emiconductor Panel

Cleanroom fire safety enters new era

Ediror's Note: This articke is taken from a
pasel disczaion ow key issws imvolving fire-
safe platics, deanroom tools amd fume
exhaust systems with an emphasis on
owner’s neads, process companbility and
ol cont of ownership.

s ollowing an analysis of several wedl-

publicized semwcanducior fabrica-

N tion plant fires in Asia, the insur-
. ance firms that underwrite fabs
wd cleanroom facilies developed muore
itringent standards for matersals of construc-
san [MOC).

The initial standard, Factory Mutwal
M) 4910, defines requirements for flame
ogresson and smoke generation. A subse-
yeent standasd, UL 2360, deals with similas
equirements. Together, FM 4910 and UL
1380 serve i Industry consensus standards
or safer MOC choices in cleanroom tool
oastructian.

Whike maleay deanrooms safer, the new
neurance standsrds call for tools to be fabri
ated from new fire-resistant plastics, sach as
Halar  ethylene  chlorotrifluoroethylene
ECTFE), chlorimated polyvimd chlocide
CPVC), polyvisylidene chloride (PVDF) and

Meet the panel of cleanroom
fire-safety experts
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INSURANCE STANDARDS NOW CALL FOR TOOLS TO BE FABRICATED FROM NEW FIRE-RESISTANT MATERIALS, A PANEL 0F
MATERIALS EXPERTS CONSIDERS NEW CHALLENGES FACING FAB OWNERS AND TOOL MAKERS

some compounded fume-resistamt {FR)
polypropylenes. Use of these new mutenals, in
turn, creates another set of challenges.

Furst is the need 10 educate equipment
suppliers an how o design and build systems
with these new plastics.

A second challesge—the sapply of sheet
and sock shapes nesded w build equip-
ment—has been solved with the emergence
of several suppliers of plastic shapes in Noeth
America, Europe and Asia.

The finad challemge i the higher cost of
these advanced matenials The cost issue is
being solved with “hydrid” tools budk from a
combination of fire-safe matersals to optimize
affoedabslity, purity, fire resistance, strength
and process compatibility,

(eanReoms recently interviewed a panel
of experts 1o discover how the supply chain is
woeking 1o imgrove safety, control costs and
exare purity by incorporating the next-gen-
evation fire-revistant plastics into opeimized
hybrid sools and exhaust ducts.

CleunRooms magazine (CM): What are FM
4910 and 4922, and what & their purpase?

HP: FM Global 4910 is the deansoom mate-
rals Bammability sest protocol. FM 4922
is the approval standard for fume- and
snoke-exhaust ducs.

Both are designed 10 reduce fire-sade-
ty risks in deanroom operatian. They
ackueve this by demonstrating the mane-
risd or product’s ability to himie fire
spread and smoke damage in a dean-
roam fice,

Toalks constracted of materials meet-
ing FM 4910 do not requare an on-board
fire-suppression system when flammabide
and combustible Bguads are not used
the toal

Doctwork that meets FM 4922 chani-
nates the need 10 install asamatic sprin-
kers in fume exhaust and smoke-
removal systems.

CM: Haorw are plastics and products tested for
FM 4910 and FM 4922 appeoval?

HP: The manufacturer provides FM Global
with details oo the marerial sncluding

Jorey Wagrer (W) & techrical malesals mereg- composition, masufacturing peocess and
o of WestahaSign Tech Pstcs. & mangbactursr quality control. We visit the plant 10 con-
OF TwaTieplisite sock stapes and thTs. firm that the manefacruring process can
isentdy and relably produce 3 uni-

2B une 2007 wwwicleanrooms.com

“Vinyl and polyolefins should be consid-
ered for structural and other non-ultra-
pure applications in the wet bench. Their
rigidity makes them an ideal material for
use in the shels of cleanroom tools.”
.  —Peter Mullen (PM)

“Controlling costs for the end user is
achieved by engineering a combination of
materials that match each application.”
—Robin Douglas (RD)

“Every process engineer knows that with
smaller device ine widths, process con-
tamination becomes more of an issue.
Conventional FR polypropylenes can be
a source of contamination. By replacing
them with a material like Halar or PVDF, you eliminate
extractable and particle micro-contamination and
increase yield.” —Ray Bestnagel (RB)

“Tools constructed of materials meeting
FM 4910 do not require an on-board fire
suppression system when flalmmable and
combustible kquids are not used in the
tool. Ductwork that meets FM 4922
eliminates the need to install automatic sprinkiers in
fume exhaust and smoke removal systems.”

