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CHE 458/598

Semiconductor
Materials Processing

e Senior / grad technical elective

e Unit processes of semiconductor
manufacturing

e Emphasis on understanding
through 1st Principles modeling



Delivery Modes

e Live in ASU studio

e Television

— ITFS remote site network
— NTU

e Live WebCast



Student Diversity

e Undergraduate

e Graduate: Ph.D., M.S., non-thesis
Masters (SPM Program)

e Full-time students, part-time students,
full-time professionals

e Disciplines: CHE, MSE, EE, IE, CHM,
PHYS



Course Web Site

e All students access the site for
announcements, course
materials incl. lecture slides,
assignments, communication

e Two-step initial access process:

— navigate to http://asuonline.asu.edu,
select CHE 598 and Register

— Once at course site, click Enroll




Blackboard
Courseinfo 4.0

o ASU site license through DLT

e provides uniform look, features,
structure

e data-based structure -- no need
for HTML expertise

e http://www.blackboard.net



Web Site URL

You are welcome to visit the site!
Two guest accounts are available --
Username: CEBSMGuest1 and CEBSMGuest2

Password: green
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Gregony Raupp
Course Information

System Requirements for Online Video - Link to File

MACINTOSH

Windows 95, Windows 98, or

Windows MNT 4.0 with Service Mac ©OF 8.1 or later

Fack = FPowerPC G3 or G4

120 MHz or faster Intel Pentum processor (233 MHz or Substantl'al

processor (or equivalent) taster)

S2ME of EAN or more 6d WE E AN and 65 IWB performance
28.8 Ebps modem or taster wirtual metmnory

{56 & Ebps modem or faster 28.8 Ebps modem or faster enhancement

connection recotmmended) (56 6 Ebps modetmn or faster

16-bit sound card and speakers connection recommended) at highelf' Speeds
65, 000-color or better mdeo speakers

display card Internet connection and 4.0
Internet connection and web web browser

browser 25 ME free space on your
30 ME free space on your hard hard disk

disk

This course mchides wideo matertal that can be accessed online using the free
EealPlayer from Eeallletworlcs, If vou do not already have the EealPlayer
installed on your computer, you can download EealPlayver 7 or G2 using the links
below. (Mafe:You do not need to purchase the RealPlayer Plus).

Dacument: Dane




Course Documents

[Top ]: [ Powerpoirt Files ]
Current Location: Powerpoint Files

4 Back

Introduction (Session 1)

Introduction

Fowerpoint slide show for Wednesday, January 19, 2000,
Topic: Microelectronics products, process flows, driving forces

Introduction (\Web Version)
Introduction(Weh'srsion)

Silicon Production (Session 2)

=i Production

Fowerpoint slide show for Monday, January 24, 2000,

Topic: SG Si production, CZ crystal growth, wafer production

Silicon Production (Web Version)
SiProductionMyebt/arsion)

CZ Doping (Session 3)

Cidoping
Fowerpoint slide show for Wednesday, January 26, 2000,

Topic: Doping during CZ crystal growth

CZ Doping (\Web Yersion)
CZ DOPING

Diffusion (Session 4)

Diffusion

Fowerpoint slide show for Monday, January 31, 2000
Topic: Doping and Diffusion

|Document; Done

Powerpoint File

Packaged HTML from Powerpoint

20001CHESOES: Semiconductor

iles]:

Silicon Oxidation Il (Web Version) - Zilicon Oxidation || (Package Files)

CHE 438/598

Semiconductor
Materials Processing

Silicon Oxidation |l

Gregory B. Raupp (ASU)
©2000

Shide 1 of 54




Powerpoint Slides

e Large simple font

e Clear visuals

e Simple graphics %mﬂ@@ﬂﬂ%
e Outlines

e Limited information

e Equation editor



Learning
Objectives

e Describe and model effects of
substrate orientation and dopant
concentration in Si thermal oxidation

e Describe and model production of Cl,
in halogenic thermal oxidation of Si

through conventional and poin se
methods @:@B



Molecular processes
in D-G model

O oxidant ® oxidant ® reaction at
adsorption & diffusion interface
absorption through film



