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CLEAN ROOM FILTERS

The fast few vears have seen a sreiking change in the
approact 0 HEPA, ULPA apnd CHEMICAL filters. The
chenges hove  influenced  chaice of moterial, testing
methads and the monufactore of filters, as well as the
refattonship betwesr the supplier amrd aser,

Tl requirements of the environment in elean rooms hove
inereased sigrificantiy. The electronics indnstry must
duvipn cnd canstruet systems today which will alse mee!
e feeds of the future. Development is rapid and we
know that criteria for particalates and vasey will be of
deciiiie importance, The HEFPA, UULPA and CHEMICAT
[ilters of the Juture are alveady needed noe.

Comgeguently, the microelectronics industry has as such
led the development and been the driving force behind
most of the irovativns aod ingrovemmenis, Bui the revulis
forve benefited the rest of induviey oo,

CLEAN ROOM

The "Hearl" of the Clean Room is the filter, bt there are
a mumher of considerations regarding room classification,
cholce of filter and how the filters influence the
EN¥IrOmment,

Whal is class 11 What i a 0. pm filler? Do we need
“miracle” filters for higher requirements?

A fileer iz used wherever there 15 o need aod o necessily
o & hiigh level of elean aie, The welmigue of filiraion o
any level of elean air has heen possible for 2 long time
ani has boen relatively inexpensive and simple.

Today the requirements is very much concentrated o
what happens within the semicondoeror industey, The
oumber of bansiskors oo dhe “chip' is increasing at a rate
ul 30-00% pur year al the same time as the line width and
thickness are reducing by 20-20 per vear,

The critical particle size 13 hall of the line widlh and the
critical particle concentralion decrease down o class 1 For
the wrilical  particle sives. Today we can find 236Mhb
menarivs hased on (L2Anm size or 250om technalogy,
There are existing solotons Lor 180nm technology, but
for 150 and 130nm there are very low solutions. For
1h50nm and  smaller there are o known solutions and in
some cases there ae also plysically Hmits,

Table L. Developmenr of memory cepeeity and e widih
iR fntegrated civewits, TO07 Serivonductors Rooadmap 7

Liug Critical
Memory | width | size |Concentration

Year | (hits/chip) | (nm) | {jpm) particles/m’
L 907 256 M| 250 |12 it
1490 1 G [RE | O 12
2000 ral iso jougsl e
2003 3 G [30F | DAE b
206G 6 G| 100 |Dase :
2N 6l G Ei] (4135

A

22 256 0 S50 10025
“iumber of particles larger than critical size.

Figure |. Fxample of @ Clean room.
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CONTAMINANTS

Most madern industries for the manufaciure of inteerated
cireuirs {chips) are designed o lilter small particulates at
cxtremely low levels, They have not been designed to
deal with molecular impurities (gases, vapours).

Tt was known al an carly slage that melallic impuarities
such as Ma, Te. Cu, Zn, Al .. can cause electrical
breakdown o thin electrical insulating layers and current
leakage in P and N circuits.

AL e start ol e 19905, e microelectronics industry
eliscavered thal phosphorons imporities and horon conld
cause similar phenomena and doping of P circuits, The
transistor’s capacitanee as a lunction of the voltage
changes and can produce defective circuits. External
gases such as No, 50. KCL MNaCl, hydicarbon
inpurilics wod pases inlermal 1o e plant or from e
process, HFETICL N Toand, ahove all, 13 muosr be
controlled at extremely low levels,

The eiffect of molecular  Dopurities s uol [olly
documented bul twir importance s growing and s a
erucial Taclor Tor Tulore manufaeture of  inegrated
circuids,

It has been shown that quite a nwnber of the unpurilics
derive lrom conventions] HEPA and ULPA [ilers al a
vary low level The slass Alter material normally cantains
a high level of baron, which can be degassed. Adhesive
ciun contwn 4 high level of phosphorous or other
imprarities wr order to create a fue-resistant meaterial, The
Lest swerose] may evapurate from the Millers and impurities
frorn the manufaciuring process may be detested at
later  stamz. This places entirely  new  demands  on
particnlate filters in the torm of chowe of material,
tesiing, manufacture and documentation, At the saoe
time, an ever increasing nnportance s beiog placed on
[illers Tor separaling pascs.

The demand Tor cleaner envirnnments has, tosather with
the developmeant of particle counters, led 1o the alder test
methods and classifications being moditied or adjusted 1w
suit the new conditions, This mixture of old and ocow
colditions can be difficull w understand.

Figure 2. An Alrsolute fiter for o olean roem,

ABSOLUTE FILTER

Absolute filters were developed during the sceond Warld
War and the definition of an Absolute Oler is ", a filter
will i DOP eflicieney of 9997 4

The DOT methad tesrs the penstration of the filter by
U3 b particles, which was considered the mest dilficull
particle size for a filter to collect. The "critical” paricle
size depends on fller media performances and veloeity,
Wille lihers amd maodia vsed today the most diflicult
particle size o collect iz about 001 to 002 pm.

