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Objectives

« Use a fictional tool as an example to...

* lllustrate how to model the equipment using E-120
(Common Equipment Model)

* lllustrate how to model key equipment metadata
using 3510 (Equipment Self Description)

* lllustrate how to use equipment metadata to create
data collection plans using 3509 (Data Collection
Management)
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CEM/Self-Description Refresher _

Common Equipment Model

Equipment Self Description
(CEM, E-120)

(ESDS, 3510)
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“Simple” Tool

TransArm-300

Hotplate

7
(s )

« Imaginary, simplified, and completely useless for real
manufacturing but nevertheless illustrative Exhaust-
less Spin Coat and Bake tool from NuTrack, Inc.

— 2 Load Ports

— 1 Wafer transfer robot
— 1 Spin coater

— 1 Hotplate

| Back to Agenda




CEM Representation

NuTrack High-Level
Equipment Structure

|

NuTrack404

e

. J

Equipment |

 Major modules are the hotplate and coater

 Major subsystems are the load ports and transfer arm

5 E M 10
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I Back to Agenda

Represents the overall
, equipment, capable of
’ executing recipes, has a
model and serial number
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Load Ports

/7
A

I/ I/

Hotplate Coater

>

TransMC-300

 B.O.M for load ports

— Purchased from FOUPTronics, Inc.

— 2 25-wafer FOUPTron300 Front-Loaders (model

TRFL-2002)
— DeviceNet interface

‘FE STANDARDS I Back to Agenda
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CEM Representation

‘ NuTrack Load Port Structure ‘

Mount

MaterialLocation

« Each load port is named uniquely

A physical place within a
Module or Subsystem
where material is held

 Make, model, serial number, etc. are provided for each port

 [Each load port has a single material location where FOUP’s are mounted

* No other structural details are modeled
— Neither NuTrack nor their customers have a need to do so

5 E M 10
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Wafer Transfer

TransArm-300

/\A

Hotplate

Coater

v

TRFL-2002

o

 B.O.M for wafer transfer
— Purchased from RoboTrans, Inc.
— TransArm-300 robot
— TransMC-300 motion controller
— DeviceNet interface to motion controller

5 E M 10
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CEM Representation

_I NuTrack Transfer Arm Structure L

VacuumChuck

MaterialLocation

» Transfer arm and motion controller are modeled separately

— NuTrack made a determination that this was desirable for their diagnostic
applications

 Transfer arm has a single vacuum chuck where wafers are held during
transfer

5 E M 10
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Coater

Hotplate

Coater

TransMC-300

 B.O.M for the Spin Coater

— Spin chuck/motor/motion controller, dispense arm/motor/motion
controller, dispense bowl all developed by NuTrack

— Now pack adapter for photoresist purchased from photoresist
supplier, no electronic interface required

— Photoresist pump purchased from PumpTronics, Inc, model
Photopump300

‘E‘Cj’sﬁmdaans — Pump provides prop ez allel interface /_, semi —




CEM Representation

[ conter |

\ NuTrack Coater Structure ‘

VacuumChuck

MaterialLocation

 Dispense arm, spin chuck and motion controllers are modeled separately
— NuTrack made a determination that this was desirable for their diagnostic

applications

« Spin system has a single vacuum chuck where wafers are held during

transfer

‘EE STANDARDS I Back to Agenda
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Hotplate

/ RFL-20
Coater / % /
LV,

TransMC-300

Valve 2 controller

 B.O.M for the Hotplate

— Hot chuck, chamber hood, pins, and all associated actuators
developed by NuTrack

— Temperature controller (model TC300) and sensor (platinum RTD)
purchased from TCSystems, Inc,

e RS-232 interface

— MFC (model MFC300), 2 valves (model DMV3630), and 2 valve
controllers (model DMVC300) purchased from DigiMass

