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CLEAN ROOM FILTERS

Thee Tast few vears have seen o sreiking changs in the
appriacdt o HEPA, UTPA and CHEMICAL filters. The
clietngey e influeniced  chaice of moderial, resting
methads cnd the manufactire of flrers, as well as the
relationship botwees the supplice ard waer,

The requirementy of the envivonmeant in clean fooms hove
invreased significomh. The. elecrranics industry must
desipmn and canstruct systems today which will alse meet
the heeds of the future. Development & rapid and we
kncew that criteria for particelates ond gasex will be of
decisive wnporance, The HEPA, ULPA and CHEMICAL
[filters of the future ure alveady needed none

Cageguently, the microclectronics industey has av such
ledd the dovelopment and beer the deiving force belined
mast of the innevations aod mpreovenends, But e revalrs
fiove benefived the rext of incdusiey cov

CLEAN ROOM

The "Hearl" of the Clean Room i the filter, bt there are
a number of congiderationg regarding room classification,
choice ol filter and  how the filters influence
enviromnent,

Whal i class 0V What i a 000 pm flter? Daoosee need
“mirvacle!” filters forhigher requirements?

A filter is wsed wherever there 15 o need and 2 neeessily
T & aigh level of elean aiv, The welinique of Glration fo
uny Tevel of elian air hag heen possible for 2 long time
and has heen relatively inexpensive and simple.

Today the requirements is very much coneenivated o
what happens within e seiniconductor industry, The
number of lansislors on dhe “ehip” is increasing al a rate
ul 30-00%: pur year al the same time as the line width and
Ihickness aves reducing by 20-30% per vear,

The critical particle size 13 ball of the line widih and the
critical particle coocentration decrease down ta class 1 for
the eritical  particle sives. Today we can find 256Mhb
memories hased on 0250m size or 250om technalogy,
There are existing solotons Tor 1EGom wechnology, Dt
for 150 and 13am there are very few solutions. For
it and  smaller there are no knewn solulions and in
some eases there we also physically limits,

Table L, Development of mcmory capacity and (e width
i imtegrated eiveuits, STO0F Senivonductors Roadmeap £

Line Critical

Memory | width | size |[Concentration”™

Year | (bitsichip) | (nm) | (pm) |::+su'l'..i-:l-:s.'.-fm1
(o7 256 M| 250 (123 EF
1800 1 (L RN 12

200 1G] 450 JO078 o B
2003 4 G [0 | (RS 5
G fe (3 4L 2
WY O s (L35 1
2002 256 0 50 10025 I

“iNwmber of particles letrger than oritfeat yize.

Figure |. Fxample of @ Clean raom,
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CONTAMINANTS

Most modern industries for the manofactare of inteprated
cirenirs {chips) are designed 1o lilter small particulates at
cxtremely low levels, They have not been designed to
deal with molecular impurities {gases, vapours),

It weas knowam al an carly slage thal metallic impurities
such az Ma, e, Cu, Zn Al o can canse electrical
breakdown in thin electrical insulating layers and current
leakape in P and N circuils.

AL e slart ol e 19905, 1he microclecleonics indostry
chiseovered thal phosphorous imporities and horan could
cause simikar phenomena and doping of P circuits, The
ransistor’s capacitance as o funetion ol the voltage
changes and can produce defective clreuits, External
gases such as No, 50.. KClL NaCl, hydrscarbon
ionpurilics and pases inlermal 1o he plant or from the
prowcess, HFETICL NIT; T oand, above all, I8 must be
controlled at sxtremaely low lovels,

The  effect of molecular  bopurities s wel Tully
dnvunented bul twir Dnportance s growing and i s
ercial  Tuclor for Mulore manuleiore of integrated
circuite,

It has been shown that quite a nuwmber of te unpuritics
derive Trom conventivoa] HEPA and ULPA (licrs a1 a
vary loow level Thie glass Glter material normally containg
a high level of boron, which can be degassed. Adhesive
can contwn o high o level of phosphorous or other
impurities in order to create a fre-resistant material. The
Lesl aerose] may evaporae rom the fllers and impurifics
frome the mannfacinring process may he detected a3t 2
later st Thiz places entirely new demands on
particulate filters in the torm of chowe of material,
testing, manulaciore and -decumentation, At the same
time, an ever incredsing mportance  belog placed on
[illers for separating poses.

The demand for eleangr envirnnments hag, toaether with
the developmeant of particle counters, led o the alder test
methods and classifications being modified or adjusted 1o
suit the new conditions. This mixtuee of old and ocow
conditions can be difficull w understand.

Figwre 2. An Afuolute fler for o clean riom,

ABSOLUTE FILTER

Absolute filters were developed during the seeond World
War and the definition of an Absolute Gler is " a filter
willl iminimwn BOP eflicieney of 99,97 4"

The DOT method tests the penetration of the filter by
F L particles, which was considered the most dilTicult
particle size for a filter to collect, The “crilical” particle
size depends on (ller media performances and veloeity,
Wil fibers and medin used today the mest diflicult
pariicle size o collect iz aboot 0.1 1o 0.2 pm.

(%) Penetimation
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Figure 3. Fenerration i particle size for an [PA

Filter, The mest penetrating pariiele size isea, 0.0 2,

Thi: development of particls  measuring  equipment,
rogether with racnonal elficiency requirements have led
o new test methods for Absolute fllers. Ooe example of
this is the Laser Pacticle test nwethed ancd the fesr with the
enost penelrating partiele siae (IMPPS ) in N 1822,

FILTER MAVERIAL

HEEA and LILEA tillers are generally made of glass Tibre
malerial which contains approx. 1% boron which may
be released 1o e presence of moisiore or in contact with
bilroggen fooride (T, Although the concentrations
from this and ather outgassing moleculars are extremely
b it concerns  the  advanced  productivn  in
senuconductor industry. Fibre manulacturers have over
the Tast few yvears managed Lo reduce the boron cemtent o
i hundredth of the standard valoe, and a new rype of
(e wediom bas been developed.

Figuve 4, "Boron free” glasy fiber media frone o wised
Absolute filrer.
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In parallel with  this, membrane  flers have  also
nndergone  development. 11 s now  possible o
manufacture ULPA filters from Telloo (PTEE) muterial,
The advantuee of (his malerial is thal 10 doss not contain
submilances which muy oulgas or evaporare, 118 a sirong
and clean material and emits only few partculates during
mannfacture of use.

Figure 4. Exuenple of PTFE [iver medio

AGSOLUTE FILTER DESIGNATLONS

oday we can lind different designation of Absolute
filters depending on efficiency, test method amd country
of origli,

HEPA filter (High Efficiency Particulate A [ler) s
more or less an internationnl designation of "A throw-
away calended medin dey Lype [ller inoa rigd framae
buving o minimum particls enllection efficiency of
S9A7 G for (L3 pmthermally generated DO particles or
specified alternative aerosol, and a maximuom clean filter
pressure drop of 2.54 omowater gage, when tested at rated
air o capacity (JES-RP-CCO0L.3).

Im the same standand and in Reg. Guoide 152 (Noclear
liliration Syatern} or NSE 49 (hazardons biological
parriculare) the 11EPA filters should besides efficiency
rncel all constructions and testing requirements owtlined
in MIL-E-5 1477 or MIL-F-31003,

HESPA niller (High Fifciency  Subh micrameter
Tariiculate Air Filter) is a desigoation vsed in Lneland
far filrers with higher Uificiency than Y995 % according
T sodivm Flame (135 3928)

ULPA [ilter, In USA ULPA 15 used Lo designale a Nty
particles in the sive range of diamerers 0.1 - 2 pun.
CILS-EP-COD0 3.

I Eurgpe an ULPA (e s delined in EN 1822 amd
e @ [iller with more thun 999995 5 elficieney on
ikl pencteatmg particls siac

SCHWEBSTOFE-filter, In t.‘-armany, filters with high
efficiency were called "SCHWEBSTOFEF" lilters and

tested acovrding o DIN 2408 with paraffin oil, The
lillers were classified in 3 classes: Q. B or 8, Today the
Faropean designation of HEPA and ULPA [iliers i used.

MIKROFILTER is used in Mordic conntries to signily
Absolute Ollers.

YEPA flter - Yery High Etficiency PartGoulase Air
Lilter

YL51 filter - Very Larpe Seale Inteseared Cireuit iliers,

0 pm - or 0005 pw filer  MNormally this stands [oe a
filter with a high efficiency against such particles,

o e
o -

Fipure 5 0EPA and DLPA flleers for higher
requireitents fuiee fo be produced in clean roonty.