{55} Penebration
000010 T
0.00008 +—— ‘ L

XL

00

ML —

0.00000 ————————— .
g 00 020 030
I"articlesiae (pm}

Figure 3. Penctration v paticle sze for an LTPA

Stlier, The meost penetraiing partiele sige i3 oo 000 3,

Thi: development of particle measuring  equipment,
rogether with lractonal elficiency requirements have led
Lo new test methods for Absolute (illers. One example of
this is the Laser Pacticle test method and (he test with the
fast penelrating particle size (MPPS) in LN 1822,

FILTER MATERIAL

HEEA and ULPA fillers are generally made of gloss lihre
material which contains approx. 0% boron which may
be released 1o Uwe presence of moistore or in contact with
hyirogen uoride (HT, Althoueh the concentrations
friven this and ather purgassing moleculars are extremely
low it eoncerns  the  advanced  produclion  in
senuconductor industry. Fibre manofaciurers have owver
the Tast few years managed Lo reduce the boron comtent to
i hundredth of the standard value, and 2 new ype of
(e roediam bas been developed.

Figure 4, "Boron free™ plasy fiher media from o wnred
Aleselute filter.
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In parallel  with  dhis, membrane  Hliers  have  also
underzone  development. N s now  possible o
mratufacture ULPA Olters from Telon (PTFEY material,
The advantmwre of (his malerial is hal 10 docs not contain
submlances which may onlgas or cvaporare, [t s a sirong
and clean material and emits only few partccuolates during
manufacture or use.

Figuve 4. Example of PTFE filter medio,

ABSOLUTE FILTER DESIGNALIONS

ey we can hmd different designation of Absolute
tilters depending on efficiency, test method and country
of origin.

HEPA filter (Iligh Efficiency Particulate A ller) is
more o less an international designation of "A throw-
awery ealended medin dey lype Nller inoa rigid [rame
buving o minimum panicle collection  efficiency of
9997 % for (L3 pm thermally generated DOF particles or
specified alternative aecosol, and a maximuom clean filter
prossure drop of 2,54 om water gage, when tested at rated
air e capacity” (IES-RP-CC(01,3),

In he same standard and in Reg. Guide 152 (Noclear
[MMration Systemt or NSE 4% (hazardous  biological
particulare) the 11EPA hilters should besides efficiency
el all constructions and testing requirements ontlined
in MIL-F-51477 or MIL-F-51003,

HESPA  nller (High  Filiciency  Sub micramerer
Marticulate Air Filter) 1s a designation vsed in England
far filters with higher Lfficiency than 99495 4% according
to Sodiom Blame (135 3928)

ULPA [ilwer, In USA ULPA 15 used o desipnale a filicr
braving a minimum eollection cfficieney of 99990 4 for
pariicles in dhe sive range of diamerers 0.1 - 2 pun.
(ILS-RP-CCD0.3).

[n Euwrape an ULPA (ler 15 delined o EN 1322 and
wieans w0 (iller with more than 999995 % cllicicncy on
sl penetraling particle stac

SCHWELSTOFE-filter, In Germany, filters with high
efficiency were called "SCHWERBSTOFE" [ilters and

tested according w DIN 2408 with paralfin oil, The
(illers woere classified in 3 classes: Q. B or $. Today the
Furopean designation of HEPA and ULPA [ilters 5 wsed,

MIKROFILTER is used in Mardic conmries 1o signily
Absoluwe Ollers,

YEREPA flter - Yery High Efficiency Particulale Air
Lilter

YWLST filter - Yooy Large Scale Intesrated Circudt Dileers.

1 pm - o 0005 p Lilter  Noomally this stands for a
filter with a high efficiency against such particles,

e e ey
L Ry

Fipure 5 JIEPA and ULPA filters for hivher
requireients kive fo be produced in clean roonts.

ABSOLIITE FILTER CLASSIFICATION
Ferformance classes (IES-RP-CC001.3)

The Institure ol Dnvivonmental Science, (IES), las
classified HEPA  filters in six performance classes (Lype
Ay B D) E and Fy amd o (ive comstruction classes -
erade | Lo G

Type A filter - a filter with & miniowin effciency of
0. % on 0L pm particles at rated air Mow,

Type B Olier - a filies with a minimom efficiency of
Q097 % on (1.3 pmoparticles tesred ac 1% and 200 % of
Taled ar ow.

Type C fler - a filter with 2 mioiowan elliciency of
9959 9 on 0.3 pm oparticles and lewkicslod (scanned).
Mo photometer reading downstream of the filter sreater
Lhan 00T % of the upstream eoncenteation 15 acceptahle.