Model - Experiment
comparison: wet ox @mﬂ]ﬂmﬂm

_ model prediction

7)) /./.
o B s ® data
sEl 4
o2 4
| & good match at short
e and long times

time

10 hr



Thermal oxidation
in the presence of
halogens

e Motivation

e Chemical equilibrium based model for
Cl, concentration in furnace tube

e Manufacturing and Environment,
Safety and Health (ESH) issues and

solutions @@:ﬂ]ﬂ[ﬂ@@



Motivation for
halogen use

e enhances dielectric strength: hydroxyl
(OH) conversion

e heutralizes impurities




Halogenic Thermal @mﬂﬂ@ﬂﬂﬂﬂﬂ%

Oxidation

heater wafer

0 stack
o= S

C (mollcm%ﬁ}iCl Cl,
>




Chemical equilibrium
constraint: extent
expression simplified

-1 (25)4 ‘(20_5)

K,(T)=P"

(1-48)' (9250

For given T,P
single equation in single unknown:
solve iteratively for ¢



Concerns with
HCI

e ES&H: Environment, Safety & Health
issue: worker exposure (S&H)

e Manufacturing issue: corrosive to
equipment and supply lines
(maintenance and reliability)

e Solution: convert process to “point-
of-use” operation



Point-of-use
halogenic thermal
oxidation with TCA

0,
1,1,1-TCA
(Trichlorethane)

Cl;C—CH;+ 20, — 3HCI+2CO,

fast, irreversible reaction




ES&H concern
with 1,1,1-TCA

e Environmental issue: TCA extremely
stable in atmosphere

e GWG - global warming gas

e Solution: convert process to “point-
of-use” operation with
dichloroethylene (trans-LC™)



Remote Student -
Instructor Interaction

e Live instructor call-in
— phone number given on Web page
—audio through the TV or PC, not the phone

e Threaded Discussion Board
e On-line Office Hours (Chat Room)
e E-mail



Threaded Discussion Forums:
Admin, Technical, Feedback, Current Events Chat

Gregony Raupp 20001 CHES92: Semiconductor Materials Processing

DiscussionBoard /)

Forum: Technical Forum

EXPAND ALL |[+| COLLAPSE ALL |—
SEARCH |7

VIEW UNREAD MESSAGES (W

Show Options
-l assignment 2a - radial boundary condit. hlartin, Edward L 30-Jan-2000
Fe: assignment 2a - radial boundary. .. Haupp, Gregary 31-Jan-2000
=l assignrment 3h Thompson, Doug 31-Jan-2000
Fe assignment 3b Faupp, Gregory 31-Jan-2000
-l Assighment 5 Johnson, Stafford 05-Feb-2000
e Assignment S Faupp, Gregory 05-Feb-2000
- Assignment 7 Johnson, Stafford 0B-Feb-2000
Fe: Assignment 7 Haupp, Gregory 0&-Feb-2000
-l Aszsignment b FPei, Tzer Mei 0&-Feb-2000
Fe: Assignment 7h Haupp, Gregary 0&-Feb-2000
-l Assignment #9 Pei, Tzer Mei 13-Feb-2000
-l He: Assignment #3 Faupp, Gregory 13-Feb-2000
-l He: Assignment #9 Waida, Erin 13-Feb-2000
Fe: Assignment #3 Faupp, Gregory 15-Feb-2000

[ Click Here for Archives |

Sort By: |Default vI Start New Thread

4 Back to Forum View
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File Lezzon Mavigation Whiteboard
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: L Access
info navigation
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Questions & Answers

e the bz orthe right to sobemdt questions to the Temutar.

5 _'*|_I
|_ Fequest Private  Send |

‘lﬁﬂ | Unzigned Java Applet Window




Assignment
Submission

e hard copy (couriers)
e fax copy

o soft copy: Web-site dropbox
— Office 97 (Word, Powerpoint, Excel)
— Mathcad 6.0 Plus
— Matlab 5.0
— scanned image files



Key concern:
Student-Instructor Connection

e Show your human side
e Use ice-breakers
e Try limited interactive exercises

e Be responsive -- especially early
in the course

e Student pages



Overall Performance S99

Grade Studio TV Web

L

—

4 S

X
Xow>
N O O




Feedback from Students |

Chat room
beneficial

\

Instructor
response time
good

/

Strongly disagree

Disagree  Neutral Agree Strongly agree

/N

Sufficient opportunity
to interact with other
students

Discussion board
beneficial




Feedback from Students Il

e Most positive aspect: availability
of archived lectures

e Most common complaint: low
qguality of Webcast, net
congestion, unstable connections

e Course content and difficulty,
workload level met expectations



