahentthe actual
S inspection. ldeally the defects can be classified garallel) during
il inspection, what is called here concurrent reviéthe defects cannot be
Setup classified based on the pictures taken, an additidre review part may
v inspect follow. The sequence finishes with the mask unload.
Inspect & MNeeaed However reality looks slightly different. Duringettsetup process there
Concurrent Setup are usually several steps where the operator hastey data and then
Review eratons may need to wait for the tool to perform e.g. soalgnment or
calibration step. Since one operator needs to ¢ake of multiple tools,
time is lost until he is back to proceed with tlexinstep. This causes the
first Assistance Needed time listed in Table 1,levthe actual data input
Live Review IiEPCEREs is listed as Data Entry time.
Unload C%n:;;rv?m
An additional Assistance Needed situation can hapgfeer the actual
inspection or when the mask was unloaded. For ifyérg appropriate
solutions it was assumed that Assistance Needezl ¢an be reduced if
S tarte an operator is immediately available when needelis ©f course
Needed requires to have enough operators available anthatee a way to
L'VS ’TEV:W immediately notify one when the tool needs help: fiis to work the
e tool must be able to send appropriate notificatitimsugh its interface to
Needed the host.
Figure 2: Simplified sequence of ideal versus ) . . ] o
common inspection run The largest potential savings are in the Abort tica¢egory. This is

basically wasted inspection time in case iteratifmisdifferent reasons



were needed. If the iteration is caused by incordata entries this could be avoided if the toouldoaccept remote
setup and start. However this functionality was yeitavailable for the TeraScan system. That is argther option, to
validate the setup parameters against the speaaficand thus to prevent starting with wrong setuyss pursued.

Non Productive Time Category Proposed Action

Assistance Needed Time after alignment/ notify operator when the step completed
calibration step during setup time

Data Entry Time — The manual process of enteringemote setup and start from the host

job data
Abort Time — Time wasted by jobs aborted becausemote setup and start from the host or remote
the set up was wrong validation of setup

Assistance Needed Time after abort — the tool sitsnotify operator when the tool aborted a job
idle waiting for an operator after a job aborts

Assistance Needed Time after inspect — the tosl sitise concurrent review, otherwise notify operatof
idle waiting for the operator between inspection | when tool nears completion
completed and defect review started

Tool Empty Time — the tool is idle while an notify operator to fetch the next plate because an
operator moves the last mask to the next operatipinspection is nearing completion
and then gets the next mask to run

Table 1: Identified time categories which have pagé for recapturing lost tool time and correspimigdautomation actions

3. SOLUTION

As the result of the business analysis two key aeesges were identified, which where judged to hageificant
potential for improvement. The first case was toidwr reduce operator Assistance Needed time s€bend case was
the maximization of tool utilization when the eqguient has a problem. Below is a high level view othbscenarios.
Thereafter these scenarios are discussed in mtai using the example of the inspection tool.

3.1 Reduction of Assistance Needed time

Inspection running Assistence Needed Inspection running Equipment Operation
Example:
« Alignment Mark not found
o Light calibration error
« Defect Classification
Running Assistence needed Running Initial Scenario
) , Productive time is lost by
Operator needs Corrective action
to recognize the Operator solves o time passed until issue is recognized
problem problem o time passed until problem is solved
Assistence needed .
Act Target Scenario
Running Running
Productive time is saved by
Issue Corrective Reduced ) o
notification action cycle time o Immediately notifying rule system
RPO or operator
System o Automated action based on rules
and/or i where applicable

~Y

Figure 3: Approach for reducing cycle time and pooductive time in the Assistance Needed scenario.



The upper row in Figure 3 shows the original tosdge scenario. First the inspection operation Itines, the tool stops
for a particular reason and requires operator acteyns. The sum of both, the time passed untibgherator is aware of
the problem and the time that is needed to getioibleback to operation, is counted as AssistancediNe Time.

In the second scenario shown in the lower partigiife 1 the tool immediately sends a notificatibrotigh its interface
to the host system when it needs assistance. Newdtified operator or ideally in selected casesw@tomated system
can respond. The reduction of this Assistance Neb&de finally results in the desired decreaseyofetime.

3.2 Enhanced State M odel

To reduce the Assistance Needed time it is dedwedbtify the operator immediately when a tool redéelp. This
requires to have that information available frora tbol in real time and to have a system that jmbke of processing
that information. The latter capability requiredending the original RAKlstate model, which knew only the six basic
equipment states. More over these states wereti@adied by manual operator inputs and consequérdtysystem was
not feasible to track the need for an operatodfit§dhe newly developed system supports automatacking and
supplemental sub states and thus allows a much detaled tracking which is needed to decide thpr@priate
actions.