ARSOIYITE PILTER CLASSIFICATION
Performance classes (IES-RP-CCO01.3)

The Institote of Lnwironmental  Science, (IES), Dy
classificd HEPA filters in six perfonmance classes (Lype
AcB 2 I E and Fyoand in five comsiruction classes -
erade | Lo f.

Type A filter - a lilter with a2 minimun efficiency ol
9997 Son DU pm particles at rated an Mow,

Type B Olier - o ilier with a minimum efficiency of
D087 G on (L3 pmoparticles tesred ar [0 4 and 200 % of
raled air fow,

Type € flwer - a filter with o mioonwn efficiency of
Q989 5 on 0.3 um particles and leakiesied (scanned),
Mo photometer reading downstream of the filter greater
Lhan 0UOT % 0f the upsiream coneenteation is acceptable,

Type I fileer - a filter with a minimwm efficiency of
99999 % on 0.3 wn particles and leakiesdod (seanned),
Mo photometer reading downsiream of the filier greater
than 401 % of the upstream DOP concenlration is
ecepiahle.

Type L8 filter - a filter designed, comnstrucled, and ested
i strict accordance with MIL-F-5 1477 or MTL-F-5 168,
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These filters are novmally for use in air filtaring eyarems
mvelving lexic-chemical, carcinogenic or hazardous
hiclogical parlicubale.

Type F filter - the minimum filter efficiency for this (ype
is 00,999 ¢ on 0.1 - 0.2 pm particles { Particle counter
sl TES-REP-CONOT)

& )
27 camfil /
FILTER MAXILAM
TYFE MXLGS f148x 548
SERIAL KO 92013602
TEST HLOW T it 90 Pu
EFFICIENCY O i2um PRPHRU4IR

Vigure 6. Lxgmple of @ rest raslt o an ULPA=filier,

Construciion classes (IES-RP-CCMYL3}

Girade | (MIL-F-51068) [ilier

Uire: resistant consiruction throughoul. Filter units should
meet the requirements  of MIT-F-5 088, 108 wsed
primarily in military equipment, nuclear cleaning syslems
aod severe-duty industrial applications.

Grade 2 (UT. 586) Glier
Vireretardant  construction  thronghout and mecls
additional moistore and low temperaturs exposure fest,

Geracde 3 (UT-900 Class 1)

I'he filter when elean doos net contribule Tuel when
attacked by flame and emits only negligible amounts of
smoke.

Grade 4 (UE-900 Class 2)
The fler, when elean, burns mederately when attacked
by Flame or emils mederate woeunt ol smoke o both,

Grade 5 (M Listing)

This tvpe of filter is construcred with fire rerardan
material and has been qualified for ose in clean room
cetling o wall svstem, Qualification testing is performed
on lhe compléle sysien incleding Dame, sealant and
filterunits,

Grade 6 (non five retardant construction )
For poneritical or nonsafety related apphicanons.

Lurovent Classes

Forowvend has elassificd high clficiency filler io [ive
grades. B0 16 BOM based on efficiency acconding o
the Eurovent 444 1est method (Sodivm Dlame, 065 pm
particle sizeh

Thiz Furovenl Classilication hax ool been used wvery
much, The tesr method-and elass Readon do not cover the
demands wday and has been replaced by the N 1822,

Table 2. Classifivation bused on Burovent 44

Filter Lusitial Initial

vlaxs Eflicicoey, Ei % Penctration 5
BB LA] 05=Eicfo.0 SzP=il
F1711 YU QL]0 WY 0, L=Ps0.03
EUT12 QO A7 <Fi-99 G0 (L300
G113 99 O <HbY Gog (.01 2P=0,001
E114 Q9.904-<h) (L0 =T

DN 24184, Classes of "SCHWEBSTOFE" -filter

Dec. 9O,

In Germany tilters were tested with paratfin oil (h3
L5 pm pacticles sizes) and classified o the classes Q, R
or 5 uccording i [ollowing lable, The method  amd
classification iz replaced hy CEMN EN 1822,

Table 3. Classification to the old German DIN 12484

Class Max. penetration
paraftin oil %
0 |5
B 2
2 .03

& _ = - .
Frop e wisabils _r.l|ru'.l.:1|'|:'3¢ .:.'rurrllg i ot fesl

Mote  that the DOP-test uwses 03 pm particles and
EUROVENT 44 uses (.65 pin particles in determining
the filter efficiency, The German classilication was hased
on piarticles mainly between 0.3 to 05 um. The same
filter gives different efficiency values depending on the
lest rowthod, The DOP pencliation s for instance
mormally twa times higher than the penelralion measuraed
aceording fo Sodium Flame. From middle of 1999 all the
different standards in different counmries are replaced by
the Foropean LN 1822,

Figure 7. Dust on the infer side of wsed Absolute filter
e,
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EN 1822: 1999 HEPA and TTLPA filters.

T miet the high tech demands there 15 a need for pew
rest methods and classihcation of Absolute filters. CEN,
the Huropean standirdisation body for standards, has
launshed EN 1822 for classilication and festine of TIEPA
antd ULPA (lers. The method and clazsificaton e based
on the efficiency for the most penetrating particle size
(AP,

Table 4. EN 822 Classificarion af HEPA and 1HLEPA
filrewy.

The systemn is bused on letlers and ligures on the same
wily as [ eoarse and fine filters. H stavs for HEPA and
17 fow TTLPA filters. The filters are then divided int §
classes from H1 to ULT depending on cificiency of the
most penetrating particle sive and the size of the leaks.
The Penetration ol a kak shall normally not be larger
than 3 timwes the nverall Penetration of the filter, (Naot for
7-filters, where the ratio 15 20}

H13 and H14 filters and filwes nol suilahle for scanning
could be tested according (o the German DN 24184
simoke lesl,

FM 1822 s based on the German DIN 24183
standard., which used the letters EU instewd of H
or L To aveid misxture with the Furovent

Efficiency L.eak test Leak test
EMN 1522 MPPS local method
 Clags (%) (%)
Hi1d 83 - -
HII o5 -
e W5
L1 v us Qo.7s visiblefscanine MPPS
Hi4 vo.uus DTS scanning MPPS
15 Q0005 00,9975 scanming MPTS
Ula Q0 Q0005 O Q00T seanning MIPS
17 | 99990005 ] 99.9999 sizanning MEPPS

designation CEN decided to use 11 and L.

Figure 8. Principle drawing of a "Laser Scanner” for most penetration particle size test according o £y 1822
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TEST AEROSOLE

Discussions on the cancer risk surrmmeding DOS or
IDEHS has resulted in increasing use of Lmery 3004 2% 3
test acrose] hoth for production and i sife testing.

Ernery 3004 15 a gynthetic hydrocarhun compound which
15 used as a symhelic lubricant and which has proved o
T o pood replacement for older test asrosols, as well ay
heing chiup, nop-coiosive and easy to work with,

13005 or DEHS of, in certaim conlexis, salt {NaCly; which
las long been used for this purprse, is sirictly prohibiled
for Lestiog filters for the electromics industry, Solid Ealex
or silicon partcalates are chosen instead.

Liguid parnculates snch as DEHS are casy W produce in
the high concentrations needed [or lesting ULPA fillers,

Latea wr silicon particulates are sohd partienlates which
are normally dissulved o water or sprayed out i the
fitters, The comcentralion must be sufficiently low that
cach drop of water gonlains just one parliculate, The
water miust evaporate before the particulale reachies e
{iler. This has meant certain limitations o pencrading
peawliculsies in sulliciently high concentrations. lowever,
puipment s noew cemmercially available and latex or
siicon  pariculates will probubly  eplace the  liquid
particulales aftogether, hoth in production and on the
[ield..

Figure 9. Solid Si, particles for testing HEPA and
LLPA filters
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CHEMICAL FILTERS

Control ol gaseous 1mpurities is a condition for the
manufacture of integrated circwits of the future, Chemnieul
(ers wre wsed wo clean dncomwing exlerior air ol
hyilrocarbon. compounds, sulphur dioxide, nirrous gases
and ozone. Chemical filters are also needed in circulation
awr and  directly above certiin processes in order to
remove impurities being releaséed as zas from the mateal
i the clean rowm oor frean people and  processes.
Ammonia [rom peaple, for example, will be a problem in
ane part of the process and a chemical filter iz needed 1o
capture gases ol this type.