RS-232 interface for MF [ Backto Agenda | r valve controllers |




CEM Representation

NuTrack Transfer Arm Structure

TC300
DownstreamValve MFC300 UpstreamValve IODevice
HotChuck MaterialLocation

Sensor, actuator,
controller, or an
intelligent composite
device

« Chamber hood, pins and associated actuators all modeled together as a

Module

Temperature controller and sensor modeled as a single IODevice

« [Each valve and its controller modeled together as a single IODevice

e Hot chuck modeled as a Mater

Module

n belonging to the hotplate




Basic operation

States Data Programmable Parameters

Port occupied Port id Robot position

Port unoccupied Carrier id

Carrier docked Slot map

Carrier undocked Transfer robot coordinates TransArm-300
Carrier clamped Transfer arm coordinates

Carrier unclamped
Carrier door open
Carrier door closed
Carrier id read Hotplate
Carrier id not read

Slot map read ’

Slot map not read
Transfer robot in transit /

Transfer robot at rest
Transfer arm in transit
Transfer arm at rest
Transfer arm occupied
Transfer arm unoccupied

« Wafer retrieval from carrier
— Carrier is placed, docked, opened
— Slot map is read

— Transfer arm lowers to wafer position, extends into carrier
door, lifts, detects presence of wafer on arm, and retracts

out of the carrier ["Back o Agenda |




Basic operation (cont,)

States Data Programmable Parameters
Transfer robot in transit Transfer robot coordinates Robot position
Transfer robot at rest Transfer arm coordinates

TransArm-300

Transfer arm in transit
Transfer arm at rest
Transfer arm occupied
Transfer arm unoccupied

7
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— Transfer robot moves to coater position

« Wafer transfer to coater

— Raises/lowers arm to load height for the coater
— Extends into coater
— Places wafer on spin chuck

— Transfer arm retracts from|EZEEzgmaining at the coater position




Key 3510 Metadata — State Machines

StateMachines I

AI

—PI urn:semi-org:state-machine:E87-1101:LoadPortTransfer |<-——— I EquipmentAssociations

i

I

I

I

j— ---4 NuTrack404/LoadPort-1 |«—ﬁ

v 4
—»I urn:semi-org:state-machine:E87-1101:LoadPortReservation |< -y

¢’

¢

4 ' -I NuTrack404/LoadPort-2 Idi
=T~

[
1

—bl urn:semi-org:state-machine:E87-1101: LoadPortAccessMode

—»I urn:semi-org:state-machine:E87-1101:CarrierAssociation

4,|

-- -I NuTrack404/TransArm-300 I‘i
urn:nutrack-com:state-machine:CarrierClamp

|
1
1
1 !
1
1
1

4,|

—> LN ]

urn:nutrack-com:state-machine:TransferArm

All SEMI and non-SEMI state machines are described once
Associations are created between these state machines and all CEM nodes that implement them

All state machine descriptions can be queried using the “GetStateMachines” operation. Nodes that
implement the state machines can be queri atEquipmentAssociations”

I Back to Agenda
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Key Metadata — SEMI ObjTypes

StateMachines

Each ObjType is associated with a

4> .
. CEM node that acts as the source
for the ObjType
—»| urn:semi-org:state-machine:E87-1101:Carrier <~ ./ o
|
SEMIObjTypes : - EquipmentAssociations

— »  CarrierIDStatus ~<

—» ContentMap T

=
~=s

EEE— SlotMap  --------------------------==5 gq

4’ LN ]

> urn:semi-org:objType:E87-1101:Carrier ¢ --------------- NuTrack404 |€¢——

Each attribute has a data type and
may have associated units
(described later)

Any state machines for the ObjType are described once, as is the ObjType itself

The ObjType description refers to the state machine, and adds descriptions of its

attributes

The ObjType can then be associated with one or more CEM nodes

All ObjTypes can be accessed using (IEEREZZIMIObjTypes” operation




Key Metadata — Parameters

I EquipmentAssociations F

| NuTrack404/TransArm-300 |«

=== =------- -I ArmPosition |<—

4

>| CylindricalCoordinate |< +

1 -

- e/ = - = = == ==

|
|
|
AI TypeDefinitions I\ |
3
1

s |

Any units used by the equipment are described once, as are any data types (strings, arrays,
structures, etc.)