Figure 4 shows for example which sub states werednced for the basic states Productive and Stariibth basic
states contain an Assistance Needed sub stateh whit be used to trigger operator notifications lbbvious that this
level of detail is only manageable when the stainge information is automatically provided. Consaly the tools
that are required to be monitored at this detddedl need to have a SECS interface. In case of ¢haScan inspection
system this interface is available and providesigant details. With TeraScan SW R11.1.8 the hHestapable of
precisely tracking the processing states and nahterdvements of the equipment. Based on this inddion the host
can now trigger the state changes between theeliffeoroductive and standby states. By havingsfstem in place it
is now possible to get a detailed real time viewtlwd tool utilization across all tools. Additionalthis allows
automatically initiating actions like notifying ofaors through automatically refreshed task list.

Basic Equipment State Sub State

PRODUCT
ASSISTANCE NEEDED

PRODUCTIVE TIME

WAIT PRODUCT
SETUP
ASSISTANCE NEEDED
NO WIP
NO TOOLING
NO DISPATCH

STANDBY TIME

Figure 4: Example of additional RAM subs-statesadticed

3.3 Preventing failed inspections

While the focus so far has been placed on minirgiZissistance Needed time, the next paragraph ewpihe solution
to reduce Abort and Trouble Shooting time.

In normal operating mode of the TeraScan 5XX inipactools several operator interactions are reglimDuring

common setups depending on mask and inspection ttypeoperator may need to enter various parameses,
sometimes specifies up to 30 values for the deteclhis can be an error prone process. Ideallygfatie data could be
sent automatically through the equipment interfag®ortunately the current interface SW of thatl tdoes not support
this yet, but it does allow to validate the setwgtad This method can be used to ensure that omheatty set up

inspections are processed.

2 RAM Equipment Reliability, Availability, and Maiatnability as defined in SEMI E10 [1]



Figure 5 displays the sequence diagram of the ewrrip and host interactions during the remote vatidascenario.
The left sequence demonstrates the correct pararsetep. After the host detects the completionh&f setup, it
compares the received setup data against the gagioif. If everything is OK it automatically stathe inspection run.

The right side diagram however shows the exampe chan operator error. If host validation detectaismatch, the
host then sends an abort to the tool. Thus ingpestivith incorrect parameters due to typing eroans be prevented,
which consequently saves Abort and Trouble Shodting.
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Figure 5: Remote validation scenario to avoid Alaod Trouble Shooting time

3.4 Maximization of tool utilization

The second important scenario for improving todlization is to individually handle situations suels where the
equipment encounters a problem, but is still capablperforming its intended functionality for sefled products. In
this situation the tool is considered to have kditapability.
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Figure 6: Solution to maximize tool utilizationtime case that the equipment has a problem



The upper row in Figure 6 demonstrates the commibiali scenario. Since the tool does not providefits intended
functionality it is considered as down accordingtMI E10 [1] standard. That means that it woultlb@available for
any inspections even in cases where the problémogn not to be relevant for the current product.

Therefore it was desired to deviate in this casenfthe rigorous SEMI E10 state definitions and tildba system

which allows handling this limited capability sitian. By introducing an appropriate capability mbthee automation

software can distinguish and decide based on thsk s@ecifications whether the tool is still good dogiven inspection
or not. Since for selected products the tool cédhbs utilized, higher tool utilization and a lowaverage mask cycle
time is achieved in this second scenario.

3.5 Capability Model Concept

In order to model the limited capability situatiardetailed state tracking of the available toolctions is needed. In
case these functions do not directly depend onyaigdl equipment module like on a chamber etc. #reymodeled as
capability.

Non-
Scheduled

Figure 7 Capability State Model

For each tool, the tool owners decide which ofrifeor equipment functionalities need to be indiailijutracked and
then define an appropriate capability model.

Although these capabilities do not have a physcplivalent, they are considered as a virtual eqeiirmodule and
thus can now be used to track the availabilityedévant tool functions. Unlike the real equipmermtdules where six
main states are tracked, the simpler three-state shodel shown in Figure 7 was considered to Ifécismt for
capabilities.

These capability states will be tracked in additiorthe common equipment module states which btriotlow the
SEMI E10 [1] guidelines. Thus it is possible to yite the standard RARmetrics, and additionally gain more detailed
information for a more flexible production control.

Pixel
Mode

Up Up Up Up

Up N/A N/A

Table 2: Example of the modeled capabilities ofrespection tool

Table 2 shows a capability model example wheredifferent inspection algorithms and pixel sizesaafinspection
tool are modeled and thus can be individually tegicknd evaluated.