Consequently, a number of different pas [ilters will be
pevessmry i order L caplure specilic guses. As the
prressre Toss indhe svslomm as a whols mosl be kept low, a
new  type of chemical Flter has  been  developed.
Mormmally, the concentrations ol the gases are low and the
filters do not need to have such a high capacity as i they
wore 1o Tlter exterdor aw. I is, on the other had,
importunt bt the degree ol separation is high and
maintained creer @ long perimd.

A modern chemical filter may be composed of porous
foamed polyvorethone where the walls or the cavity wre
couted with simall, spheical, carbon balls. The peroos
[am gives Tow prossure drop and good separation as all
the carbon is directly accessible 1o the gases passing
through. Specitic substances can be separated by using
different impregnations in the chemical filter.

Figure 11, Struciure of chemical filier meaterial with one
laver of hared spherical carbon bally tnside foamed
prolvureihne,

Figure 1), Chemical filter af celftvpe, For high airflows
and low pressure drops,

Figure L2, Chemical filter for laminar fJows and fow
pressure diop.
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CHEMICAL CLASSIFICATION

hlost iwwdern industries for the manulacture of integrated
cirewiis have o he destgmad  wodeal with aichome
molecular contamination {AMC) az gaseous and vapours,

It was Enown at an early stage that metallic impurities
such us MNa, Fo, Cu; o Al . can couse . electrical
hreakeown in thin elecirical insulating layers aod corcent
leakage in I and N cireats,

At the start of the 19905 the microclectromes industry
discovered that phosphorous inpurities and bovon eould
cuuse similar phenomena aod dopiog of P ociccoits, The
ransistor's capueilance ws oo fuoctivn ol e vollage
changes and can prodoce defoetive cirowmis, External
gases such as Mo, 505, KCL MaCl, hvdeocarhon
impurities and gases internal to the plant or Ifom the
process, HE, HCL NI, P aod, above all, boron (B) must
e condrolled ot exbremely b levels.

Chemical concentrations in clean rooms could be 0,01
L0 ngdm’, which s mare than 1000 times higher than the
particle concentration.

Tahle 5. f_.'.'as_;gﬁ@(f.rjmr .(.r.r._f'.{:-rdiug o SEMT Stenelapdd F21-073,

The ¢lTect of AMC (aurborne wmwlecular contaminalinns)
i2 ned [ully documented bul their importanee 18 growing
and is a crucial factor for future manufacture ol integrated
circuits, The concentrations of AMC in air is often
expressed in weight (ugfmjj or-as volume of gas 1o the air

& ppim parts per nullion (1% or
= 7ph parts per hillivn ¢10%) or
e pt parts per trillion (1%

AMOs wre becoming more and more oporant and in
SEMI F21-95 guscous contaminations are classified ina
swstem equal to the parncle cleanliness syoten. Table 5.

Four different critical categories of AMC are defined;
AcidsiA), Bases(B), CondensablesiC) and Dopants(D),
The elass s designated by thie leter "M anl the calepory
A, B O or T followed by an integer indicating the
maximum total  sas-phase concentration i parts per
trillion molar {(ppbd). Por cxample, o cleanliness class
MA- | OO0 has o maximum allowable total concentration
ol 1000 ppthd of acid gaseous,

Contamination | _. Classification

Category 1 ppibd | 10 ppthd | 100 ppthd | 1000 pptd | 10 004 pptM
Acids MA-] MA-IG | MA-1U0 | MA-TTHHE | MA- L0 D00
Buscs MB-1 | MB-10 [ MB-100 | MB 1004 | KB 10000
Comndunsahbles MC-1 | MC-100 [ MC-100 [ 3C-1000 | BC-10 {HH
[ Yapanis T | MD-10 ] MD- LOHY | MAD-1 000 | MD- 10000

SEMATLCE bas made a forecasr for permissible AMC
concentrations in the 0.25pm lome process. The most
sensitive steps are "Pre-Gate oxidation”, "Salicidation’’,
Utk Fovmciion” and P Plosie-litheerapfod, Table 6,

Acids and based are corTosive aasonus whose shemical
reaction characteristics are those of an eleciron accepior
and electron donator, respectively, The contact formation
and Satlcidation are most sensitive to acids while the
Phodedihioprapley is maosl seositve 1o bases,

Table 6, Semarec forecast for U.25um lopic process

Condensables ars substances having a boiling point above
room temperature, which means that they can condense
on a surface,

Duopunls are chemoeal  clements which  modify the
clectrical propertics of 3 semiconductive marerial, Pregate
oxidation is extremely sensitive o dopants.

Max, Sit|  AMU limits in pptM
Step limelh) | MA MB MO MD
Pro Ciale oxidaiion 4 PRI L5 00 [ 000 0l
Salicidation 1 L8O 15 Qded) 55 000 1 {HH}
Contact Formation 24 51 13 {HH} 2 000 TEa0 CHHE
Photulithopraphy 2 10000 ] 1 (HH] L0 Q00 ] 10 {HH}
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EAMINAR FLOW

In the field of clean room technology s laminar low, o
the parallel streaming of air, an Iinportant facter foe the
elfechive removal of contuminants. When varialions in
faminar flow ix nommidirectinnal. there is a substantial
riak that contaminated ait will be inducted o the [low
and that the movement of contaminants across the flow
of air will increase. Most standacds For Taminar [ow
syalomy fake this imlo aceount and impose dehmic
requirements on velocity distribution. What good is a
high efficiency filter if its liltration capacity 15 roined by
upeven air distribution? Uneven distribution can be
capsed Dby a poor designed ventilation system or Dy
uneyen Clow ol e Teone the [ller.

Larmi narddy prradile 1O miem downsdnenm

T

Faindil MiAiCam K10l Lk

Ll b0 AUl il B L 1

[Hstanee from side ()

Figure 13. This figire showy the air flow velocity 100
mkn chovnstream of an Alsoluce filver ar different points.
The wir distrebntion will be withdee most specificd rorms,

Filter madia Sy

Laminar sheet .

Figare 14, The yood wiv distribulion iy aehicved with
the patenied veshape of the plecty and the luminator on
the filter outler.

FEDERAL STANDARD 209 E.

Airborne Particulate Cleanliness controlled eolasses
in Clean Room and Clean Zones,

Insicad  of laminar flow  and  trcbolent  How
Ve St 20918 defines the expressions wmidirectional
airflow and newnnidirectiona! au Mow

Unidirecfional eirflow. An airflow having  generally
parallel streamhines, operating in a single direction, and
with nilorm velocity over its cross section; previous
referred to as laminar airtlow,

Nemunidirectional airfloon. An airflow which doess not
meet the definiton of unidirectional alrtlow: previously
referred 1o as ferbulent of ron-laminar airflow.

IES-RP-CC-002.2: 1999

Institote of Environmentsl Sciences Recommended
Practice for Unidirectional Flow Clean-Air Devices
Thie stancard recommends procedurcs and requiremens
for clean air devices and specifiss the following
acceprance of lamiparity. M) cm downstream ol the
HEPA or ULPA Oler

o, Lo Aveeplance
<The custmer sheuhd specily averags measured elean-
air velocity, typically (143 1 (L0535 mfs

BS 52495: 1984

Envirommnental cleaoliness in enclosed spaces

T appendia D3 of Part 2 of e standard the Tollowing
i sl ubool laminarily: " some high efficiency filters
may requirs certification of velocity unilormity across
the filier face. IF such certification is required by the
purchaser, then the test method. avernge velogity
required and mean deviation thereol should he specially
defingd by the purchaser and agreed with the supplicr.”

The ald Version of BN 3203 {from 1976 specified both
velocity and uniformity as ; Part 1, A2 11.3.2 Filter
bank air flow: ".Simidarly wheo wsiog a vane
apemeometer e measure e air veloeity al the [ler lace,
4 series of readings should be aken across the face in
the horizental and vertical planes with the anemometer
L0 mm downsiream of the face."

5,1.2 The air velocity shall be;
- hovizontal flow 45 £ 001 ifs;
-verlical (low 0302 00,05 mfs.
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AFNOR NFX 44-102,

Enccintes 3 Empoussicrement Controlé

3.3 Balle propre § voulerment fominaire

The norm specily an average velocily (b4 mfs lora clean
room with vertical flow and 153 mfs for horzonal, The
réadmgs shall be less than £20 % of the average value.

3.5 Pose dépoussiérd it dronlement

The averape velocity is penerally between 0.3 ad (00
mds and the medividual values shall e within o+ 20 % of
the average,

3,323 Cuy de fa salle d dromlenient laminire wire
Welowily shall b less than = 10 % ol averape (as par
357 measured 200 em downelream of the [(er or
pratective grille,

NorpIc B> ASSOCIATION

MNorm for open LAF units

The measurement shall be taken 00 to 150 mm
dewnstrean of the HEPA 1ilter.

