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IHR Physically-Based
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Dynamic Simulation for Engineering o e
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® Physical and chemical models can be incorporated into dynamic simulators
using commercial simulation platforms (Windows)

® Such simulators reveal time-dependent behavior critical to semiconductor
manufacturing equipment, process, sensor, and control behavior

® Dynamic simulators have been validated against experiment

® Applications of dynamic simulators include design, control, optimization, and
education/training
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Impurity Concentrations in Liquid Source Delivery

(w/ Motorola)
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Impurity Concentration Delivery Profile

VS. Source Temperature
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Real-Time Mass Spectrometry for Thickness f,“f
Metrology in RTCVD polySi from SiH, 4, S
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® Dynamic simulation can
realistically represent
complex systems,
including
— equipment
— process
— Sensors
— control
® Results validated against
experiment
— timing/dynamics
— Subtle systematics
® Numerous applications
— systems analysis
— optimization
— sensor-in-tool models
— control system design
— training ==> learning
® Platforms commercially
available (Windows)
® Exploit rapidly growing
software base

Dynamic RTCVD PolySi Simulator

Process Recipe

* Valves, MFC's vs. time, status
¢ Lamp power vs. time
« Overall process timing, conditions

7

Gas Flow

Vacuum chambers

Mass flow controllers
Pumps, valves
Conductances, volumes
Partial and total presssures
Pressure control system
Viscous/fluid flow

Equipment
Simulator

Heat Flow

« Wafer absorptivity, emissivity
Wafer thermal mass
Wafer radiation, conduction
Wafer temperature
Temperature control system
Process-dependent
absorptivity, emissivity
e Convective heat loss in fluid flow

partial pressures

Sensors and
Control System

temperatures

Process

CVD Reaction
¢ Gas phase transport
* Boundary layer transport
« Surface-condition-dependent
reaction rates - surface kinetics

Simulator

Sensors
* Total and partial pressures
« Temperatures
« Valve and MFC status
Controls
PID controlers for temperature
and pressure
Lamp power output control
* Throttle valve positions

¢ rates

Wafer State
* Deposition rate
e Film thickness
¢ Thickness control system
e Product properties - uniformity,
conformality, material quality,

topography, reliability

Y

Manufacturing
FoM Simulator

Manufacturing Process
Efficiency
¢ Cycletime
¢ Consumables volume
* Energy consumption

Environmental Assessment
* Gaseous emissions
¢ Reactant utilization
e Power consumption
« Solid waste
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IHR Dynamic RTCVD PolySi Simulator 9@
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SiH, Utilization
Environment
Manufacturing

Process Cycle Time
Manufacturing

SiH, Utilization (%)
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50

40

30

20

10

100

80

60

40

20

Environment

Constant flow rate
300 sccm

750°C

0 2 4 6
650°C —
-)/
__.
__.
0—. _A
700°C —T A
o—0 —A
A—"—A/‘
750°C
A B
0 2 2 6

Pressure (torr) at
which heating begins

SiH, Utilization (%)

Process Cycle Time (sec)

Optimizing for Manufacturing & e

50

40

30

20

10 }

150

100

50

-.\"‘I'."R Uy,

o
b e
4 S

TRy LA™

Constant temperature
650°C

See
\' 100 sccm
N\M' 200sccm |
‘M' 300 sccm
L]

——t——o—ooo—o 2 450sccm
—————mem-n.m w 000 SCCM

1000 sccm

0 2 4 6 8

100 sccm

200 sccm

300 sccm b
450 sccm
600 sccm
1000 sccm

Pressure (torr) at
which heating begins

A: start gas flow and heating simultaneously
B: start heating after gas flow established

CEBSM teleconference, Sept. 23, 1999

G. W. Rubloff [11999

arizerc.092399.ppt

9/13/99 9



IHR Multi-Sensor Integration and Control mﬁ;
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lock Ulvac ERA-1000
W CVD cluster tool

Process and

mass wafer state
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Dynamic Xj (t)

|
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system
Ulvac y .
controller PC LabView

PC VisSim Equipment state

Controller operates

) ; Controller operates real tool
virtual tool (simulator)
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New Use dynamic simulator to validate
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controller
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Motivation

Simulation is a powerful engineering
tool, but usability is increasingly
limited as complexity and validity

increases

User interface design is crucial to
usability and effectiveness

Simulation could provide active
learning experiences which enhance
education and training