The units and types can then be used by parameters, which are defined for each CEM node

All units can be queried through “GetUnits [ Back to Agenda mations through “GetTypes”, and _
parameters for each CEM node through “GAssociations”




Key Metadata — Exceptions

Exceptions have unique identifiers,

-] descriptions, and a supplier-
7 defined “severity”
Exceptions P :
> DuplicateCarrierlD I S —— . EquipmentAssociations
| setDatay| ¢ prieriD i
bmmmmmmmmm o NuTrack404 |€¢———
clearData )
—— »| CarrierlD N
. EEEEEEEE NuTrack404/LoadPort-1 |[¢——
—> AccessModeVioIatior;\ ¢ ------ ]
\.( 1
o Seszos=g NuTrack404/LoadPort-2 [¢—
—> VacuumLoss 4-\\- =
\\ oo omed NuTrack404/TransArm-300 |¢—
> ... Data provided with each vee, &——

exception has a type definition
and units (not shown)

Each unique exception is described once, including the set/clear data that is
provided (for alarms). Alarms and supplier-defined runtime errors can be described

Each exception can then be associated with one or more CEM nodes

All exceptions can be queried through “GetExceptions”. The nodes that report
exceptions can be queried through “GetEquipmentAssociations”

I Back to Agenda




Basic operation (cont,)

States Data Programmable Parameters

Spin chuck occupied Dispense arm coordinates  Dispense arm coordinates

Spin chuck unoccupied  Pump volume Dispense volume

Spin chuck in transit Pump time Dispense time

Spin chuck at rest Spin chuck coordinates Spin chuck speed

Spin chuck spinning Spin chuck rotation speed  Spin chuck acceleration profile

Spin chuck accelerating Coater
Spin chuck at speed

Dispense arm in transit
Dispense arm at rest
Pump activated

Pump idle

« Wafer spin-up and dispense
— Spin chuck lowers into dispense bowl
— Spin chuck ramps up to dispense speed
— Dispense arm extends over center of wafer
— Dispense arm lowers to dispense position
— Pump is activated and dispense begins

‘FE STANDARDS I Back to Agenda
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Basic operation (cont,)

States Data Programmable Parameters
Spin chuck occupied Dispense arm coordinates  Dispense arm coordinates
Spin chuck unoccupied Spin chuck coordinates Spin chuck speed

Spin chuck in transit Spin chuck rotation speed  Spin chuck acceleration profile

Spin chuck at rest

Spin chuck spinning
Spin chuck accelerating
Spin chuck at speed
Dispense arm in transit
Dispense arm at rest
Pump activated

Pump idle

Photoresist thinning/casting, drying, completion

After dispense, while spin chuck is spinning, dispense arm is
retracted from over wafer

Spin chuck is ramped up to casting speed
Spin chuck ramps down to drying speed
Spin chuck ramps down to zero

Spin chuck is raised to wajgzemmsnload position




Key 3510 Metadata — State Machines ___

AI StateMachines I I EquipmentAssociations Ii
—> .
—bl urn:nutrack-com:state-machine:SpinChuck |< -------- -I NuTrack404/Coater/NuSpin I<—
—bl urn:nutrack-com:state-machine:DispenseArm I< ----- -INuTrack404/Coater/NuDispense|<7
—>I urn:nutrack-com:state-machine:PhotoresistPump I< -- -I NuTrack404/Coater/Photopump300 I<*
—>

. <_

The detailed behavioral models of each component of the spin coater
module are of use for both process control and diagnostic purposes

NuTrack designs the state machines and events that each component
can track, and includes them in their metadata

Each state machine is associated with its corresponding CEM node

‘g StakisarDs & seml J




Key Metadata — Parameters

—I Units I I EquipmentAssociations F

R
I NuTrack404/Coater/NuDispense |<7

—> . : . """""""" -| ArmPosition |«
N | | Dispvolume |«
AI TypeDefinitions Ii i E -
| : _
—PI CartesianPoint I_ ______ o i I NuTrack404/(|:oater/NuSp|n I<—
|

> . e .

