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%. MICROCONTAMINATION Exposition

c/o Canon Communications, Inc.
3340 Ocean Park Blvd., Suite 1000
Santa Monica, CA 90405-3216
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From CLEAN ToO
ULTRACLEAN — AND EVERY
CLASS LEVEL IN BETWEEN.

My company shares something in ¢ with MICROCONTAMINATION 92—
we both offer something different from others in the industry. The quality technical
professionals attending the show deserve to see the advantages of our products.

ExrosrTioN: OcTOBER 28-29
CONFERENCE: OCTOBER 27-30

SANTA CLARA CONVENTION CENTER YES, [ WANT TO SHOWCASE

NOILYNIRYINGY

How do we sign up?

SANTA CLARA, CALIFORNIA

My Probucts To THE CLASSES.

] Send me information about exhibiting at MICROCONTAMENATION 92.

SPONSORED BY MICROCONTAMINATION MAGAZINE

[J Send me information about attending the conferences.
O3 MICROCONTAMINATION 92 Conference
3 Cleanroom Technology Forum

YES, I WANT TO SHOWCASE
My ProbpucTts To THE CLASSES.

[ Send me information about exhibiting at MICROCONTAMINATION 92.

[ Send me information about attending tl}e conferences.
[J MICROCONTAMINATION 92 Conference

[ Cleanroom Technology Forum

Name Tule __

Company Name

Address

City State. zip
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THE MAGAZINE FOR ULTRACLEAN MANUFACTURING TECHNOLOGY

JUNE 1992 VOLUME 10 NUMBER 6
EXCLUSIVE: SEMATECH COST OF OWNERSHIP MODEL

Reducing tungsten-etch equipment cost of ownership through in situ

contamination prevention and reduction (second in a series)

Achieving 61% increase in number of days between process

cleans, 73% decrease in number of particles added.
Ray W. Burghard, Daren L. Ddnce, Richard J. Markle, and Todd A. Silvestri

- PROCESS CLEANLINESS
Monitoring particles in plasma processing equipment’
Using particle counters to check recovery
behavior of process tools after irregular events.
Gregor Strasser, Paul R. Muralt, and Markus Hofer

ULTRAPURE FLUIDS.

Characterizing and measuring sources of wafer

4 5 surface contamination in wet processes
Studying how to reduce the level of metallic

contamination on the wafer surface.

Rich Poliak, Robert Matthews, Prasenjit “Kim” Gupta,
Mike Frost, and Baylor Triplett

MD&M EAST 92/CCEF

followed by a special report, “Verifying and monitoring medical
and pharmaceutical cleanroom areas,” by Alvin Lieberman.

CLEANROOM MANAGEMENT FORUM

An executive primer for hazardous waste
disposal in the semiconductor industry

5 1 A schedule of the Cleanrooms & Controlled Environments Forum,

Edward J. Sawicki

Technical event schedules, including ISMSS; times for Standards
6 2 meetings; list of key exhibitors; and general floor plan
for the Moscone Center complex are presented.
9 Editor’s page 78 Product technology news
10 Letters: T. J. roars back * Amray SEM resolves
12 Industry news submicron defects on
» Developing certification group substrates up to 200 mm

faces its first crucial test _* Biodecontamination system
« U.S. share of chip tool market rises safely sterilizes surfaces
* Joint venture taps Ohmi technology What’s new, who's hot

* MICRO 92: Show returns * Products
to Silicon Valley 90 Spotlight: Wet process stations
» Briefly speaking ... 97 Calendar
26 Guest editorial: Achieving success 98 Classifieds
through partnering in the global 98 Ad index
marketplace
William /. Kroll Cover: Sematech’s Cost of Ownership model pro-

vides a simple way to get chip-manufacturing ex-
penses under control. Photo by Ed Shvartzman, cour-
tesy of Sematech, Austin, TX.
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@ International Symposium on Room Air Convection and
Ventilation Effectiveness

CONTENTS
Opening Session Keynote Lectures

Ventilation Effectiveness and, Purging Flow Rate -
A Review
M. Sandberg Swedensereresessnserasnene |

New Scales for Ventilation Efficiency and Their
Application Based on Numerical Simulation of Room Airflow

S. Murakami . Japan seeeeeeseneessnieen 22

First Session Invited papers 1

Air Distribution Systems -
Room Air Movement and Ventilation Efficiency

P. V. Nielsen Denmark s----eeeeeceesee 39
The Role and Application of Ventilation Effectiveness
in Design

M. W. Liddament U.K. sersssosessesssssescaces  §G

Numerical Simulation of Room Thermal Convection, -
Review of IEA Annex-20 Results

A. Moser Switzerland sweeeeeeee T8
Natural Ventilation and Indoor Air Quality
D. T. Grimsrud U.S. A, seesenssrssrariseases  G7
Second Session Simulation of Room Air Convection I

Indoor Aerodynamics and Ventilation Design
in Big Enclosed Spaces

W. K. Chow, W. Y. Fung Hong Kong ++esveeeeeer 111

Numerical Simulation of Indoor Air Temperature and
Wall Heat Flow Distribution of a Heated and Cooled Room

Y. Takemasa, T. Kurabuchi, M. Kamata Japan ceececeseeeienninie 125
An Application of k- & Turbulence Model to Predict

How a Rectangular Obstacle with Heat Flux
in a Slot-ventilated Enclosure Affects Air Flow

