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Documentatiorof the cleanroomactivitiesis requiredto preservehe knowledgeaboutthe processeandthe
technologiesinvolved; hence different userswith different levels of expertisecan obtain the relevant
information easily.

However,a documentatiorfor the micro'sand nano'scleanroomprocessess difficult to realizebecausef
the diverse technologies involved

The Procesdlow Module in the PhoeniX CleanroomDatabasas a tool to managethe documentatiorfor
the micro's and nano'scleanroomprocessesilt offers the flexibility to implementvarious processeand
technologies affected. Nevertheless,its thoughtfully defined hierarchy and templates secure the
communication standardizan.

Whenthe databasés managedorrectly,theavailableprocessess accessibleonsiderablyFurthermorethe
guality improvement and most of the validation process will be automatically accomplished also.

PhoeniX ProcessFlowDBmodule can be extendedto the OperatorDBmodule to incorporatethe data's
digestion. The output datafrom the equipmentscan be registeredas the input of the statistical process
controlfor designiterationsby usingthe simlink. Scriptscanperformthestatisticalprocessontrol,andalso
can send an automatic warning message and email when a deviation is detected.

The purposeof this applicationnoteis to exemplify the developmenbdf an effective cleanroondatabasdy
usingthe PhoeniXProcess-low Module. Thefocusof this noteis noton thetechnologicaissuesputonthe
documentation and the verification aspects.

The casestudyfor this note,becausef its well describedechnologyjs the procesdlow of the optical core
SiON by using the PECVD and RIE processes.

Assumethat the peoplethat are involved in the cleanroomactivities can be groupedbasedon their major
expertise:

Equipment managers

Various equipmentsare available in the clean room, all with specific purposesand capabilities.
Equipmentmanagersare the expertsin the usageand the maintenancef theseequipmentsThey also
give courses to use the equipments.

Operators

Operatorsare the executorsof the processflows; which are typically made by the designers.The
operatorsare the expertsin handlingthe waferswith the cleanroom'ssquipmentsThey ensurethat the
process flows consist of the correct steps (which ideally are also reproducable).

Designers

Designersaretheexpertsin thetechnologyapplicationsdesignsandsimulations Sincetheyfocuson the
productoptimizationby the availabletechnologiesthey often havelimited knowledgeaboutthe usageof
the cleanroom's equipments and the processes involved.

In reality, thesefunctionsare not alwaysclearly distinguishableThesecoarsefunction categorizationgre
used as a reference to compose the hierarchy of the database.

The Procesg-ow DB modulein PhoeniXCR databaseonsistsof four levelsof hiearchy which areshortly
described at figure 2.1 below:

1ProceedingsCOMS 2003 “Trends in micro and nano software” by ir.N.Olij, ir.A.F.Bakker, dr.ir.H.H.van den
Vlekkert.
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Figure 2.1 The hierarchy of the process flow database.

Eachlevel of the hierarchyhasa specific menu.EachmenucontainsuniquetemplatesThe menuandtheir
templatedunction ascommunicatiorstandarcandknowledgemanagement T his way the reuse the quality
improvement, and the validation of the defined processes can be realized.

The usage of the menu/templates inside the hierarchyharggfinition of the processes to develop a SiON
optical core, will be briefly explained at section 3,4 and 5.

Section 3 will focus on the process development topic, while section 4 will bring up the issue about process
validation. The quality improvement will be mentioned at section 5.



One importantissue in developinga databasds managingthe information effectively. This sectionis

dedicated to show a possibility to sufficiently document the processes to develop an optical core by using the
SiON technology.
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2 The public controlsiresults will become the inherited controlsiresults in the higher level processes.

) The mathematical expression interconnects the controls and the results from each level of hierarchy,

e.g. expected result from process flow is a function of the controls from process block or equipment.
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Figure 3.1 The menu/templates for process development in the Process Flow Database.



Firstthe equipmentghatwill be usedin the processeshouldbe defined.Below are someequipmentghat
are used for the etching and lithography processes.

The list of the available equipments can be seen at the ProcessFlowDB/Equipment.