¥ RAM Equipment Reliability, Availability, and Maiatnability defined in SEMI E10 [1]



4. SYSTEM INTEGRATION
4.1 Automation software implementation

Figure 8 provides a visual diagram of how the cdjpplmodel is actually used to maximize tool utdition. The central
component is the RPGsystem which implements both the equipment andctqability state tracking, and also
provides the inspection strategy application. Tdteet contains a set of rules and tables and dedidsed on both, the
mask specification parameters and the states ofc#pability and equipment model, where the maskulshbe
inspected and which setup parameters are to be lig=eh also decide to split up inspections acses®ral tools.

Tool 1 Capabilities
SECS
Data El | (——
Warehouse

RPO System

e State Models SECS

e Script Engine iQ El
Inspection Strategy
Rules

SECS

El

Figure 8: High level overview of how RPO interacitmMES, EP and equipment

The information round trip scenario works in thédwing way. The operator initiates the inspectfoom the MES
system, and then the RPO rules will select the andl determine the parameters to be used. Nexipieator enters all
the data at the selected equipment and performeethéred setup steps. At the end of the setuhtise validates the
entered parameters and, if setup parameter veitficaucceeds, starts the actual inspection.

During the whole process the equipment interfadéwsoe keeps track of all the tool activities ararwiards the
relevant information to the RPO state model. Finathen the host notices the end of the inspectidriggers the
upload process of the inspection report to the dat@house.

4.2 Business Rule Management via Domain Specific Language and Domain M odel

The concept of the inspection strategy was prelyomsplemented at the AMTC, but had been done asdstalone
application without automation interfaces. In ortebe able to automate the information flow thigiioal application
needed to be migrated to a system which providgsoppiate interfaces. More over it was desired &zadiple
responsibility and change cycles for the softwariastructure from that of the business rules pgsed by the
inspection strategy.

One of the common approaches to meet such requitsrigethe use of a business rules managementisyBieMS).
After evaluating different available implementasoit was judged that the effort of integrating swytstem which
complies with the OMGspecification [3] would be inadequately high anold not even cover the complete existing

* RPO Rule Based Productivity Optimization System

® El Equipment Interface - proprietary software whimitomates information exchange between equiparehbther
manufacturing software systems

® MES Manufacturing Execution System

" OMG Object Management Group



inspection strategy logic. For that reason the ephof a Domain Specific Language (DSL) in combomatwith a
Domain Model was chosen. This allows creating allsepecial purpose language which is expected teibwle
enough to be usable and maintainable by the bismesers - in this case the inspection engineers.

The developed solution provides software toolsraphically build and change the domain model (daklup tables)
without changing the underlying database strudbyr@ising a Meta-Model description (see Figure $lisTmeans that
the database does not actually store the Domaliestabstores how the tables look like.

Tool look-up-table

Input Output drm Dats Model 7
Pixel Algorithm Tool
P90 | P90OP | POOR| P125 |P125P] Algl] Alg2| Alg3| Alg4 | Alg5] Alg6| Alg7 AgonTes [ Tool & PixelOnTool [
X X X Tool 1
X X X Tool 2 B 1 ! =
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X X X Tool 4
X Tool 5 n n
X X X x_|Tool 6
X X Tool 7 1 1
X X - Rg:g Agorithrn 5] Fixel [
Tool 10
Tool 11
X Tool 12
X X X Tool 13

Figure 9: Example of migrating the original lookiafble to normalized Meta-Model table structure

The desired separation of the business logic floenatutomation infrastructure was implemented witidpt engine
which can manage and run business rules writtémsrDSL. Figure 10 shows a high level overvievilef components
developed to implement this script engine. In ontdesimplify the business rule creation and manageras much as
possible a limited and problem specific set of lsage key words was developed as part of the Dor8pitific
Language definition. The DSL definition itself wasitten using the Groovy scripting language simaardescribed in
[4] and the resulting rules run on a Java EE Middie platform. It is expected that after the initidgration of the
inspection strategy logic these DSL based busindes can be managed by the responsible businessrew
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Figure 10: Component diagram of script engine sofufbr managing Business Rules



5. RESULTSAND OUTLOOK

The new developed automation solution is curremtlthe state of integration testing and most ofsisvices run in
parallel to the established system, which soleligdeon operator inputs. That means that it cafletata and tracks
information but does not actively influence thedrction process yet.

All of the TeraScan 5XX systems at the AMTC wertedgnated via the SECS interface and reliably deldetailed
status information. It was shown that equipmerniization data can be precisely measured in rea {isee also Table
3). Additional work is going on to automate theoimhation flow for the state tracking of the remamibasic RAM
states to provide the desired sub state level ldefHhis required the development of new interfameshe software
systems used to manage maintenance (scheduled sidwstates) and repair (unscheduled down sub stitestions.
One of the next steps will be to activate the remmsdtup validation and the remote start once the inepection
strategy application is productive.