{333 Requirementy r’R-?}

Linlegs other wise agreed, all measurement values shall
be within the (45 =24 % mfs range, No clear systematic
warstions o velocily, such as an area with lugh or
lerwe iy weloot by, iy be peroitied.

Figure 16. Smoke rroces demonstrating of laminar fTow
Srom different filters, The wpper filier with the lominar
wheet  few porellel viream, wiily the  filter  with
sepayators haz mare wrllence, The bortom filter
pepresents o Iypical minipleat filter with very heavy
turbulerce

SUMMARY Or NORMS/STANDARDS

sSeveral standards stipulate an average air velocity of
045 1 mfs o most cases the individual readings
shall be less than & 20 % of the average velocity.

The pesitivn al which cach velocily is measiored varies,
horaever the norme s Fram 10mm up fo 200 mm
dovensireamy of the filter face,

The pumber of measurament points vacies [om the
eitire foce to individual points spaced 300 mun apart.

FIUTURE
The demands of laminaricy increase with the higher

efficiency demands and more and more endusers specify
Figure 15, Lamuner Tow Berch, where laninarity cowld less and less deviation of velocity,
be af prec concenn

2
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ROOM CLASSIFICATION

The most well-known classification system comes from

Federal Slandurd 209 which was published Tor the (sl

fme i 1963 i dhe TTSA. Smee the first issue there have
been five revisions and from September 1992 Led Sud
20ME 15 10 use,

The 209 slandard 15 e moost recognised clean oo
standard for classifying different cleanliness alasses. The
versions were always based on the number of particles
equal or larger than 0.5 pmoanone cubic Mool ar while the
latest 2{0E is based on 51 (metric units),

T spite of the world=wide use of the 209 slandard many
epuntries, companies and socielies have made their own
vorsions. All bave vsed the merric svstem, but refer 1o
ditferent systems for classification of cleanliness. Britam
uses Jetters of Alpliabet, France has nwmbers, Germany
uses the Tgaritho of 140 pon particles per m? whilke Japao
uses dhe sume syvstem based oo 00 pim counls, Inomost
cases there dre Crossover poinls lo 209,

[8€) is working on <lean room standards and  the
[SO0DIS 1dodd- |, Clegrrooms and asseciated controflod
ercvironmendy  Port 80 Cleswiffcation ef  wlrborne
perticafotey hasy heen submitted o IS0 for approval as
final drafe srandard {FITS)

ISCHDIS 14044 part 2 (Testing... and part & (Desige. ) of

havve reached draflt mternational staze, while other parts
are under work.

Dpe to 150 work o this held most of the osanonal
standards will disappear in the future.

150 ldndd- 1. CLEANROOMS...
Classification of aivharne particulates
The TSRO standard from 1999 describes that the cleanliness
shall be designated by a classilication number, V. The
maximum permiited concentration of particles, O, tor each
considered particle size, £2 s deternned Teome e Tormula
C=Y ™ Particlesim®
velwore
7 ishe maximum coneentration in {_par‘ticjes;"nlu']
A s the IS0 class (mazimum Y)
£ a5 the paticle size m pm
0.1 is a constant (the reference sizel in pun

Tl 18C clussification mmuber shall ol execcd 9 hol
inlermediate TS0 classifeations may he specified with (1
as the smallest permited increment of M.

The lable 7 presents selected airborpe  particulate
cleanliness  classeés and  the coresponding  pacticle
concentralions [or pauticles cqual o and larger than e
considered particles shown.

I'he marthod for determinaton of classification and the
statistical approach are deseribed. The minimum number
of sampling points are the squace vool of the cleanroom
area inom® (rounded up Lo wowhiole number), The sampled
vilume  should he sollicient al cach Incalion that a
minimun of 20 pacticles would be detected  if the
concentration ol the relevant class were at the class limit
For the largest considered particle size.

The clesnroam has mel the acceptance criteria i the
averape particle concentration meets the requied class
limils at an 953% upper confidence limit, The standard
mives examples of detailed  calcolations al  dilferent
cimditions.

Table 7. Airborne pariicufare cleanliness closses for clean rooms aocording o (5O G- 1 1900
The clagses chall be defined in one or mmore of the occnpancy states. as budlt, at rest or operational,

Max. concentration (particlesinn®) For particles equal to and Iarecr
Lthan the considered siees shown below
Class L1 pm L2 pm 0.3 pm 0.5 pm 1 pm 5 pm

T80 Class | [ 2
TS0 Class 2 | {Hy 24 10 4
150 Class 3 1 (UM 237 102 33 &
IS0 Clavs 4 §0) Oy 231 | 20 332 &3
IS0 Class &5 100 100 23 T | 0y 26060 3520 Rz *a
150 Class 6 | 10000001 23000 02aaa) o ssennf o B SAL 128
180 Class 7 352 000 83 204 2930
TS0 Class £ 20000 BR324 2% 3(HY
185G Class 9 A5 AW O00] B 320 WL PRERUTL
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US I'En St 2091
The standard 15 based on 51 (metric units) and describes

the airborne particulate cleanlingss classes
ML, MIES, LT according o the Tollowing Lable,
208 Muax. particlesfm’

Class L1 pm 0.2 o L3 pen 005 p 3 pin
R L 3541 T89 ing [1h.60 -

1% O S I 41 R [ D6 A5

M2 AA00 757 Atk 1M}

M25 12400 203 1000 353 -

M3 35000 73% 3090 1000 -
M3IS - 26 5H IGO0 3530 -

M4 - TAHHY Q00 160 D00 -
MAaas - - 35 300 247
M3 100 D00 Gls
M55 - - - 353 000 2470
Mo - - - 1 O00 00y & 180
MGAA - = n TAINOO0 XA N0
M7 - - - ROV D 61 MO

The voncitivng of ievt of the elean room shall be recorded
ax Cax built Mar rest”, “operationad” or otherwise o
sprecified

The copcentratons lumits are based on the table but the
tollowing equation could, approximately,
uitermediate classes

be used Tor

Particlesim? = 10M0, 5037
where

M =isthe class {1, 1.5, ,..clc)

d =i the particle sive inopm

The elassification 1s bagad on the 05 pm particle siee, but
the verification of cleanliness classes could be made by
other sizes. The class should always be followed Dy
verification size. Fou exmnple:

a el W3 (e 0.3 ) or

a el W3 a3 g oo 0% i)

L descriptor

Mew my Fed Std 200E iz thal a U descriptor could be used
to express the concenlration ol wlra One parbicles
(W02 pos o farger ), The U deseripior may be nzed alone
or as g supplement doothe specification of cleanliness
claszes. For example:

e Clasy UG20Y describes cleanliness class with oot imore
than 20 ultra fine particles/im?,

e Clusy M 13 fad 003 g, Ur20600) deseribes air with
uul mere than 106 [m:'[i-'.:]u:-:.l‘m? of 0.3 pmand |arger
and not mare than 20060 ulea fine particlesim?.

Number of sample locations veqoived

For anidirectional airflow the number of sample [ocations
required for verification of class shall be tw lesser uf the
two Following alternatives a and b, where arca s the
eabrance plane and M e medrie class,

i) Avea (/232
bl Aria frnl}*ﬁ—'l MRS

bor aewnidivectional arflow the minimun number of
sample locations should be as alternative ) ubowe, hul the
area is the floor area,

In any case no fewsr than two locations should be
sampled and at least live samples shall be taken n cach
zone { more than one sample could e tukin al the same
lecation),

sample yvolume and time
The minimom zample volume and sample e will be
calculated 1n order 1o have 20 connts at the cluss Hmil,

voluime = 200 lass limit concentration
Lmme = volumefsample flow

For exampla:
Class M 2 (ar 0.5 pm) has 209 particles/m™ as cliss limil

valume = 20309 = 0.0647 7 = 64,7 litre

For o particle coonter with a sample  flow  of
2R litredmimate (1 cubic loolmiputed  the  minimum
sample tme will then be 6427283 = 2.3 minues

It is jmportant we have high sample Tow o reduce nme
when verilving high cleanliness,

Acceptance criteria

The air shall have met the acceplanee erileria fr oo
cleanliness class when the wverapes of the concentrations
ntisured a1l cuch localions fall at or below the class limit
or the T7 desariptor,

I the toral nupber of locations s less than icn, the mean
of the averages st fall a0 or below the class limit with
95 % UCL (Upper Confidence limity described in the
stanedard

(thers
Lhe 20WE standard also incledes the Tollowing appenidices

s Counting and sizing awrhorne particles using oplical
Microscopy

o Operation of Diserele-Partiele Counter

¢ lsokinetic and upisokinetic sanpliog

= Mulhod Tor measiuring the concentration of ultrafine
particles

= Rutionale [or e slatislical rules used in Led $1d 209E

s Sequential sampling

= soureas OF supplemental intormation
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OLp US FED STD-209D, 1954

The classification systewn was based one the number of

particles 0.5 e per cubic ol ol aic and the following

table gives the class limits in particles per cubiwe foot ol

sive, cquad to or ereater than particle sizes shown.