CoreDB
ProcessFlowDE Equipment ProcessSteps ProcessBlocks ProcessFlows Masks
OperatorDB
easurementDB
AanagementDE

anual

Mew | Find ||

I:D: |+ - Equipment + - |+ - Description + - + - Category + - %ﬁper\risnri \:Iérsion + (:Slimmited + ’%a:sedOn + il'l;stRecenti

33 El\itli:;kggtgzg Twin Dry etch. Also for polymers. thcur;;ianrgent Eﬁgm:ndhi 1 0 33 33 Mew|| Deleta |
Hi el e Egcuﬂénrgem ien Bakker |[1 0 17 17 Mew| Delete |
11 ||Dry etcher thcur;;ianrgent Miels O |1 1 11 1 e

A i = i = I T T T
@HBLE gamma 60 fei?:tr_‘g-exmse-de"e'°p Fogitive E‘;ﬁ?g;j;:g Eﬁgm:ndhi 1 0 £9 Eo New]| Delete |
N Sl e O e 5 Jp Nev] Dt |
EHCDnvac Coater Coating. Positive resist Eg&?{?:;;:g Eﬁgm:ndhi 1 0 50 50 Mew|| Delete |
x|k, [omeenimgenr e Bl B Jm b o] oot |

Figure 3.1.1 List of somecleanroomequipmentsThe plus andthe minus signsare usedto arrangethe
contentsof eachmenuin alphabeticalorder. Here the contentsof the “Category” menuare arranged in
alphabetical order .

The “Delete” buttonsare availableonly for the equipmentsthat are not committed yet. The committed
equipments cannot be deleted nor modified anymore, but one can still make a new version of it

Clicking the ID number of an equipment will enter the menu/template of the equipment (figure 3.1.2).

dr?%ck | Refresh | (RIS | Cormmit | Usage I “ersions | Control I Faterial I References |

EquipmentMName |RIE-Elektratech Twin System PF
EquipmentDescription IDry etch. Also for polymers.
Version i

ID of this version 33

This version is commited? a

The most recent version has ID 33

This version is based on ID 33

EquipmentCategory Etching Eguiprment

Prucegsing ¥ double sided

Supervisor ISesiIia Kriswandhi :_j

Submit I Reset |

Figure 3.1.2 The menu/templateof the equipment.The “Result” menuis dedicatedonly for the
measurement equipment.

2Refer to the online Manual for the elaborate explanation about how to use the PhoeniX database.



Additional information can be set as the references.

Note: The referencesn a form of the result files are recommendedo be placedin the ProcessStepor
ProcessBlock hierarchy, since they are related to the measuremenprocessesnstead of measurement
equipment.

Description Reference
Cleanroom equipment at MESA+ http:Awww. mesacrl utwente. nlfmisfgeneralinfofequipment administrator. php? Categary=~All | Delete I
RIE-Elektrotech at MESSA+ httpe S mesacr. utwente. nlémisfgeneralinfo/Equipmentinfo. php?First=%202 Delete l

Description |

URL |
Add

Figure 3.1.1.1 The references for tHE-Elektrotech Twin System PF340.

Processstepscan be definedas a sufficient step-by-steplescriptionof how to usean equipmentto do a
cleanroomprocessFor example:a step-by-steglescriptionto useRIE to etcha wafer arethe venting step,
the vacuum step, and the parameter setting step.

Processtepsarethe key to developan effective databaseProcessstepsshouldbe thoughtfully definedas
they are the constructorsof the processflows. Adequateprocessstepswill developa databasehat is re-
usable and is able to validate the process flows automatically.

Adequateprocess steps are not necessarily a step-by-step manual of the equipment's usage.

Most cleanroomteams provide a well-defined manual for the usage of equipment.Besides, recent
equipmentsusually have a clear user manual with build-in software to help the user. The existing
information, including the result files, can be set as references inside the relevant process step.

What most cleanroomteamsdo not have are a well-definedand a self-validatedprocesslow modulethat
cane.g.avoidthe forgottenprocesssteps/blocks;andthis shouldbe the purpose®f anyonethatdesignshe
processsteps: the processstepsshouldbe re-usableand shouldbeableto validatethe proceslocks/flows
that they build.

We stronglyrecommendhat sometime shouldbe spentamongall expertisesn the cleanroonto makethe
stepswisely andfairly complete,evenif somemay think “this will neverbe used. The experienceshow
thatif anexceptionmight exist,it will mostlikely occursoonerthanlater.Being preparedor thiswill save
considerable effort in the future.