—Heron Peterkin (HP)

“Fabrication of fluoroplastics does not
create any safety problems as long as it
is done according to the resin manufac-
turer's recommendations. The 'Guide to

the Safe Handling of Fluoropolymer
Resins,” distributed by The Society of the Plastic
Industry, contains a summary of safety measures and
recommendations.” —Karol Argasinski (KA)
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e prodact.

Next we canducs lab tests of the mate-
clad or peoduct, If the 1eiting is successful,
we certity the product as FM 4910 o FM
912 complant. A list of FM 4910-com
pliant materials can be found at
www. fmglobal camfm4910.

We abso conduct annual sudits of
FM-approved products and maserials wo
ensure that they remaln compliant with
our standcarcs

CM: How difficult is it foe fabs 10 comply

with msarance safety sandards?

SF: Questsans as to cost, availsbility and

process comgunibdity are bewy addressed
as mote peoducts enter the market and
the industry becomes familiur with these
L‘\‘udua.hmn

{he next step for the standards indus
try would be 50 better define what guan
bty and arrangement of fice-safe Plasts
L

the ntent of the Natocoal Fire
Prevention  Associstion (NFPA) and
Semiconsductoe Equipment and
Materials Internatond (SEM1) stan
dards for metigsting fire cisks i cheany
roon

':.‘u“.'l:h'll'

On many wet process toals there are
still ineernal plastics for which listed
altermatives are scarce. And these are the

applications where the process risk is

grealest

CM: 1s there a cost premium for fire-safiety

equipment? How have you bandled this?

SF: There are often sgnificant cost premivens

S equipment constructed of fise-safe
el

In some cases, elimination of the
need 10 install fire suppressan systems
can help otfset the added cost of using
fire-safe materials of construction
although they typically do noe result in
4 Dt smvings.

Lantel bass ddentified other cost savings
in facility design and process applica-
tion—e.g., lire-rated barriers, chermical
controls—that can be achseved by wing
tire-safe plastics,

Fire-safe plastics can also reduce costs
ry controlling risk exposure and lower-
g insurance peersaums, But 10 achieve
thewe cost say ANES requires consement
applacati

of these mew materials

throughosst a production line or factory.

CM: How do you balance process compatibil
iy issues when evaluating fire-safe
matenaks of construction!

SF:- Py

wess compatibility s a paramount
concern for our industry, and a comnfort
level with the current marerials has grown
theough lata and operatioeal experience.

Many suppliers have developed hy-
brid designs that manage a mix of fire
safe plastics and sometimes non-listed

uumnmq—huummm-mmmn
the chipmakar's 300 mem plict line.

pastics according 1o <ost, quantity and workstations where process compatibil
process performance, Hybrids can con- Iy 15 an issue.
trol costs in the more sophisticared In less complicated workstathans—




cabunets and shebing &o applications
that are nod process critcal—the industey
15 developing Sre-safie plastics that have a
lower cost premiwm becsee of relaxed
process compatibility requiremonts

Shell construcuon asd secondary
contanment equipneent fuve been easi-
er W transition to firesafe plastics
becuse of thar Jower process risks 1
SUspect that many process-wetted applt
Gitons may eventaally transfer 0 fire
safde plastics as well.

OM: Do equipment suppliers have the

answersi

SF: No single equipment sapplier has all the

answers, but just about every ogaipment
supplier has some of the answers.
Although most of the inustry is familiar
with fire-safe plastscs, there are still many
questions to be resalved.

CM: What commercially available MOC

meet FM 4910 and FM 4922 standards?

RB: There are several. Materials for FM 4910

and UL 2360 mclode Halar ECTFE; dear
Halar ECTFE and PVDF fuaropoly-
mers compounded FR polypropylenes;
Coczan CPVC and dear CPVC and other
chloeinated polymers.

For FM 4922 exdhuust systems, the
matenals of constroction inchede stain-
b stoel—coated with echer Hadar E-
CTFE or ETFE—and fiber-reinforced
plastic [FRP) duacts
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although they typically o net resl! in & net sav-
logs, says lntals Staphen Fox.