Max. number of particles/ch
Clasy O bpn | (.2pm | (R 3pm | O5pm | Spm
I 35 7.5 3 1 MA
[{} 350 i 30 I A
[ M A 750 5000 1) NA
L i NA NA MNA 10049 7
[ () NA N A YR T
L{H} 006 NA A NA| 100000[ FH
MNA = not applicable
FRANCE ATNOR NFX 44-101, 1951
T France the ASPEC Communicsiion 7202 clazsilics

threa room  clagees QOO0 G00 000 and 4 000 D00 as
Fallows:

Wax. number of pzirlii:]<:>.~:.l’1‘r11
Class (1.3 Spn
E R 4 000 25
0 OO 440} (000 2300
<& D0 Q) 4 (HH) 000 25000

The room shall be gt rest when determining the room
cliss,

The French wersion hases the classes on the number of

particles 0.5 wm per m® of air. The stapdard has almost
followed the distribution curves n Fed 5td 208 hut
changed the number of paticles to more uniform metris
Czurcs. Class 100 wlich s 3.5 particlesf! or 3300
parliclesfm?t is supposed 1o he class 2000 aecording o
ALUMOR,

GERMANY VDM 2083, 1990

In Germany the VI 2083 follows the French change o
mire uniloom lguces and 0 the guinber of parlicles por
met ol uir. Bul the system is hused on 1 pim partisles and
the 1} exponent of the conceniration. The classes
2,54 L are close to the distribution curves in Led St
200 and the French system.

Particlesim
Clasy 1 pen {3
i 100 dx 1P
L 10 Fx10
2 102 dx 102
3 1ot ax (0’
4 [ dy [0
3 MK Ax 17
& 18 Ax 100

The class of the roony shall be meavured durtng working
conditions.

GULME PLO/EEC 1959

The organisations  for pharmacy make  inlernational
standards, (Guides w Good Manulacturing Praciice). The
Pharmuceutical Tnspeetion and BEC define in GGMP four
different elasses A, 3, € and 1. They are approximately
equivalent 1o Class 100 (A and B} Class 10000 (€} and
Class 100 00 (1),

Jaran JACA No 24 - 1989

Thiz Tapaness classification is similar to the German VDI
systefn, but instead of wvsmg the number of particles
1.0 pn it nses the .1 ume particle size, The [0-exponem
of the countof particles (b1 po per m? gives the eluss of
e room,

Particlesfin'

0.1 pan
1w
10!
12
10
Ty
10°
108
17
10¢

Class

DS -] T e e B — I

EnGra~n BS 5295 - 1959

Toy avoid confusion with the old svstemn the new BS 5295
has a letter system, C, B B instead of the old number
system abd the number of classes iz alse changed Do 4
e 10,

[he elaszification 15 based on the number of particles
0.5 pm per m* of air and the class limits are close to the
Fed Std 209,

Maximuim number wl particlesfion’
class | D3um [} 5 Spm Lipm | 25um
C 1) 33 il NE M5
[ L () 350 0 NE NS
E 10 I R 4] NE M
[ NS 4 50 ] NE NS
G 10303 (K} 35 000 200 0 NS
H NS 35 000 200 { NS
I NE| 330004 2 (KD 450} n
K NE| 3500000 20 (0 4 500} 500
L M& NE[ 200000 45K 5000
1) NS NS Mis|  AR0DO0) S0 OO0

M5 = oot specilied

Pesigration of the inveaflation shall inelude the closs
Seilewed fry ome of the three states af operaticn as "as
Built” "manned" v “iasmabned"”.
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SUMMARY - ULARNIFICATION
The class limits of particle concentrations are defined for
class purposes only and do not necessarily represent the
avlual siluativo,

150 14644 will replace all national standardy in a couple

ol vears,

An approximate comparison of major clean room classes,
comparing e 0.5 o pacticle size, is given in Table 8,

Table 8. An approvimate comparivon of major cledn room classes compearing 005 g particle size,
Nt that the diferent elassifications use different concentrarions, particle siney and
different slopes of the carve ax Dase Jie respective classification,

Particles

150 class

Us

us

EEC

France Crermany Britam Japan
parm’ [EREER ZHWE 2001 GGMP  |AFNOR | VDI2083 |BS 5205 |JACA
= L5 Lm | G 992 (B 1989 [5hE | | 991) 1989 [ Qe
I
3.5 2 U 2
L[] M|
353 ] M | 1 i
L0 M2
i 4 M25 |10 % 4
| (I M3
31530 L8 M35 [100 A+B 4000 3 Eork |5
[HERATATA n 4 _ )

33 300 o L M4AS |1 HHD 4 GorH |6
100 (0 M5
353 ! WMAS | lomn |G qO00 000 |5 ) 1 7
| THH} (00 M &
2 53000 2 MAS | 10D | D A 00000 |6 £ b3
10X M e Lo

(L)

(vl
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TESTING OF INSTALLATIONS

Mbaolute [Olters should be manufactured 10 & very high
qualily with every {iler betng tested and checked before
delivery, However o suoe cascs the lilers ey be
damazed during ransport or when beiog nstalled.

It 15 thevefore mnpartant to check, the Tilter wsell, the
sealing  between  filters and  frames, and the whole
installution. The (oame system is probably the most
eritieal part in s new instadlion,

Such an "in siu” test does not require the high peneleing
test nerosal as used o the manufactorers’ quality fesn A
lwale o leal will pass particles of rather large dimensions,

Installed [hers are therelore wsted ceparding U ol ar
averall efficiency of the fller system orfamd i there are
Ay unacceptable leaks.

Mfumy stuncards have been developed and same of the
masn uswal are:

Tesl-

Aranclard acroscd  Tost Fauipanunt
[F5-RP-CO-p02-86 DOP 1. Photnmeler
[ES-R P OO0 2 Lop L+ Photometer
[ES-RP-CCH0G.2 130 L Photometer
TES-RP-CCHM.2 Natwal L Counter

RS 9285 Turi | mory L Plotomete
Us 5276 DOFNACE T4+0F Plotmncler
Hurowvent 478 L3CE =0 Phodometar
ANEI NSO [P QL Phatoanerer
NE 1-3-41 LOP OB Counler
ASTM EO1-7) CINC L Muglar " "
MSF 49 BOpP L Photometer

L = Leak test OF = Overall Efticiency test

Tntrosclaetion of the weresal may contaminate the (e, the
clean rocm or equipment. The use and Lepe ol leslaeosel
by Lo beoagreed on,

Maosl standands  wse DOP (dicctylphtalate)  particles
meneraled upstremn vl e [ler svstem. The aerosal is
pewmatically  pencrawed  with an appresimate  mean
diameter of U635 jm,

Tl polydispersed DOP acrosol used for in place leak
lesting musl net be confused with 0.3 pm monodispersed
DO acrosol wsed Tor mdividual testing of Absolote
filters during manifaciring,

The aerosol produced by o Laskin nocele has the
Fullowing lizhl scatlerimg mean droplel size disteibution

9085 less than 3.0 pin
A0 0% less than 00/ pm
10 %5 less than (b pm

The BS 53295 don't specily type ol st acrosal, bul the
dhisirihution shall be

75 % less thao [
a0 & less than (L7 p and
20 % less thao (L5 p,

which 1w elose 1 the THOT digtribarion,
The overall etliciency 15 normally

measuring  the DOP concentration
dowmstreany of Ui [ilter by o photmeler,

determined by
upstream  and

The only standard thar dezerthes DO oand  particle
counters is MU 12341 when testing two Abeolute filters
i series. The novmal photometer can be used  tor
peneteating factors of 107 o 107 and this is not-enough
lor Gliers inserics.

LEAKS

The leak test is made by scanning the whale filter anc
filter system downstream of the filter, An imacceptable
leak waries with standard and flter quality.