Although one would prefer to have the re-usableprocesssteps,some stepsmay haveto be specifically
defined due to the specific purpose.

Below arethelist of the availableprocessstepsto etcha wafer by using equipmentRIE-ElektrotechTwin
SystemPF340.Severaletchinggasedor different purposesreavailablein this equipmentDusthe process
stepto setthe equipmentparameterdiasto be specifically definedin accordancevith the chosenetching
gas.



Figure 3.2.1.1 The etchingprocessstepsby usingthe RIE-ElektrotechTwin SystemPF340.This list can
be seen at the ProcessFlowDB/ProcessSteps, sorting the e.g. “Equipment” in alphabetical order.

The processstepswith ID [81],[91],[80],[92] are accessibldor all processblocks that usethe equipment
RIE-ElektrotechTwin SystemPF340.ProcessBlockis the nextlevel of hierarchyafter ProcessStep(refer
to figure 3.1).

The processstepwith ID [90] is dedicatedonly for a specific processblock that usethe equipmentRIE-
Elektrotech Twin System PF34d the etching gas SF6.

Clicking the ID number of the process step will reveal the menu of the process step.

Figure 3.2.1.2 The menu/templatef the processstepwith ID 90. The“Result” menuis only available
when a measurement equipment is used.

A brief explanation about the actions to perform the process step can be written down in this window.

Figure 3.2.2.1 A brief
explanation about the actions to
perform the process step with ID

90 “Etch,RIE,SF6, check/
set/read parameters”.



As previouslymentioned processstepsare a step-by-steplescriptionof how to usean equipmentto do a
cleanroom process.

Procesdlock consistwof the seriesof processtepsthatarealignedproperlysothata cleanroomprocesss
defined.

Clicking the ID numberof processhlock “Etch,RIE,SF6(ID 36) will showthe menuof the processlock.
Clicking the “Steps”menuwill revealthe processtepsusedandtheir properalignmentto definethe etching
process.

Figure 3.3.1 The process steps used in the process block “Etch, RIE, SF6” (process block ID 35).

Procesdlow consistsof the seriesof processlocksthatarealignedproperlysothata procesdo developa
component; e.g. SION optic core; is defined.

Clicking the ID numberof processlow “Optic core SION (ID 7) will showthe menuof the processlow.
Clicking the “Blocks” menuwill revealthe processblocks usedandtheir properalignmentto define the
SiON optic core development.



Figure 3.4.1 The process blocks used in the process flow to develop optic core SiON (process flow ID 7).

Clicking the “Summary” menuwill show the list of the processesind the equipmentsinvolved in the
process flow. The “Overview” menu is the detailed version of the summary.

The summaryand the overview are generatecautomaticallyby the databaseClicking on the underlined
process and equipment will enter the templates of the process and the equipment themselves.



Figure 3.4.1.1 The summary of the processes and the equipments involved to develop optic core SION
(process flow ID 7).



The controlandthe resultarethe links amongthe processeslefinedin differentlevels of hierarchy.They
communicateéy usingthe mathematicakxpressione.g.theresultin the procesdlow level is a function of
the controls in the process blocks or in the equipments.

Theavailablemathematicafunctionsandexpressiongor ProcessFlowDRarelistedin the Online Manualof
PhoeniX Database.

The control buttonsof the equipmentshould be defined completely,so that they can be usedin various
process steps and process blocks.

For examplethe RIE-ElektrotechTwin SystemPF340hasseveralgasedo etchthewafer. All the available
gaseshave to be defined in the ProcessFlowDB/Equipmentevel. Further in the higher hierarchy
(ProcessFlowDB/ProcessStepsProcessFlowDB/ProcessBlockshe specific gas(es)usedto etch canbe
assigned depends on the relevant process.

Clicking the “Control” menu will reveal the controls of the equipment.

Figure 3.5.1.1 The controls of
RIE-Elektrotech Twin System
PF340 (equipment ID 33).

The controls of the process step are the controls of the equipment used by that process step.

At this level, we assign which controls of the equipment are relevant to the process step.
The relevant controls are assigned as public so they can be used in the higher hierarchy.