Simulation must be encapsulated in a
rich exploratory environment for
effective learning at any/all levels

Engineered Learning Systems

effective user interface designs
simulation experiences for active learning
closely coupled guidance material
software tools as learning aides

easy authoring

educational continuum
— novice to expert
— classroom to on-the-job

CEBSM teleconference, Sept. 23, 1999 arizerc.092399.ppt
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Dynamic Simulator
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Enhanced User Interface for Simulator 'f'gu_l,b‘ig;
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ecycler System 1.0

gaIIin
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Dynamic simulator
(VisSim simulation platform tool)
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(Delphi visual development platform)
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and venting learned in the %acuum FPump System, this module provides for gas inlet of bath inert
Reactart pressure speues (NE) anu:l reactive species (SiH4) as required for polysilicon CYD deposition processes, a
oot o WIPIE which reguires pressures in the mtarr and torr regimes. Using a mass
rates and an adjustable throttle valve to contral gas flow to the turbo b
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IHR Current R&D Directions “h

=S for Learning Systems o

® Tools for experimentation and collaborative design
— Free and guided exploration, annotation, simulation experience sharing

— Models and simulations of system architecture, hardware elements,
control systems

® Increasing ability for system alteration and redesign by user
— Lab notebook, annotation, and collaboration
— User-choice in functional elements
— Network reconfiguration
® Incorporation of different modeling/simulation tools, including legacy
codes
— . Excel;, Java;Fortran, C/C++;...

® Broad applications set on common, commercial software base
— Manufacturing, control, optimization, equipment, ...
— Environment, hydrology, geopolitics, ...
— Commercial platforms for modeling/simulation and user interface design
— Commercialization of learning systems products

CEBSM teleconference, Sept. 23, 1999 arizerc.092399.ppt 9/13/99 16
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Heat Transfer and Chemical Reaction « AR
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HEAT TRANSFER Lamp heating of wafer
MODU E
iafer heating can be accomplished by uzing high power heating lamps to direct light (optical radiation) onte the wafer through a transparent
. windaw on the procesz chamber. Lamp heating iz particularhy important for uze in rapid thermal processing (RTF), in which the high radiative
What's new ... poweer of the lamps (kilowatts) can cause the wafer to heat rapidly (in 3 few seconds) to temperatures az high az 00-1000C. Typically, quarz
In the heattransfer module halogen lamps are used to illuminate the wafer.
Water heating panel
fafer heating monitor -
Heaﬁng methods Ta achiewve rapid wafer heating for RTP, the wafer must essentially be thermally
Lamp heating of wafer izolated from it= surroundings (&.g3., held in just a few paints, or by a ring). This
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Setting wafer temperature establish elevated temperature process conditions. Howewer, with the wafer
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9/13/99 21



IS8R Design for Authoring ;@

_— 4
WENTTE SR AVATEVR RRAR &7 o - —
LT

® Enable independent authoring of
— engineering/technical material vs.
— user interface and software design

® Provide effective authoring tools to engineering expert
— minimal if any software knowledge required
— reusable library of simulator objects

® Provide effective authoring tools to software/interface designer
— minimal if any engineering knowledge required
— reusable library of user interface and software objects

® Anticipate sequence of learning modules which can bring learner from novice
to knowledgeable practitioner status
— learning tool becomes on-the-job assistant

® Assess authoring efficiency from diverse set of application experiences
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Local/remote control switch on simulator:
Local - simulation controlled by “actuators” on simulator itself
Useful for engineers with domain knowledge
[ 3.27025=-005 | o - o - o o
& Enables continuous improvement of simulator’s physical fidelity
Remote - simulation controlled by “actuators” from user interface
Allows simulator control from user interface
_mmflz:l Removes need for interface designer to have domain knowledge
0
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&t Gas Flow Simulation 1.0

Hestart

Authoring - User Interface

IS[=] 3
L

Fressure History itu )

ar Simulation Parameter Setup
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General Instructions  Education Content |
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Simulation Viewer: IC:\F‘rngram FilesWWissimiissim30awissim30a Programivissim32. exe

Simulation File: IC:\CELS\GasFIUW\pIIWiSSim\gasﬂnw.\tsm
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Expand learning systems to

support Excel models

Process integration example i

completed (simple device)

Cost/performance modeling in Y

other industries

\:“I.\l.p- LY ) ,!"'J_,

- - - :':' {Jm
Process Integration and Yield Modeling  -%&&y-
IRt 4
TRy LA™
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Process Integration and Yield Modeling @1

ITemperature
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process integration and yield
® Across-wafer nonuniformity
® Process centering
® Statistical variation
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IHR Discrete Event Simulation &

it and Factory Operations Bols

® Expand learning systems to support legacy code (Fortran, C/C++, ...)