According (o Brilish Slandwd BS 52760 (the waximum
permitied conceniration for Cleanliness slases C, [y B
aned 17 ig ARDDES of opstream concentration. For other
clusses where high efficiency lilters are used 15 the
rax U penmitied concentration (L %,

TES-RP-COO0G.Z. (lesling Clean rodms) specilies o leak
when  phommeter reading in any place is grealer than
(.07 % af the upstream reading

Installation leak tests can also be done with particle
courders as described o [ES-RP-CCO06.2 o the buyer
ard seller wgree on specilic leswonditons, challense
aerasol, disribudiion and concentration amd the definilion
of a leak. Lhe standard explaing thoze problems and the
statistical approach ol tesung.
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NOP TEST AEROSOL

nor, discrylphthalate, also known as DEHP (di-2-
ethylbesyl phthalate) is the mest well known lest acrosnl
and has been wsed in mwany voars for testing filers
production amd i s,

DEIS-TEST ARKOSOL,
DEHS or OS5 or DES has replaced DOP in many casey,
The pacticles ave gencrated in (he samc wy.

DITHS is the same as

DES, Dii2 ethylhexyl} Sebacate or
Bis(2-ethylhexyl} Selbacate, ConHaolly or
DO (Dol Sehacaie),

FERY 3004 TEST AEROSOL
The possibulity that DOP may he carcinogenic under
certain conditions has introduccd other lest acrosals as

[PEHS and Emery 3006

Fmery 3004 which is a synthetic hydrocarbon used as

synthetic lubricant.  has  replaced DOP  in

apphicanons: The Emery 3004

v perferms s well as DOP without modification of
exisling test equipmen,

o jnexpensive

& noncorrosive and clean o work with

= nen-mudagen and safe toowark with

LU

Other actosols 1o be used are

e Mineral oil

v {Jleicacid

= PSL., polvstyrene latex spheres,

Figure 17, Drawing of o Faskin mogole. The aerosol is

Lenerated by blovwing compressed afv thrageh the nozzle

inter the THEFES Tiguidd,
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PARTICLE COUNTERS
The classical parcticle counters for Clean Rooms (Roveo
and Climet) measured and counted particles down 10
(.5 pm. The sample flow was one cobic fool per
minute {1 CFM =284 hoinue),

The conventional standards for clasaification and testing
of Clean Rooms were based on such equipment, The high
sarnple ew (1 CEM) made them suialile for purlicle Teak
scanning of (lters aod Gller imstallaioms,

Monmally  there 15 8 relationship  between  minimum
measurable particle size and sample flow, By reducing the
sample How it was possible 1o measue dewn Lo the
particle  size 0.3 mm owith sinalar  instromenis. The
developments and improvemenls of the opieal part of the
instrumends el Lo parlicle counters reading down 16
5 pm owith a sample flow of | ctin, By measuring down
o {3 pm instead of (.5 pm more particles could b
found 1o the wir. With higher demawds of cleanliness the
existing standards could be wsed by referring (o size
0.3 pm insteud o the conventionad 0.3 pmosive,

Taser light and maodern electronics  made it possible to
count particles down o about 0.1 pm bue at the expense
ol sampla Nlow, A typical sample flow of a laser counler
could be 5 o fs o0 001 cloe Tlas is only LA of the
Mo for conventional particle connters as used n Clean
Rowmms. This lew sample flow has a particular importance
for the acouracy when elassifying Clean Booms, The low
sample 1low makes it difficult w0 sean fillers o the
installations,

Fipure 18, ONC media text.

Today however the highest sensitivity and Mow rale
capacity laser counters can measure down w (0] pm a an
anetlow ol Tefm, This is achivved by using several “pulse
photodetectar high  analysis"  for  particle size
deternunation. Euch deteetion covers a parl of the laser
beau,

Other types. of particle counter are the CNG counters
{Condensation  Nutlews Counlers).  They  count  all
particles in the air indepewdent of size, even purticles
much sowller than 00 pme o the CNC aleohol s
condensed on particles that then grow to about 12w in
size anil become easy [o count,

Together with a  Diffusion. Ballery (DDB) or  an
Electrostatic Classtlicr (FC) the ONC can be used lor
counling the number and size ol particles down to
001 ume With the BC placed hefore the CNC, the
parlicles can sucoessively be separated ot difTerent
particle sizes. The CNC then counts the numbers of
particles in each size. It's aline consuming fost compared
with systems based on vplical puricle counters,

[%]
Thpicul Femetmation
(LU | e o
VLS -
Nk
S
|
"&-.ﬁ'
Tl
e _"
-]
Ll 7]
nEE To
R Denes
[R{NHH] !
i L1 L= (131] N2z (50
Particle size [pf

Vigure 19, The resnlts of an absolute filter media ar o
rarge of sample fTews. The penetration varies with
particle size wnd media velonfiy,
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Axowell ag the minimum measurable particle size or type
oof equipment there are o fow things that should be need
i all particle wsts, such as the type ol acrosol, nunber or
particles and the poise level of the instrument (The level
where the juternul clectieal impulses cannot he separated
fromm purlicles iipulses).

TY¥PEOF AEROSOL

Al particle counters are calibrated against soine kovwn
particle. . Usoally these are latex particles that can be
obtained in wvery exacl sives. One particle that gives the
same teftaction ws | pm lalex paricle will then be
regislered as | pm particle, “The difference in refractive
incley and rthe deregulanty of particles will of course
intluence ol the size desizoation.

NUMBER OF PARTICTES
T oblain reliahle walues requires that the number of
particles counted are not o small.

Counting of particles  pornmally  [ullows (he Poisson
distribution law, IT N particles arc measured the standaed

evianion is «f N and the ervor for a probability level of

N5 s two times that standard devialion.
IT [} parlicles are repistered by a particle connter the

probable errer due to the counting is 2 (10" =20 o
100 <200 particles or in this case £20 %, While just 16

Sow Byl Lign

EC-CNC Medio test,

measured  particles will
reading of L8 particles ur

give a statistically ousleading

500 B

The number of measueed particles must be greal enough
W give anaceeptable error, which should be pointed ont
by mom  classilication,  On the wther hand  the
concenralion cannot be oo higle. There must be a
statstical small probability that two er-mare particles can
e iy the light beam al the same time.

MOTSE LEVEL

tTndernal electric impulses v the nstiumenl)

Phe lowest particle size depends on sample flow and
geometric design of the lighl heam and chamber. Lower
Mo - stnaller size,

T is important 1o koow that the counters arc working very
close to the naise level of the inslrument and that inwernal
electrival impulscs can he repistersd as particles in the
lowest fevel. The resulr closs w the limit could be
influcnced by particles below the minimum measurihle
wIvE,

Usually the measuremenls are made within pre-setl sizes
and intervals, With u mulli channe| analyser the interval
can be very narenw, bt this will complicate the precision,
a5 the number of particles can be oo small w pive a
stanstically satistactory result,

o
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Vigure 20, The principle of the CNC tesr method for measiring the Most Penetrating Particle Size For filter media,

20
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SYSTEM COMPONENTS

Filters arc u necessity lor highly clean conditions, But 4
[ilter is just one component i a system. The final resull
depends in most cases miore on the cleantmess of the raw
material and its handling, the protection of the product
and the air distribution. The most important thing
control is the dust peneraed trom those whin work in the
o aned Iromn the installed machinery,

The filter is normally U casiest part in this equution.
Unfortunately tmoy think that good Glters are the sululion
la the problem. This is nor necessary troe, but if yoo have
selected the hest passible Dlter quality you can ar least
eaclude vne passible creor when problems are showing
g

The cleanliness after a Niller does not say anvthing aboul
the: cleanliness o the room or in the process, Conversely,
acerlain claim of cleanliness class at the process does pot
say anylhing about which filter quality should be used. A
cerlaim minimum quality is needed, depanding on other
eomponents in the plant,

The Liest step is tohave clean air to starl with, Before we
see which cleanhiness class could he achieved with
different filter qualities in different applications we
shonld analyse some ol lhe facis thar influence the
efvironment. Swng of these are shown i the diagrams
and in "BASIC DATA FOR CLEAN ROOMS" laler in

this publicalion,

Fiuren

Falvers: are in dilferend stapes in the system and the main
comsideration is (o knnw the efficiency for difTerent
particle sizes. The efficiency Tor 61 wm particles varies
for cxample from approximately 15 % Tor HEFLO 65 10
D0.999995 4. for SLIPER GOLD SEAL flier, Lilicieney
or nther filers and pardele sizes can be seen in the
BASIC DATA and diagrums.