« Set points, physical data, configuration constants, etc. are modeled
as parameters for each component of the coater
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Key Metadata — Exceptions

AI Exceptions I I EquipmentAssociations F
A4 :
—bl VacuumLoss I el -I NuTrack404/Coater/NuSpin |<7
—PI DeviceNotResponding I<————-: - --- -I NuTrack404/Coater/NuDispense |<—
—PI LowPhotoLevel I s -I NuTrack404/Coater/Photopump300 |<7
A |
I . Bttt oo ‘

 Errors and alarms for each coater component are
modeled as exceptions and associated with the CEM

nodes that report them

‘FE STANDARDS I Back to Agenda
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Basic operation (cont,)

States Data Programmable Parameters
Transfer robot in transit  Transfer robot coordinates Robot position

Transfer robot at rest Transfer arm coordinates

Transfer arm in transit TransArm-800

Transfer arm at rest
Transfer arm occupied
Transfer arm unoccupied

Hotplate

« Wafer transfer to hotplate

— Transfer arm extends into coater under wafer

— Raises wafer, detects wafer presence, retracts from coater

— Transfer robot moves to hotplate position

— Hotplate cover is opened

— Transfer arm extends into hotplate, lowers wafer onto exchange
pins
;I;l;;clr?lsliz’gua;m retracts from Bto I starts working on next wafer




Basic operation (cont,)

States

Hood open

Hood closed

Pins up

Pins down

Hot chuck occupied
Hot chuck unoccupied
Temperature adjusting
Temperature stable
Valve 1 open

Valve 1 closed

Valve 2 open

Valve 2 closed

MFC on

MFC off

e Bake

Data Programmable Parameters
Hot chuck temperature  Hot chuck temperature

MFC flow rate MFC flow rate

Valve 1 voltage Bake time

Valve 2 voltage
Pin actuator voltage

— Hotplate hood is closed

— Exchange pins retract, wafer rests on hot chuck

— MFC sets gas flow rate and valves are opened

=

Hotplate

Valve 1 controller

Valve 2 controller

— Temperature controller retains set temperature for set time

— Exchange pins lift to support wafer
— MFC reduces flow rate, Ni{IEZZEzlve is closed




Key 3510 Metadata — State Machines ___

StateMachines I I EquipmentAssociations Ii
.
urn:nutrack-com:state-machine:MFC |< ---------- -I NuTrack404/Hotplate/MFC300 |<7

--- -I NuTrack404/Hotplate/UpstreamValve |<7

-INuTrack404IHotpIate/DownstreamVaIveI«

urn:nutrack-com:state-machine:Hood ==

oo -I NuTrack404/Hotplate I"

—>
—»I urn:nutrack-com:state-machine:Valve I<—‘
—|
—>

. 4_

The detailed behavioral models of each component of the hotplate module
are of use for diagnostic purposes, many are useful for process control

NuTrack designs the state machines and events that each component can
track, and includes them in their metadata

Each state machine is associated with its corresponding CEM node
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Key Metadata — Parameters

—I Units I I EquipmentAssociations F

: I NuTrack404/Hotplate/TC300 |<7
---------------- . l

]
st
. i i i I RampRate |<—
4' TypeDefinitions Ii E E . <
[ Temperature I_ | NuTrack40|4lHothate -

fmmmmm - -i ----- |- -l PinVoltage |<7
4" Voltage I' """" IS 1 BakeTime |«

1 1

A__ L ____ o

1

—»I Duration E
A X vee €&

—> ... L E L PP P PPy

- Set points, physical data, configuration constants, etc. are modeled as
parameters for each component of the hotplate

 NuTrack exposes control voltages used for diagnostic purposes

‘Ef: ’sz"Ndaans| 0 semi -




Key Metadata — Exceptions

AI Exceptions I I EquipmentAssociations F
A4 :
—bl OverTemperature I Funtt -I NuTrack404/Hotplate |<7
—PI DeviceNotResponding I<————-: —------- -I NuTrack404/Hotplate/TC300 |<—
—PI PressurelLoss I s -I NuTrack404/Hotplate/MFC300 |<7
A :
I . L S

