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Documentationof thecleanroomactivitiesis requiredto preservetheknowledgeabouttheprocessesandthe
technologiesinvolved; hencedifferent userswith different levels of expertisecan obtain the relevant
information easily.   

However,a documentationfor the micro'sandnano'scleanroomprocessesis difficult to realizebecauseof
the diverse technologies involved1 .

The ProcessFlow Module in the PhoeniXCleanroomDatabaseis a tool to managethe documentationfor
the micro's and nano'scleanroomprocesses.It offers the flexibility to implementvariousprocessesand
technologies affected. Nevertheless,its thoughtfully defined hierarchy and templates secure the
communication standardization. 

Whenthedatabaseis managedcorrectly,theavailableprocessesis accessibleconsiderably.Furthermore,the
quality 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 data from the equipmentscan be registeredas the input of the statisticalprocess
controlfor designiterationsby usingthesimlink. Scriptscanperformthestatisticalprocesscontrol,andalso
can send an automatic warning message and email when a deviation is detected.

Thepurposeof this applicationnoteis to exemplify thedevelopmentof aneffectivecleanroomdatabaseby
usingthePhoeniXProcessFlow Module.Thefocusof this noteis noton thetechnologicalissues,buton the
documentation and the verification aspects.

Thecasestudyfor this note,becauseof its well describedtechnology,is theprocessflow of theopticalcore
SiON by using the PECVD and RIE processes.
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Assumethat the peoplethat are involved in the cleanroomactivitiescanbe groupedbasedon their major
expertise:A

Equipment managers
Various equipmentsare available in the clean room, all with specific purposesand capabilities.
Equipmentmanagersare the expertsin the usageand the maintenanceof theseequipments.They also
give courses to use the equipments.A

Operators
Operatorsare the executorsof the processflows; which are typically madeby the designers.The
operatorsare the expertsin handlingthe waferswith the cleanroom'sequipments.They ensurethat the
process flows consist of the correct steps (which ideally are also reproducable).A

Designers
Designersaretheexpertsin thetechnologyapplications,designsandsimulations.Sincetheyfocuson the
productoptimizationby theavailabletechnologies,theyoftenhavelimited knowledgeabouttheusageof
the cleanroom's equipments and the processes involved.

In reality, thesefunctionsarenot alwaysclearly distinguishable.Thesecoarsefunction categorizationsare
used as a reference to compose the hierarchy of the database.

TheProcessFow DB modulein PhoeniXCR databaseconsistsof 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.



Figure 2.1  The hierarchy of the process flow database.

Eachlevel of thehierarchyhasa specificmenu.Eachmenucontainsuniquetemplates.The menuandtheir
templatesfunctionascommunicationstandardandknowledgemanagement.This way thereuse,thequality
improvement, and the validation of the defined processes can be realized. 

The usage of the menu/templates inside the hierarchy, and the definition 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. 
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One important issue in developinga databaseis managingthe information effectively. This section is
dedicated to show a possibility to sufficiently document the processes to develop an optical core by using the
SiON technology.

 

Figure 3.1  The menu/templates for process development in the Process Flow Database.
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First the equipmentsthatwill be usedin the processesshouldbe defined.Below aresomeequipmentsthat
are used for the etching and lithography processes. 

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

                                                                                                                                                                            

Figure 3.1.1 List of somecleanroomequipments.The plus and the minussignsare usedto arrangethe
contentsof eachmenuin alphabeticalorder.Here the contentsof the “Category” menuare arranged in
alphabetical order . 

The “Delete” buttonsare availableonly for the equipmentsthat are not committedyet. The committed
equipments cannot be deleted nor modified anymore, but one can still make a new version of it2.

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

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

2Refer to the online Manual for the elaborate explanation about how to use the PhoeniX database.
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Additional information can be set as the references. 

Note: The referencesin a form of the result files are recommendedto be placedin the ProcessStepor
ProcessBlock hierarchy, since they are related to the measurementprocessesinsteadof measurement
equipment.

Figure 3.1.1.1   The references for the RIE-Elektrotech Twin System PF340. 
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Processstepscan be definedas a sufficient step-by-stepdescriptionof how to usean equipmentto do a
cleanroomprocess.For example:a step-by-stepdescriptionto useRIE to etcha waferaretheventingstep,
the vacuum step, and the parameter setting step.

Processstepsarethekey to developan effectivedatabase.Processstepsshouldbe thoughtfully definedas
they are the constructorsof the processflows. Adequateprocessstepswill developa databasethat is re-
usable and is able to validate the process flows automatically.

Adequate process 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 havearea well-definedanda self-validatedprocessflow modulethat
cane.g.avoidtheforgottenprocesssteps/blocks;andthis shouldbethepurposesof anyonethatdesignsthe
processsteps: theprocessstepsshouldbere-usableandshouldbeableto validatetheprocessblocks/flows
that they build.