® Cluster tool simulator (logistics, scheduling) - implemented in Java, now
incorporated into engineered learning system

 Thiee Stage Cluster Tool = B3
Iﬂ&t Wakespan |:J
Lot Size: 2% < zjuzn,um | [2010] [200] [2010] 1 g
Toal Configuration |1 2 |4 = |3 = 01 ! ! ! .
Duration |15|3 Runz
Robot ) Lttilization Stage 1 ‘
Pumpdown a1z | @ @ @ =
® Factory operations 10 n I 0 ;
. chedulin iwed Sequence? . :
simulator (Factory senesing | Fredseamet| : S :
. . Ise uencel 23.da
EXplorer)’ ConSIStIng _LOUt Ut q | Liilization Stage 2
of Excel front end oo [T EE ke EgE
VV_h|Ch d_”VeS _ Utilization 0] '2 *3 + HS
simulation engine, Rebot  [5an s
now incorporated Stage ! tikzaton Stage 3
. . Stage 2 @0 20 20 180 ST T = e e -
into engineered 0o e 7io Hgen] . dqen ... {den ). {40
. Stage 3
learning system - g B RS RS R
Runs
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IHR Simulator-Based Manufacturing Education and v/

IH'

s Training for Microelectronics Processing 4, TS

TRy LN

® NSF grant EEC - 9526147, 9/15/95 - 8/31/00, P1 G. W. Rubloff, $600K

® Goal

— Develop and assess methodologies in which physically-realistic simulation tools can
be incorporated into broader software-based learning environments which are
available anytime, anywhere, and which can provide value not only for experienced
engineers, but also for manufacturing operators or technicians with little relevant
technical background

® Manufacturing Training Modules - for operators, technicians, and students
with little technical background
— Vacuum-Based Process Equipment
— Heat Transfer
— Chemical Processes

® Engineering Design Modules - for practicing engineers and graduate students
— Statistics and Design Optimization
— Process Control
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Center for Engineered Learning Systems " &).
TTE SN AATEUR RRAR =75 h"‘i.h‘-‘.
C.%. CELS
www.isr.umd.edu/CELS/ Internet-connected
Portable, standalone ‘@'
Systems » .
Individual ETECETIET Politics, .hlstory, technology Real-time and
and group economics, and asynchronous
active learning society collaboration and
experiences counsel

Mg

At work, in school, and at home

CELS is administered as a Center within the Institute for Systems Research, an entity of the A. James Clark School of Engineering at the University of Maryland.
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IHR Other Simulator-Based Learning Systems "m%;.;}-

TRy LR

. CELS
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Simulation-Based Learning Systems Sop
IHR for Environmentally-Benign Semiconductor ey

=2

TRy LRSS
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Manufacturing

® NSF grant EEC (recommended), 10/1/99-9/30/02, $400K

® PIG.W. Rubloff (U. Maryland ISR), Co-PI F. Shadman (U. Arizona
CEBSM)

® Goals
— Education modules at 3 levels: undergraduate, graduate, practitioners
— Incorporation of legacy simulators
— Simulation explorer
— Educational assessment
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IHR Wish List

1IN for ESH Learning Systems

® User-driven system design
— Choose individual system components
— Expand and reconfigure network
® Exploit existing models and simulations
— Utilize existing codes directly (Fortran, ...)
— Generate compact models in simple, systematic fashion
® Facilitate design and optimization of control system
— Incorporate various control systems elements
— Experiment with optimization and fault management algorithms

® Build the basis for systems design and optimization
— Educate new practicioners
— Support systems engineering for current practicioners
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® High quality user interface design expands value of simulation to
engineering and education

® Effective engineered learning systems combine

Simulation with good user interfaces

Tightly coupled guidance materials

Software learning aides

Tools to facilitate experimentation and collaboration

Easy authoring for both domain knowledge and software environment

® |Learning system enhancements in progress

Tools for experimentation and collaborative design

Increasing ability for system alteration and redesign by user

Incorporation of different modeling/simulation tools, including legacy codes
Broad applications set on common, commercial software base
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