PM:-These  muaterials  were tested by

Loternational Semwmtech for outgassing
properties and leaching purameters o
comenon industry salutions, ecluding
D1 water, czonated water and mixed-
provess chemicals,

CM: How are these materials used?
RB: Typically, <leangoom 100l strucrares are

Eabricated from these materials. Hadar E

CIFE and PVDF can also be used o
platic process tanks and modudes, o as
coatings and hinings in metal vessels. The
enateriads 10 be wed are selected based oo
a number of crineria, inchoding fice safecy,
pariy, peocess compatibaity, cocrosion

resistance, strength and cost.

Every process engineer knows that
with sevuller device line-widths, process
contamination becomes more of an
ssue. Cooventional FR polypropylenes
can be a source of comtamination. By
replacing them with a2 material ke
Halar or PVDFE, you eliminate extrace-
able and particle micro-comtamination
and Increase yield.

The highly corrasive solutions used
in wafer processing can cause poly-
olefins to pit, corrode and crack. Halar
is the only material thar can handle the
full pH range. Even PVDF is vulnerable
%o surface cracking and particalation in
chemmistries where the pH s greater
than 12.

PM: Fire-safe materials have many dafferent

applications withies the deansoom based
an the differest properties of the various
famnibies of plastics.

Vinyl and palyolefing showld be con-
sidered for strocturad and other noo-
ultra-pure applications & the wet bench
Their rigidity makes them an idesd mate-
rial for use in the shels of deanroom
tools. Vinyl and polyolefins can't be used
in the ualtra-pure wools themselves,
because heat stabdizers, pagments, Same-
retardants and other additives will keach
out and contamisate peocess fluids

CM: Jsn't it expensive o build the entire ool

wsing these costly FM-listed matenals

RB: That's where the new hybeid-tool con

cept comes in Differest materials are
used in d&ferent parts of the toal to deliv
er specific performance characteristics
You don't use costly fluoropolymers
throughout the ool Instead, you wie
them just where they are needed.



PM: As 2 toal’s construction is evaluated,

there are places where ultra-pure con-
ditions need to be met, and other
places where struciural integrity is
most valuable.

In a hybrd wol, wltra-pure areas,
such as the wee deck, splash aress and
tanks can be made of Ausimoot’s Halar
ECTFE. In witra-pure wiser applications,
Halar process surfaces sagnificantly
reduce the formation of becteria and
films compared with electropolished
stainless steel and PVDE

Seructaral areas, such as the tool's
shell, can be fabricated from Noveoe's
CPVCwhich  provides  structaral
integrity at lower cost than the fhao-
ropolymer nsateriak,

Mt How do you supply requests foe EM
4910 fire-safe woal?

RD: We evaluate the chemical compantibility

ol the entire peocess against a bst of
potential MOC.

Our first choice & 1o baild tools
made of incombustible materials,
including stainless steel and quartz.
Because some applications use ondy hot
UPW or solvents, we can easily meec
SEMI 5-14. For processes that are only
maldly corrosive, our tools incorporate
PVDF process sinks moanted in 3 stain-
less-stee] structure.

In p with con d acids,
we select the material hased on the phys-
ical characteristics necded. For 4 trans-
parent access panel coverang 4 plenum
handliey hot piranha, dear Halar ECTFE
would be the material of chaice because
% can withstand constant exposure 1o hot
FERICLRNE VApOrs.

DB: While our established wools are offered in

EM sl noo-FM versions, new wols are
Puschasng these materials in karge wi-
umes helps reduce our costs and
impeoves material forecasting,

Histocically, apprasimately 80 percent
of our 1ol shipments have been built
with FM-listed materals, and we expect
cusamer requests for these muaterials to
grow. We also expect FM 4910 manerial
Coals W contine 1o drop.

€M What can be done 10 control costs?
RD: Coaaralling costs foc the end wer &

achieved by cagimeering a combination
of materials that match each application.

The outer cabinet shells in Poly- How
toals have no contact with process Shuids,
so they are made from Corzan PVC,
which, as & pagmented material, has 2
suitable deanroom appearance.

Although bigher in price than non-
FM listed PVC, Corzan PVC is signifi-
cantly bess expenséve than Halar ECTFE
and PVDE, which have never been
affordable materials of construction
for cabiners.

DB: By understanding the user’s nesds and

wanslating those needs into eaterial

specifications early in the design process,
we can elimenate wineanssary costs in

sachaning, fabeicating snd testing of FM
4910 masterials,

It is a competitive nsarket, so sup-
pliers have 1o understand, anticipate,
and act 0@ our needs to be successful,
We take advantage of technical expert-
ise offered by our suppliers in fabrica-
tion technsques, safety and welding
training and fabrication equipment
recommendatsons.