CHETDOOR AlR

Livery air comditinning system 15 based oo quldoor uir and
ong has to know its contamination level, which of course
varies @ great deal with the place and the lime,

I the "BASIC DATA (ublex® there is an example of
clean aie where the number of particles larger than (1.1 jrm
05 5x 108 per ol air, ot in dicty outdaor wir the nmber
of particles Targer than (010 pm can be as moch ag (i
parlicles per m?,

INTERNAL DUST GENERATION

The most didlicult problem when designing a clean room
i to caleulate the internal dust sencration and it
influence on the process. The hunan being is netrnally
the most dominating factor, but also the proecess itscell can
i many cases renerate particles,

Tests made with a laser particle counter show thal 2
human being with working clathes cogaged noextreme
movement, could generate up to 100 particles larger than
U1 pm per seconed. The generation of paricles larger than
0.3 wim i 4x 109 and larger than 1.5 pm about 2x109
particles per second,

The number of parlicles  generated  varies  preatly
depending on activity and tvpe ol clothing, 1t is possible
to reduce the above maximum number vl pariicles by 10
o 100 limes with suitable clothes and routines, The
mwnber of particles generated by machines has to be
given by the manufactures in cach case,

CHOICE OF FILTER - CALCULATIONS
Which cleanliness vlusses respective could he obfained
depends on the dillerent componerts,

The fellowing examples show, wyether with diagrams for
laminar antl non laminar syslems, how cleanliness clagses
wun be caloulated under different conditions,

The tormulus used are approximate, More details could
be Tound in Camiil “Ventilalion Svstam Design-book,
The caleulations conld be made with belp of the conmputer
program “CleanRoom Culeulation”,

UNIDIRECTIONAT FLOW BOOM WITTU 100 " OLTDOOTR
Al

Which cleunliness class regarding 0L pm partcles could
be uchicved in a room with HI-FLO 85 as prefilter and a
GOLDSEAL clean room filler ux final filter?

Suppose that the fnstallaion 15 m 3 very dirly urea and
that 100 % suldksor airhas to be used,

From the disgrams or basic datu whles we can see thal a
dirly air conld have a concentration of 109 particlesfin?
barger than (0.1 pm, HI-FLO B3 have 50 % efficiency of
these particles, while' the GOLDSEAL fller 1akes
BUUIYE ol the 1 pmparticles,
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Tl HI-FLO &5 will reduce the concentration by 50 % to

Fx10% paricles/m®  The GOLDSEAL [flier  lakes
GO0uu % of the remainiog  paricles  and  the
concentration  downstrcam the  filier  will  be

00000025, 107 101 or 10000 particlesim?

The class according to Ded Std 2095 could approximalely
he caleulated by the equation

Particlesfu® =10Mi0 54022
Or L our case

[ 000= 10Mp0 570, )72
which pivas

M=2.46 (at 0.1 wm)

Wecan see in 209E (able hat we are close to cleanliness
class M 2.5, where the mumber of particles shall not be
T Lhan 120 4000 pzwric]&sfm:*_

HHO00 parncles/m” larger than 0. Lpm corresponds 1 TS0
Class 4.
UNIDTRECTIONATL wirh 100 %
RECTRCTILATEDNR ATR

Which 0.1 pm cleanliness class could be achieved in
room with 100 % recicculated aic wd ome persen per
10m? as the only dust geoeralnr?

FLOW  ROON

The "laminar” velocity of (4% més gives for 10w an air
flow of 4.5mYs per person. I we assume masimum
number of particles from oue person then e dost
generation will be 10¢ paticles/see and the soncentration
upstream ol e Oller could be ealeulated according to the
formula (sewe diagram later)

Chyp = S
oar

€, p = 1084 5=2 22107 particlestm?
Dupwmstrearn of a0 MICRIUAIN  Bler  with 98 4
elfsiency there will be (0K 2% 10Y=4400 particles/m?
equal toar larger than 0.1 pm. This filler will give higher
concentration than class M2 (at 0.0 pm), which is
miaximuom 3 500 particles/im®,

UNIDIRECTIONAL FLOW ROOM WITH RECIRCULATED
AlR

Suppose B0 recirculated air (X=081 and dirty ouldouc
air (Ca=10" particlesim® =00 um) and the  dust
generation lrom one person is as much ax 19 puriiclesds,

One person per 10 m? mives the "laminar” air flow of
4.5

With  HI-FLO 83 us  a  pre-filier {'J;P:U_S) the
concentration upslream of the final filter will be (see
formula in the diagram in the and)

22

Cop=X SAOH XN -
L
= 0851086 54 (1-0.8)(1-0.5) 1010
T= L THx1095 109

= ¢ 107 (particlesim ™ =001 pmy
/

The ioflucnce of the internal dust generation is unly
L.78210% compared with 10" particlesfm® Trom ouldoor
wir. The internal dust eeneration will gol alfeel the level
upstream of the fmal filter very muoch. The concentration
downstream a Goldseal final [ller with 99 UOUE 5 of
001 pam parctivles e is (2210 9 107 = 2000 particles/m?
and the cleanliness class could be ecstinatad

M = log2000 - 221050, 1)=1.76

The cleanliness class is better than the M2 (at 0.1 pm),

I v make the samne caleulation for IS0 classification we
gel e Tollewing couation based on 0.1 um particles

2000=10" lowter 10,1 70

N=33

A

The rowsn will mect the T8O Class 5.3,

NONUNIDIRECTIONAL AIRFLOW SYSTEM
Suppose:
Liirty outdoor air €, = 1019 particlesim® = 0.1 pm,
L person/ 10w generating 100 particlests 0.1 po.
An air change of 30 timeath and a room height of 3 m
pivies 0L25 m?s per person.
B0 % (X=008) recirculated aiy
HI-FLO 85 as prefilter {7 =05}
dAbsolute filter as final fller By= 000008

The cleanliness clags of concentration in reom could
approcimeately be caleulated with the (ellowing Formula
(see diagram)

€= SQ 1=K 1R ) -h )
0
C=10070 25+(1-0.831-0.53(1-0.99998). (010
C=4%10% 2107
C=4 020 000 {particles/m® =0, ] jm

The class will approximarely be
M =log(4 D20 000) - 2,21opi0.5/0.11-5 06

This is too high concentralion o be covered in the
standard classes according o 20815

A heder Mler has no influence on the cleanliness level, in
this example. Lhe only way to decrease concentration 1s
trr reduce the internal dust generalion with better clothes,
covers, higher airtlews or linel a hetrer techareal solution,
unidirectional airfliw [or instance,
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The same caleulation made for 05 o partieles gives
Hi-Floy B3 'fjllH:r:ll?
Absolute  17,=0.999994

§=2x10% particlesfs=>0.5 nm
¢ =3x Y g:-:-]rli[:]::ﬁ:;"m'!' (L5 pm

“onr

E = LA 2 S0 1080 107001 -0.990989) - 21 107
C=8x 1072 =500 002 (particlesim™)

The class could be estimated
M =lom(RO0 002 -2, 20s(0.341.5)
M=5.49 {a1 0.5 Lm)
We will meet class I O (ot 0.5 pmlaccording to 200E,
The 150 Class conld be caleulaled in dhe stmilar way
M= logBO0002)  2eMlog 1/0.5)
which sives
N A
And the enviromuent will meet 130 Class 7.4
Agrain u hetivr Gleee o oo inflluence o the cleanlingss
level in this case. The only way 08 o redoce e dust
seneralon or increase air change rate.
The same calculation for (.5 pm partcle and a Micretain
filter with the efficiency =099  wives the following

calculation

£ =2 PO 2340100800 1-0.7001-0,99)- 3= 107
=B O 1R 0008 18 000 { particles/im T

The class will be M 541 {acd3 pm) A& wery small
change,

COOD LUCIK
with further calculations]

Diagrams/Tables - enclosed

1. Eifciency for Glers

Citedoor ane

Hlurnan dust generation

1503 14644 | Adr Cleanliness classes

Fed Std 209E Aar Cleanliness classes

Basic Data- Clean room tables

Laminar Aar Flow System. Unidirectional
Absolute (lter installations, Nonunidirectional
Clean benches mstallations

e b

23
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DIAGRAM 1.
Penetration vs. particle size for Camfil filters

&)
e

Penetration (%

TE+1 ———
 MICRELAIN
TR0 ———— : : :
— )ﬂ/ : —1- "-
1AL
B
1Rl — 2
1E-2 - '
= ARSOTUTE |
1E-3
GOLDSEAL
1E-4 —
1-5 — SUPER GOLDS
-6
(L1 L]

Particle size {pm)

24

1.00%
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DIAGRAM 2.
OUTDOOR AR
(Particles/dnt’)
1EAHOT =g —_————— =
STy _ = 1{}'l_l DR A.ll{
Number of particles
larger than size
TEAOG St =
!
DIRTY
1EA05 a,
‘\\_ u
1EA+4 \0\\_
[
—| CLLEAN
1T+03
TE+32 T
0.10 0.5 1.00

Particle size {um)

25
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DIAGRAM 3.
HUMAN DUST GENERATION

Number of pariicles gencrated

per person larger than size
Particles/sconnd
107 —— . :

3 M e

e | =

S ar I Maxivmm - havd working

\ “\\ !
TEA0S -—— = \\

G e Waiking - moral clothes

—_HH "\_“_ | *-\.._‘__ T
T | Walking -cleanroom clothes
1F+04 ' ==
—
; T [ | 1.
""'*-a__,___‘_h I Carefully walking -
K good cleanroom clothes
1E+03 - —— )
{ e i i
el
1E+2 ‘
0.1 0.5 1

Particle size (pm)

6
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DIAGRAM 4.