We stronglyrecommendthatsometime shouldbespentamongall expertisesin thecleanroomto makethe
stepswisely andfairly complete,evenif somemay think “this will neverbe used”. The experiencesshow
that if anexceptionmight exist,it will mostlikely occursoonerthanlater.Beingpreparedfor this will save
considerable effort in the future.
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Although one would prefer to have the re-usableprocesssteps,somestepsmay have to be specifically
defined due to the specific purpose. 

Below arethe list of the availableprocessstepsto etcha wafer by usingequipmentRIE-ElektrotechTwin
SystemPF340.Severaletchinggasesfor differentpurposesareavailablein this equipment.Dustheprocess
stepto set the equipmentparametershasto be specificallydefinedin accordancewith 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 accessiblefor all processblocks that usethe equipment
RIE-ElektrotechTwin SystemPF340.ProcessBlock is the nextlevelof hierarchyafter ProcessStep(refer
to figure 3.1).

The processstepwith ID [90] is dedicatedonly for a specific processblock that usethe equipmentRIE-
Elektrotech Twin System PF340 and 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/templateof the processstepwith ID 90. The“Result” menuis only available
when a measurement equipment is used. 
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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”.
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As previouslymentioned,processstepsarea step-by-stepdescriptionof how to usean equipmentto do a
cleanroom process. 

Processblock consistsof theseriesof processstepsthatarealignedproperlyso thata cleanroomprocessis
defined. 

Clicking the ID numberof processblock “Etch,RIE,SF6(ID 36) will showthemenuof the processblock.
Clicking the“Steps”menuwill revealtheprocessstepsusedandtheir properalignmentto definetheetching
process.

Figure 3.3.1   The process steps used in the process block “Etch, RIE, SF6” (process block ID 35). 
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Processflow consistsof theseriesof processblocksthatarealignedproperlyso thata processto developa
component; e.g. SiON optic core; is defined.

Clicking the ID numberof processflow “Optic coreSiON (ID 7) will showthe menuof the processflow.
Clicking the “Blocks” menuwill reveal the 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). 
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Clicking the “Summary” menu will show the list of the processesand the equipmentsinvolved in the
process flow. The “Overview” menu is the detailed version of the summary.    

The summaryand the overview are generatedautomaticallyby the database.Clicking 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). 
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The control andthe resultarethe links amongthe processesdefinedin different levelsof hierarchy.They
communicateby usingthemathematicalexpression,e.g.the resultin theprocessflow level is a functionof
the controls in the process blocks or in the equipments.

Theavailablemathematicalfunctionsandexpressionsfor ProcessFlowDBarelistedin theOnlineManualof
PhoeniX Database.
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The control buttonsof the equipmentshouldbe definedcompletely,so that they can be usedin various
process steps and process blocks. 

For example,theRIE-ElektrotechTwin SystemPF340hasseveralgasesto etchthewafer.All theavailable
gaseshave to be defined in the ProcessFlowDB/Equipmentlevel. Further in the higher hierarchy
(ProcessFlowDB/ProcessStepsor ProcessFlowDB/ProcessBlocks),the specificgas(es)usedto etchcanbe
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).  
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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 Assignthecontrolsfor theprocessstep“Etch,RIE,SF6,check/set/readparameters”(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 equipment.A
processcannotbe performedby an equipmentif the requiredrangeof theprocessis beyondthe capacity's
range of the equipment.
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Thereare two typesof controlsin the processblock: the inheritedand the local ones.Both are insidethe
“Control” menu.

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

Figure 3.5.3.1 The inheritedcontrolsfrom eachprocesstepsusedin the processblock “Etch, RIE, SF6”
(process block ID 35)

Thelocal controlsarethecontrolsdefinedspecificallyfor theprocessblock.Thesecontrolscanbeassigned
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).
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Therelationbetweenthe controlof a cleanroomequipmentandthe resultof a measurementequipmentcan
be defined by mathematical expression. 

Click the “Control” menuin the processflow “Optic coreSiON” (processflow 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 processflow “Optic core SiON” usesa measurementequipment(Dektak) to measurethe etchdepth.
Click the “Result” menu shows 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).

Theetchdepth,togetherwith thedurationtime of theetchingprocess,areusedto obtaintheetch.Theetch
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 mathematicalexpressionto define the etchrateas the etchdepth(processflow result
with ID 18– refer to the“ID” at figure 3.5.4.2) devidedby theetcing'sdurationtime(processblockcontrol
number 6 with ID 42 –  refer to the “FStep” and “ID” at figure 3.5.4.1). 

Themathematicalexpressionsto definetheminimumandthemaximumvaluesof theetchrateareobtained
in the similar way, replacing the “value” with “minvalue” and “maxvalue” respectively, e.g.
processflowresults[18].minvalue/processblockcontrols[6][42].minvalue.