L] 4_

* Errors and alarms for each hotplate component are
modeled as exceptions and associated with the CEM

nodes that report them

‘FE STANDARDS I Back to Agenda
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Basic operation (cont,)

States Data Programmable Parameters

Transfer robot in transit Port id Robot position

Transfer robot at rest Carrier id

Transfer arm in transit Slot map TransArm-300
Transfer arm at rest Transfer robot coordinates >
Transfer arm occupied Transfer arm coordinates

Transfer arm unoccupied

Hotplate

7
(e )

* Processed wafer transfer to carrier

Transfer robot moves to hotplate position (if not there already)
Transfer arm extends into hotplate, lifts wafer off pins, and retracts
Transfer robot moves to load port position

Raises/lowers arm to slot height for the processed wafer

Extends into carrier, lowers wafer onto slot

Transfer arm retracts from Bzl




Data Collection Mgmt (3509) Refresher

DataCollectionManager

[}
[}
'} Receive from clients

Send to clients i

v
DataCollectionPlan DataCollectionReport
EventRequest TraceRequest ExceptionRequest ExceptionReport | | TraceReport EventReport
ParameterRequest ParameterValue

« Clients submit Data Collection Plans (DCP’s) to the equipment
using the DataCollectionManager interface

« Each DCP describes the events, trace data, and exceptions of
interest to the client

« DCP data is sent to clients via a data collection report message

5 E M 10
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I Back to Agenda
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Data Sources and ltems

. Equipment Self Description
Data Collection Management (ESDS, 3510)
(DCM, 3509)
— NuTrack404

-
T

I DataCollectionPlan I | -~ \ 4

v
~| EventRequestI ITraceRequestI | Ez(ggpt'r&nﬁ'éq
_id |

_—

=—| ArmPosition ‘

p—
-
-
—
-
-
-
_—
-
-
-

—>| ParameterRequest |<—

-
)
== -

-

- - - -
- -
- -
- -
-
- -
N -
- —— -
- -
- -

-
——————
—————
—————
—————
-

« Exceptions, events, and parameters are identified by two fields: a source
and a name or id

« Exceptions, events, and parameters that belong to a CEM node have the
CEM node as the source

« Events and attributes of an ObjType have the CEM node AND the
Ob'fo?e name as the source
§’sﬁ\"ndmns /‘I semi -




Hotplate Temperature Trace

_Data traces can be triggered on
I DataCollectionPlan I _.»”" and off by the occurrence of events

—I TraceRequest I ,/’, I ExceptionRequest I
sta rt%rl EventTrigger | source =“NuTrack404/Hotplate” |
t:l source=“NuTrack404/Hotplate” I id="OverTemperature I
| id=“waferPlaced” |

—>| ParameterRequest |

{ source=“NuTrack404/Hotplate/TC300” |

{ name=“Temperature” |

« DCP’s can be as specific or as all-inclusive as needed, according to the
intended use

« A very simple DCP for the hotplate that traces the temperature profile
can be created and provided by NuTrack when the tool is delivered

‘g’sﬁ'ﬁdanns /‘, semi -




Hotplate Temperature DCR

I DataCollectionReport I

|
v v

| ExceptionReport | I TraceReport |

| inScopeTime |
—» outOfScopeTime|

time —>| CollectedData |
—>| ParameterVaIuel —>|_startTime |

>| endTime |

| ParameterValue I

source

——»| RealValue=“3.2e+02” |

 DCP output can be buffered in integral minutes; all events, exceptions,
or trace results produced in that interval are packaged together

 DCP output can be unbuffered — events, exceptions, and trace results
are sent as they are produced

‘g’sﬁ'ﬁdanns /‘, semi -




Summary

E120 provides a consistent vocabulary for
describing equipment structure

3510 provides a comprehensive set of data
structures to describe information available
from the equipment

3510 and E120 together simplify the naming
and identification of equipment data items

3510 and 3509 together create a more
manageable and flexible data collection
environment

/psemi -
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