CLASSIFICATION ACCORDING TO ISO 14644-1

Particles/m’ equal or larger than particle size

1F+08 S
= o IS0 1dedd-1 |
Ll . | Classification || | |
A — — = \_\ ___|._::;
— — = < :
N \
1606 8 3
&_ I ‘\ \-1"‘-‘ I
\\ - T I = \“«-l_ - |
%, b 9 \ | Cluss 9 |
:\\
1E+05 ﬂ\_ = =

IFld @

| (Ilauls 5

TEHM)

%7 |
B | {_‘.llas.ls o
4| Clasy 5
\' * . a5
—’" Class 1 \_‘7 |
0.5 L4 =l 10.0

Particle size (uim)
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DIAGRAM 5.
CLASSIFICATION ACCORDING TO Fed Std 209E

Particles/nt” equal or larger than particle size

1407 I T ==
= \..\.\ Fed Sid 209K |
| '\\ \ = Classes
. \ T T T[]
s S T O \ | | !
\\ I \\ \ ==

\

1E+05 = \\\ S|
- S | ~ | ¥ £:
\ » \\ :._ -:‘.o-Ifi.'\ =
e -
e g

:\ :_
AN

B

|
I
1]_.-Htl3 5 ] o) |
| & — L ME |
'- |
| M4.s
12 =
1E+01
1.0 3 10,0

Particle size {(pm)

w8
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DIAGRAM 6.
SUMMARY - BASIC DATA

OUTTMMIR

AIR

Murmnber of particles Larger

than sted

Size  Paticlesim®

L dirty clean
o [ 100 S5x10b
03 L L
0.5 Al Ik

HUMAN DUST GENERATION _
Number ol parliclesfsecond lavger than size per person

Wallkmg careTully
Sire maximum clean room wilking clean
pm clothes room cloths
0.1 s 10® Sx o Sx 10
03 4klf 21 2107
S [ YR 1103

FILTER EEFICIENCY - PENETRATION (examples of Clean Rowm Fillers)

Ei't'iclancy a

Penetratinn

Filier MPPSE L] o O3um  O5um  MPPS 0] pm U3 pm U5 im
SUPER GOTDSEAL 9090008 00 Qoots 90 G0G00 (100 pr s [V O T L B [V (4]
GOLL SLAL 929997 999998  99.9990 (100} 3x10% k104 1x10 ()
ABSOLUTL 9095 99997 99098 999999 Sel0d 3x107 2x109 Ixlod
MICRETAIN 05 00 DES 94 2 1 1.3 L
HI-ILEG 95 - i B} a0 - 30 20 Ly
HI-FLO 85 : a0 il Tt - a0 a0 3n
HI-FLO G5 L5 20 E] - A3 il 15
CLEANLINESS CLASSES IS0 14044-1 -
Mlax. concentration {pnn‘iclnﬁfm"} for particles equal Lo
and Larger than the considered sizes shown helow
Clasgs 0.1 pm 2 pm .3 pm (.5 pmn 1 pun 5 pm
[50 Class | (3] 2
[503 Class 2 100 24 11} q
(S0 Class 3 | 1000 237 o ——
IS0 Class 4 10 000 20 1020 357 83
50 Class 5 [ {3} 000 23700 100 200 5520 b 9
150 Class 6 | 1000000 237000| _102000]  35200] 30| o ou3
18O Class 7 S5 (KK H1 24} 193
150> Class 8 3520 000 B2 25 M
TS Class @ 352000001 8320 000 293 {HH}

CLEANLINESS CLASSES FEDSTD 200E

2400
35 000

{}D.. PETRTY

i

N | DD 54 -
7570 3 0s0) 1 (MM}

20500 10600 0 3330 -
TR TO0 F0 40 16} D030 -

35 300 247

T AACALA L S . .

- . R 000 24790

LHHI UG & T80

1530000 29700

- 10000000 61 200

2097 Ml particlesim”

Class lpm 02 um (1.3 [1im % pm 5
M 1 30 T80 38 AR -

M 1.5 I 240 265 L6 353

{}mu-u-u- TRCTRTRPT

a9
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DIAGRAM 7.
UNIDIRECTIONAL FLOW SYSTEM - Cleanliness calculation

Uuldnut air . —
Con E;, | ¢ (ms) Iinal Filter
:.,,:- o e C
e

(1-x)0) (m?/s)

B BN IRERTERRE

LA

x0 (ifs)
&= dlusl,

pLneralion
(particles/s)

— — —

(1)@ (m¥s) T T T T
i

Concentration upstreain FINAL FILTERS
Cop =250 + (1 -xH -1 Come

Cleanliness class downsiream FINAL FILTERS
(o {qu'r{_} + { L= | 'Tlp}{?mlf]{ l'TIF]'

Special Case A: 100 % vuldoor air and no recirculation of air (x=0
Comeentration upstream final filter

Cur? =4 l_np}cﬂtll

Cleanliness class in room downstream final filtcy

= {] -T']F](a‘-;:.ul( | 'T'||)

Special Case B: 100 % recireulated air (x=0) and no outdoor air
Concentration upstream (inal [iler
Cup =30

Cleanliness class in room downstream final filter
= S0 (1-1e)
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DIAGRAM 8.
NONUNIDNMRECTIONAL FLOW SYSTEM - Cleanliness calculation

Ouldoor air =

Cl}'l.'il. Q {HIRJIIIS) Final Filter
: o i
5 il i €
(1-x)Q (m/s) E—,g ......
Prefilter - =t
n 4 4 (= Cleanliness

x0 (nfs)

K= dust \-\ s

enaration

particles/s)

(1-x)(} (m/s)
=

Cleanliness class in room
C=5/0+ {1"";){1‘HPJ( I ‘“f}{-‘um

DIAGRAM 9.
UNIDIRECTIONAL FLOW BENCHES - Cleanliness calculation

Oatdoor air
Gt Q {mﬁu’l&j
s =
(1-x)0 (m3/s) Cop
- ‘ ——
Pl;i]:flller I
[
4 Croom S= duse
e v
*Q(mis) Oy = Cleanliness }'?zﬁﬁliﬂj
in beneh
g (m¥s) | B
-
(1-x) (m?/s)
=}

Cleantiness class in room upstream the CLEAN BENCH FILTER is approximalely
Croon = SE+Or) + (1) (1) 110 Cowr

Cleanliness class downstream the CLEAN BENCH FILTER
Cy = [S(0Q+Qs) + (1-2)(1-np) (1N Coud(1-Nr)

31
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Camnfil Farr is the leader in clean air technalogy
and air filter production.
- Camfil Farr has its own product developement,

- R&D and world wide local representation.
- Gur overall quality _g;nal_'is todevelap, produce
: and market products and services of such a uality
that we aim toexesed aur customars expectations.
We gee our aclivities and products as an ex-

prassion of our guality.

lo reach a level of total guality it is necessary to
esftaf_:ﬂish an internal werk enviranment where all

Camfil Farr employees can succeed together. This
means an enviranment characterised by operiess,

confidence and good business understanding.

FOR FURTHER INFORMATION PLEASE CONTACT YOUR NEAREST CAMFIL FARR OFFICE.
YOU WILL FIND THE ADDRESS ON OUR WEBPAGES,

K'?n;_o-ﬁ'fsat.-'-‘cl!gmm 1L an Gustasson Camlil A 120420