H. L. ChOi, H. T. Kim . Korea ..................... 131

Numerical Study on Atrium by Means of Macroscopic Model
and k— ¢ Turbulence Model

H. Niwa, Y. Kondo Japan seeeeessrereeneessens 148



| SECPEREE RS PY

Evaluation of Ventilation Effectiveness and
Worker Exposure at the Design Stage

P. 0. Tjelflaat NOTWay++++ssessesnnersanses 154
Third Session Displacement, Raised-floor ventilation

Low-Impulse Ceiling Diffusor for Displacement Ventilation
B. Kvisgaard, J. S. Madsen Denmark -eeeeeseeereeeeen 165
Comparison of Dilution and Displacement Ventilation
for Thermal and Contaminant Control
in a Simulated Office Environment
H. D. Goodfellow, J. Grebenc Canadarsssssseeerresensione 171

The Field Measurements in the Occupied Zones
Installed the Under Floor Air Conditioning Systems

H. Hanzawa, Y. Nagasawa, T. Moriyama Japan ceeeseesernnienenns 177

Simplified Calculation Model of Room Air Temperature
Profile in Under-floor Air-conditioning System

H. Tto, N. Nakahara Japan esesssereeeesisienn 183

Ventilation Efficiency in a Two-dimensional Enclosure
with a Supply Outlet in the Ceiling or in the Floor

SA Nagano' T Mlma Japan ..................... 189
Fourth Session Simulation of Room Air Convection II
Comparison of Two k- & Models for Simulation of
Turbulent Natural Convection in a Square Cavity

C.Beghein, C.Inard, F.Allard Francesse--s+seessesesees 195

Two- and Three-Dimensional Finite-Volume Predictions of
Flow in a Stairwell and Comparison with Experiment

S. Ergin-Ozkan, M. R. Mokhtarzadeh-Dehghan, UK. +reveasaionsanersossunne 201
A. J. Reynolds

Computer Modelling of Stratified Flows
inside an Experimental Building

R.M. Aynsley, N.V. Orr, H.N. Neels New Zealand «--veeeeeee- 207

A Numerical Prediction of Thermal Environment
in a Room Heated with Floor Panels

M. Kaizuka, S. Iwamoto, A. Ishii Japan ceeeeeeeeiseeenees 213
Fifth Session Clean Room, Specialized Ventilation

A Study on Diffusion Property of Airborne Particles
in Clean Room
Y. Shibuya, H. Kobayashi Japan seeeseeeesseneennn 22]

Supply Plenum, Supply Air Volume and Air Flow Uniformity
in Cleanrooms
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Sixth Session

Seventh Session

J. Y. Sohn, H. J. Chang, W. S. Shim, €. S. Kim

Airflow Turbulence in a Unidirectional Cleanroom
S. Fujii, K. Yuasa, Y. Arai, N. Ohigashi, Y. Suwa

Study on Performance of Air Curtain Enclosure
for Local Cooling or Air-conditioning

R. M. Ma, S. Q. Yian
Pertormance Comparison of Upward and Downward Ventilations
I. G. Kim, H. Homma, -S. Nagai, 1. Ninomiya

Sanitary Estimation of Vortex Air Circulation
for Work-room Ventilation

L. V. Kuz'mina, A. M. Popova, A.S. Gus'kov,
L. S. Dmitrieva
Invited papers 1I
Assessing Ventilation Effectiveness
in Mechanically Ventilated Office Buildings
A. Persily

Air Exchange Effectiveness in Office Buildings :
Measurement Techniques and Results

W. J. Fisk, D. Faulkner
Efficient Ventilation for Human Comfort
P. 0. Fanger
Modelling and Application of Ventilation
Effectiveness
Local Ventilation Effectiveness in the Breathing Zone
J. 0. Sateri

Mean Age of Room Air <t> for Ideal and
Non-ldeal Flow Patterns

S. Holmberg
New Scales for Evaluating Ventilation Efficiency
as Affected by Supply and Exhaust Openings
Based on Spatial Distribution of Contaminant
S. Kato, S. Murakami, H.Kobayashi
Calculation of Ventilation Effectiveness using Steady.
State Concentration Distributions and Turbulent Airflow
Patterns in a Half Scale Office Building
H. Han
A Numerical Method for Predicting Age of Air in Rooms

H. Matsumoto, M. Kato

Korea ---cecevesrreencinne

Ching eeseeeseereeseneinens

Japan seeseerereerenasans

RUSSiaseseorevesersmrvaenes

U.S. A, wreoreronsersoseseres

Denmark ceeseeeeeeeeesens

Finland «-«seseecsnrenes

Japan ssssaccenesasanensans

230

236

248

254

260

282

296

307

313

321

333

- 339
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Eighth Session Simulation of Room Air Convection III

Numerical Simulation of an Air Flow with Smoke Particles
Caused by a Fire

Y. Horibata Japan eeeseseesiseinnees 345
Design of Smoke Control in Large Rock Premises

H. M. Mathisen, O. Mel:and, F. Frydenlund Norway:seseeereeesesessenes 351

Highly Accurate and Non-Oscillatory Finite-Difference
Approximation Method for Convection Diffusion Equations
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