The mathematicalexpressionsareableto interconnectthe controlsandthe resultsfrom different levelsof
the hierarchy.The higher level controlscanbe usedto specify the lower level controls.The resultsof the
current level can be used to specify the consecutive controls, and also the results in the higher level.



Thustheprocessflow controlscanbeusedto setthecontrolsof thefirst block in theflow. Thecontrolsand
the resultsof the first block can be used for 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: Theavailablemathematicalfunctionsand expressionsfor ProcessFlowDBare listed in the Online
Manual of PhoeniX Database.
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This section is dedicated to bring up the issue about process validation in FlowDB.

Figure 4.1  The menu/templates for process validation in the Process Flow Database. 
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Theprocessvalidationin thedatabasecanbestartedat theequipmentlevel by definingtheavailableandthe
forbidden materials for the equipment. 

Figure 4.1.1   The available and the forbidden materials for the
RIE - Elektrotech Twin System PF340. 
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At the processeslevel, the validation is defined inside the “Relations” menu.Below, as an example,the
relationamong theprocessstepsare established:which stepsareallowedandwhich onesarenot allowed
after and before a process step respectively.

Figure 4.2.1 The required preceding step and the forbidden proceedingsteps for the processstep
“Etch,RIE,SF6,check/ set/read parameters” (ID 90). 

Note: there-enabledproceedingstepsare usedwhentheforbiddenproceedingstepscan beappliedafter a
certainpreliminarysteps.For example:KOH etchingshouldneverproceedRIE, exceptwhenthecleaning
stepsare performedbeforehand.Soat the cleaningstep,which shouldbe setafter the RIE step,selectthe
KOH etching in the box “The re-enabled proceeding steps”. 

Specificallydefinedprecedingandproceedingstepscanavoidtheconfusionin thealignmentof theprocess
steps to perform a cleanroom process.
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This menu checks the materials used and the alignment of the process steps used in the process block.

This actionwill beautomaticallydoneby thedatabaseonly if theprocessvalidationsat theequipmentlevel
and the process step level were defined (refer to sections 4.1 and 4.2).

Figure 4.3.1 Warningmessagewhentheprocessstepsareallignedincorrectly,e.g.whenthestep“etching
process” is set before the step “minimize reflected RF power”. 

The messagesat figure 4.3.1suggestthat the step“minimize reflectedRF power” shouldprecedethe step
“etchingprocess”, andthestep“check/set/readparameters”shouldprecedethestep“minimize reflectedRF
power”.

When the steps are alligned correctly, there will be no message.
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This section is dedicated to bring up the issue about the quality improvement in FlowDB.

Figure 5.1  The menu/templates for process quality improvement in the Process Flow Database.
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The well-built equipmentand processesare committed/savedhence they becomea static part of the
database; the committed versions cannot be edited or deleted anymore. 

As thetechnologyandtheequipmentevolve,thecommittedversionsmayhoweverneedsomeimprovement
in the future. The improvementis doneby creatinga new versionof them,so that their contents,e.g. the
variables and the expressions, can be adjusted.

The newversionis assignedto evolvefrom the committedone,but it canalsobecreatedfrom the not-yet-
committedversion.This impliesseveralcommittedandseveralnot-yet-committedversionsexist, andthey
are related to each other. 

Thedatabaseprovidestheservicethattracksandkeepsthehistoryof theavailableversions,theevolutionof
each version, and the relation between each version of the processes and the equipment.      
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The “Versions” menu revealsthe availableversions,their evolvement,and the versionsof the applied
processes and equipment. 

Clicking the “Versions” menu in 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 generated automatically 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 one with ID 1.
� 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: Themostrecentversionis not alwaysthe samewith the latestone.The databaserefers the most
recentversionto the latestcommittedversion,which is not necessarilythe latestversionof the processes.
Attentionshouldbepaid on therevisiontimeline,which is fully describedin theonline Manualof PhoeniX
ProcessFlowDB. 
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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 generated automatically by the database. 

NOTE : The “Usage” and the “Version” menuare availablein each level of the processflow hierarchy
(refer to figure 5.1 ).
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TheProcessFlow Module in thePhoeniXCleanRoomDatabaseis a tool to managethedocumentationfor
the micro's and nano's cleanroom processes.It offers the flexibility but also the communication
standardization to the various processes and technologies involved.

A properlymanageddatabaseguaranteesthe accessibilityof theavailableprocessesin the hierarchy.Also,
mostof the validation processwill be able to be doneautomaticallyso that the confusionin the process
alignmentandthe equipmentcontaminationcanbe prevented.Finally, the regularupdateandmaintenance
of  the database will secure the continuous improvement of its quality.