€M Do you harve examples of hybeid wols?
DB: All of owr erching, deaning and immser-

sion tools we various FM 4910-lissed
fied PVC, CPVC, Halar ECTFE and
FVDF, which are browght w Gmal form
theough welding, vacuum forming and
thermal forming,

Through intelligent maserial seloc-
toa, hybeid wols can help us keep our
products competitively priced and help
our customers reduce their sotal cost of

ownenhip,
RD: We offer hybrid stroctures in our wafer

processing statioes s well as our parts

In our dual-chambered Typhoon
quartzware cleaner, for exsmple, the
process chumber and exhaas wnk are
fabricated from FM-listed PVDE The
pepeng and storage tanks are either PFA
or PVDE

We bl & stalndess-stedd spoce frame
#ndl encapsulated it with & Corzan sheet.
The inner PVDF process chamber is
webded lsside the Corzan CPVC outer




cabanet, and then the HTP 800 dear
accews panels and dooc are fitted. This
vields & structure that is strong, chemical -
ly resstant 10 HFE-based erchants and
fully FM compliant.

For our wafer processing stations, like
osar singhe-waber 300 mum Expose, we fre-
quently we Halar ECTFE for those sec-
tlans handling sulfurx acid and APM.
Halar primary and secandary contassn-
ment plenums are plyysically held in
phce nsde stanbess ranforced Corzan

“The next step for the standards industry would
be to better define what quantity and arrangement of fire-safe
plastic meets the intent of NFPA and SEMI standards for
mitigating fire risks in cleanroom equipment. On many wet
process tools, there are still internal plastics for which listed
alternatives are scarce. And these are the applications where
the process risk is greatest.” - intel's Stephen Fox

outer shells, This alkrws us 10 engineer
for maximum chemical resistance based
wpan exp and app ce with
plyysical strengeh based on cost.

Cxhewasl duct s

CM: What are the roganements for building
an FM-approved exbaust duct sysiens?

MH: FM 4922 addresses the ssue of corro
shon resistance in duct systems in the
12- w0 &0-inch diameter range, FM-
listed exhaust systems do not requare
imtermal speinkler peotection and can
be used in special-purpase areas such
a5 deansooms.

COM: What are the matenials of construction?

MH: Conventional metal duct systems typr-
callty cannoe bandle the variety of corro-
sive chemistries found m semiconduc-
tor manufacturing. The solution is %
use either FRP composites or fluo-
ropolymer-coated stainless sseel,

The FRP composste materials rely
on a corrosion-resistant inmer layer
with & non-fhammable exterior.

The comed stainless sieel systems
use & fhearapolymer coating on the
inner surface of a stainless steel duct
osstruction.

The two fluoropolymers currently in
use are ECTFE and ETFE. Both of these
materials provide excellent coerosion
resistasnce in a sysiem with the mechani-
cal integriry of stakndess steed

GDS produces the Kem Tuff sysiem
of Halar ECTFE flsaropalymer-coated
sainless steel, It is the same Halar
ECTFE wsed i plastic sheet for EM
4910-compliant deanroom toals, and
olfers excellent fire-resistance and cor-
rOSIoN protection.
from vinyl meets FM 4922 as it Is tested
today for the semiconduactor industry.
CPVC compounds used o manafacture
duxcts have been tested o FM 4910 and
may be a suitable muaterial for fire-safe

100l hook-ups wizhin the deanroom.

Flaste ol

CM: 15 welding and fabrication training for
the new FM-compliant materials
available?

KA: Knowladge of the properties of the dif-
ferent fluoropolymer resins and ther
grades b essencual in developing proper
customiers i solving fabeication prob.
lexns by sharing our experience i Boo-

ropolymer procesing,

PM: Key components of ssccessul thermo-
plastic welding indlude accurate semger-
ature comtrol, a chean, dry gas sousce
(either air oc nitrogen) and the proper
tools for preparation and execution of
the welding process.

The sheet and welding rod must be
manufactuced from like materials, Even
within a family of maserials, soch as
CPVC, manufacturers formudate their
comnpounds i differeat ways and there.
fore welding parameters may be diffes-
ent. This can result i poor weld quality
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