TIMESTAMP TOOL_EVENT RPO_EVENT STATENAME DURATION
10.12.2008 04:43:07 | LibPlateToStagelLoadStart BEGIN_RUN 0:02:38
10.12.2008 04:45:45 | LibPlateToStageLoadComplete | PAUSE_RUN 0:00:27
10.12.2008 04:46:12 | PlateAlignStart CONTINUE_RUN 0:02:29
10.12.2008 04:48:41 | PlateAlignComplete PAUSE_RUN 0:01:06
10.12.2008 04:49:47 | LightCalStart CONTINUE_RUN 0:01:10
10.12.2008 04:50:57 | LightCalComplete PAUSE_RUN 0:00:21
10.12.2008 04:51:18 | ZCalStart CONTINUE_RUN 0:01:06
10.12.2008 04:52:24 | ZCalComplete PAUSE_RUN 0:00:15
10.12.2008 04:52:39 | InspectingRegionStart CONTINUE_RUN 0:06:45
10.12.2008 04:59:24 | InspectingRegionComplete PAUSE_RUN 0:01:48
10.12.2008 05:01:12 | DefectReviewStart CONTINUE_RUN 0:32:26
10.12.2008 05:33:38 | DefectReviewComplete PAUSE_RUN 0:03:59
10.12.2008 05:37:37 | InspectSetupStart CONTINUE_RUN 0:02:38
10.12.2008 05:40:15 | PlateAlignComplete PAUSE_RUN 0:00:12
10.12.2008 05:40:27 | LightCalStart CONTINUE_RUN 0:01:15
10.12.2008 05:41:42 | LightCalComplete PAUSE_RUN 0:00:06
10.12.2008 05:41:48 | ZCalStart CONTINUE_RUN 0:01:03
10.12.2008 05:42:51 | ZCalComplete PAUSE_RUN 0:00:13
10.12.2008 05:43:04 | InspectingRegionStart CONTINUE_RUN 0:05:55
10.12.2008 05:48:59 | InspectingRegionComplete PAUSE_RUN 0:00:49
10.12.2008 05:49:48 | InspectSetupStart CONTINUE_RUN 0:02:38
10.12.2008 05:52:26 | PlateAlignComplete PAUSE_RUN 0:00:12
10.12.2008 05:52:38 | LightCalStart CONTINUE_RUN 0:01:13
10.12.2008 05:53:51 | LightCalComplete PAUSE_RUN 0:00:13
10.12.2008 05:54:04 | zCalStart CONTINUE_RUN 0:08:15
10.12.2008 06:02:19 | ZCalComplete PAUSE_RUN 0:00:19
10.12.2008 06:02:38 | InspectingRegionStart CONTINUE_RUN 2:16:24
10.12.2008 08:19:02 | DefectReviewComplete PAUSE_RUN 0:01:43
10.12.2008 08:20:45 | StagePlateTORSPUnloadStart | CONTINUE_RUN 0:05:27
10.12.2008 08:26:12 | PlateToRSPUnloadComplete END_RUN UP.STANDBY.NEED_ASSISTENCE 0:06:35

Table 3: Example of an inspection run automaticaitigked via equipment interface

Although the collected data are not yet used ferattual production control, they already helpeiémtify weak spots
and improvement activities. In the next step bdwh tiser interfaces and the GEEporting needs to be completely
migrated to use the new system, before a signifitarsiness impact can be expected. Based on therierpes
collected while running the prototype system, wpeet a significant reduction of this operator Assise Needed time
once the operator notification becomes effective.

8 OEE Overall Equipment Efficiency as defined in SERT9 [2]



Looking at the inspection tool operation itselfrihés further potential seen for saving setup thgeautomating this
step through the SECS interface once the equips@iware supports this. However the highest bermefitof the
automation could be achieved if the need for mamiatactions during the setup process could bédadoat all. This
means that the recipe and template creation prdoesthese inspection tools requires enhancementllow the
automation software to provide all required indotsthe calibration and alignments based on chiggitedata upfront.

6. CONCLUSION AND SUMMARY

This paper has presented an automation solutionhaduildresses the need to limit the increasing aigpecosts by
improving equipment utilization. The work explaitige identified improvement actions and details feowintegrated
software solution can support there implementatidre paper illustrates the developed concepts amdthey can be
implemented using software technology. Further matiion steps envisioned and current limitations. drgm
equipment side are discussed too.

The initial results utilizing the new system wemegented and look promising such that a signifitarsiness benefit
out of the automation efforts is expected.
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