Figure 3.5.2.1 Assignthe controlsfor the processstep“Etch,RIE,SF6,check/set/regdirameters(process
stepID 90). The controlsassignedas public will be usedin the higherhierarchy;in this casethe process
block that define the etching process by using gas SF6 (process block ID 35 — figure 3.5.3.1 below).



The value of the controls, also the range [min,max], can be adjusted in accordance with the process.

Note: the range of the valuesin the processstepcannotexceedthe one determinedin the equipmentA
processcannotbe performedby an equipmentif the requiredrangeof the procesds beyondthe capacity's
range of the equipment.

Therearetwo typesof controlsin the processblock: the inheritedand the local ones.Both are inside the
“Control” menu.

The inherited controls are the public controls of the process steps used in the process block.

Figure 3.5.3.1 Theinheritedcontrolsfrom eachprocesstepsusedin the processlock “Etch, RIE, SF6”
(process block ID 35)

Thelocal controlsarethe controlsdefinedspecificallyfor the procesdlock. Thesecontrolscanbe assigned
as public if they are meant to be accessible at the next level of hierarchy (process flow and batches).

Figure 3.5.3.2 The local controlsof processblock “Etch, RIE, SF6” (processblock ID 35). Assign as
public, they will be accessibleat the higher hierarchy,in this casethe processflow “Optic core SION”
(process flow ID 7).

Therelationbetweerthe control of a cleanroomequipmeniandthe resultof a measuremenéquipmentcan
be defined by mathematical expression.

Click the“Control” menuin the procesdlow “Optic core SION” (procesdlow ID 7) revealsthe inherited
controls from the process blocks.



Figure 3.5.4.1 The inherited control from processblock “Etch, RIE, SF6” (processblock ID 35).
Note: the local controls of the process flow will become the inherited controls of the batches

The processlow “Optic core SION” usesa measuremenequipment(Dektak) to measurehe etch depth.
Click the “Result” menwshows the results of the process flow “Optic core SION” (process flow ID 7).

Figure 3.5.4.2 The results of the process flow “Optic core SION” (process flow ID 7).

The etchdepth,togetherwith the durationtime of the etchingprocessareusedto obtainthe etch.The etch
rate is the etch depth devided by the duration time of the etching proces

Click the magnifying glass besidethe “Expectation” value of “Etching rate” revealsthe mathematical
expressions used to define the relation between the flow result and the block control.

Figure 3.5.4.3 The mathematicabxpressiorto definethe etchrate asthe etchdepth (processlow result
with ID 18— refertothe“ID” atfigure 3.5.4.2) devidedby the etcing'sdurationtime (processlock control
number 6 with ID 42 — refer to the “FStep” and “ID” at figure 3.5.4.1).

The mathematicaéxpressionso definethe minimum andthe maximumvaluesof the etchrateareobtained
in the similar way, replacing the “value” with “minvalue” and “maxvalue” respectively, e.g.
processflowresults[18].minvalue/processblockcontrols[6][42].minvalue.

The mathematicabxpressionsre able to interconnecthe controlsandthe resultsfrom different levels of
the hierarchy.The higherlevel controlscan be usedto specifythe lower level controls.The resultsof the
current level can be used to specify the consecutive controls, and also the results in the higher level.



Thusthe procesdlow controlscanbe usedto setthecontrolsof thefirst block in theflow. The controlsand
the resultsof the first block can be usedfor the secondblock in the flow. The flow resultscan be a
combination of the controls and results of the applied blocks, and also its own controls naturally.

NOTE: Theavailable mathematicafunctionsand expressiongor ProcessFlowDBare listed in the Online
Manual of PhoeniX Database.

This section is dedicated to bring up the issue about process validation DB-low

Figure 4.1 The menu/templates for process validation in the Process Flow Database.

The proceswalidationin thedatabaseanbe startedatthe equipmentevel by definingthe availableandthe
forbidden materials for the equipment.

Figure 4.1.1 The available and the forbidden materials for the
RIE - Elektrotech Twin System PF340.



At the processegevel, the validation is definedinside the “Relations” menu.Below, as an example,the
relationamong the processstepsare establishedwhich stepsare allowedandwhich onesare not allowed
after and before a process step respectively.

Figure 4.2.1 The required preceding step and the forbidden proceedingstepsfor the processstep
“Etch,RIE,SF6,check/ set/read parametéhs’90).

Note: the re-enabledproceedingstepsare usedwhenthe forbiddenproceedingstepscan beappliedaftera
certain preliminary steps.For example:KOH etchingshouldneverproceedRIE, exceptwhenthe cleaning
stepsare performedbeforehandSoat the cleaningstep,which shouldbe setafter the RIE step,selectthe
KOH etching in the box “The re-enabled proceeding steps”.

Specificallydefinedprecedingandproceedingstepscanavoidthe confusionin the alignmentof the process
steps to perform a cleanroom process.

This menu checks the materials used and the alignment of the process steps used in the process block.

This actionwill be automaticallydoneby the databasenly if the processralidationsat the equipmentevel
and the process step level were defined (refer to sections 4.1 and 4.2).

Figure 4.3.1 Warningmessagevhenthe processstepsareallignedincorrectly,e.g.whenthe step“etching
process” is set before the step “minimize reflected RF power”.

The messageat figure 4.3.1suggesthat the step“minimize reflectedRF power” should precedethe step
“etchingprocess”, andthe step“check/set/reagharametersshouldpreceddhe step“minimize reflectedRF
power”.

When the steps are alligned correctly, there will be no message.



This section is dedicated to bring up the issue about the quality improvement bB-low

Figure 5.1 The menu/templates for process quality improvement in the Process Flow Database.



The well-built equipmentand processesare committed/savechencethey becomea static part of the
database; the committed versiaasnot be edited or deleted anymore.

As thetechnologyandtheequipmenivolve,the committedversionsmayhoweverneedsomeimprovement
in the future. The improvementis doneby creatinga new versionof them, so that their contentse.g.the
variables and the expressions, can be adjusted.

The newversionis assignedo evolve from the committedone,but it canalsobe createdfrom the not-yet-
committedversion.This implies severalcommittedand severalnot-yet-committedsersionsexist, andthey
are related to each other.

Thedatabas@rovidesthe servicethattracksandkeepsthe history of theavailableversions the evolutionof
each version, and the relation between each version of the processes and the equipment.

The “Versions” menu revealsthe available versions,their evolvement,and the versionsof the applied
processes and equipment.

Clicking the “Versions” menuin the ProcessBlock “LPCVD SixNy (stressfree) deposition”with ID 1
reveals the figure 5.1.1 below:

Figure 5.1.1 The versions of the Process Block “LPCVD SixNy (stress free) deposition” and the version of
the used steps/equipments/cross-section. The contents of this menu is gantoatatically by the
database.
The contents of the box “Versions from this process block” :
the available versions of the process block with their ID
the committed version of the process block “LPCVD SixNy (stress free) deposition” is the o2 With
the second version of the process block “LPCVD SixNy (stress free) deposition” is evolved “BasedOn”



the version with ID 1.

the “MostRecent” committed version is the version with ID 1.
NOTE: The mostrecentversionis not alwaysthe samewith the latestone. The databaserefers the most
recentversionto the latestcommittedversion,which is not necessarilythe latestversionof the processes.
Attentionshouldbe paid on the revisiontimeline,whichis fully describedn the online Manual of PhoeniX
ProcessFlowDB.

The “Usage” menu reveals the application of a version in the ProcessFlowDB hierarchy.

Clicking the “Usage” menu in the Equipment “Balance” with ID 6 reveals the figure 5.1.2 below:

Figure 5.1.2 The applicationof the first versionof the Equipment‘Balance” with ID 6 in the Process
FlowDB hierarchy. The contents of this menu is generat¢oimatically by the database.

NOTE : The“Usage” andthe “Version” menuare availablein eachlevel of the processflow hierarchy
(refer tofigure 5.1).

The Procesd-low Modulein the PhoeniXCleanRoomDatabases a tool to managethe documentatiorior
the micro's and nano's cleanroom processes.lt offers the flexibility but also the communication
standardization to the various processes and technologies involved.

A properly managediatabasguaranteeshe accessibilityof the availableprocesse# the hierarchy.Also,
mostof the validation processwill be able to be doneautomaticallyso that the confusionin the process
alignmentandthe equipmentcontaminatiorcanbe preventedFinally, the regularupdateand maintenance
of the database will secure the continuous improvement of its quality.