Type I filter - a filter with o miviown efficieney of
999499 G oon (0.3 pm partcles amd leakiested {seanned),
No photometer reading downstream of the filer greater
than O1 % of the upsiream DOP concentration is
ueeeplable.

Type L& filter - a filter desizned, constructed, and tested
i strict accordance with MIL-F-51477 or M -F-3 1165,



<camifil

These Alters are nonmally for use in aie filtering systems
invelving  loxic-chemdcal, carcinogemic or hazardous
higlogrical parliculale.

Type F filter - the numimum filter efficiency for this (ype
15 00990 ¢ on 01 - 0.2 pm particles { Particle counter
sl TES-RP-COO0T)

i )
= camfil /
FILTER MAXHAM
TYT'E MXLGS 148548
SERIAL NO 92012
TUEST HLOW T mih 0 Fu
X EFFICIENCY O 1 2pm O GO T,

Vigure 6. Lxample of a ress resule o an ULPA-filier,

Construciion classes (IES-RP-COCMY.3)

Girade | (MIL-F-51068) [ilter

liire resigtant consiruction throogrhoul. Filter units should
meet the requirements  of MIL-FSI068. I used
primacily in military equipment, nuclear cleaning sysloms
and severe-duty industrial applications.,

Gerade 2 (1T 5867 Glwer
lireretardant  construction  thronghout amd mecls
additional moistore and low temperaturs expasure fest,

Grade 3 (U900 Class 1)

I'he filter when ¢lesn docs net contcibate Tuel when
attacked by flame and emits only neglipible amounts of
smoke.

Grade 4 (UL-900 Class 2)
The filler, when clean, burns mederately when attacked
by Flame or emils modersde woosunt of smoke o botl,

rade 5 (M Listing)

This wvpe of filter is constructed with Fire recardan
material and has been qualified for use in clean room
ceiling or wall system, Qualification testing is performed
on he complele svstem including [rame, sealant and
filrerunits,

Grade 6 (non fire retardant construction )
Fou nongritical or nonsatety related applicatons.

Purovent Classes

Burovent has classificd high clliciency filler io [ive
erades. LU 16 B4 based on efficicney according o
the Ewrovent 44 test method (Sodivm Dlame, 065 pm
particle size),

This Burovenl Classilicalion las ool been used wery
much, The test method and classilicaton do not cover the
demands wday and has been replaced by the BN 18232,

Table 2. Clasaficaiion bused on Burovent 44

Filter Initial Initial

clusy Efficicney, Ei % Pencteation e
IELESEY) 05Ei<99.0 SeP=0.1
171 YU ULigal BT 0, L2000

IELT12 B0 07 <Fi<90.00 LEzP=0.01
LA G0 DUz Hjehd Ga (LT 2P=0).001
El14 59,4951 (.00 =1

DN 24184, Classes of "SCHWEBRSTOFE -filter

Diec, 1980),

In Guermany filters were tested with parattin ol (L3
(L3 pm parlicles sizes] and classified o the classes QR
or & sccording o fellowing able, The medbod - amd
elassification is replaced hy CEMN EN 1822,

Table 3. Classification to the old German 1IN 2484

Class Max. penetration
paraitin oil %
0 |5
K 2
2 0.3

= : : . s
Froe freme wisdile privizeles darving ofl st tear

MNote  that the DOP-test uses 0.3 um particles and
EUROVENT 4/4 uses (063 o particles in delcemining
the filter efficiency, The Goerman classification was hased
an particles mainly between D3 to 0.5 pm. The same
filter gives different efficiency values depending on the
lesb nethod, The DOP o pencliation is for inslance
mormally twa times higher (han the penelration measured
agcording o Sadium Blama. From middle of 1999 all the
differamt standards in different counrries are replaced by
the Koropean LN 1822,

Figure 7. Dust on the inler side of used Absolute filter
e,
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EN 1822:199% HEPA and LA filters.

Tu mewl the high tech demands thers 15 a need for new
rest methods and classihication of Absolute tilters. CEM,
the Luropean standovdisation body for standards, has
lnunched EN 1822 for classification amwd testing of TICEA
and ULPA Glers. The method and classificaton s based
on the efficiency for the most penetrating particle size
(MRS

Table 4. EN 1822 Classification af 1HEPA and ULPA
filrers.

The systemn is based on leters and figures on the same
way 15 [or eourse and fine filters. H stays tor HEPA wd
I7 for TILFA filters. ‘The filters age then divided into &
classes from HI to ULT dependiog on eliciency of the
most penetrating particle sive and the size of the leaks.
The Penetration ol a leak shall normally not be larger
than 3 times the averall Penetration of the filter. (Mot For
[T 7-filters, whers the ratio is 20)

H13 and H14 filters and filtees ool suilahle for scanning
could be tested accordiog o the German 1NN 24184
smeke tesl,

FM 1822 is hased on the German DIN 24153
standard, which used the letters EU instead of H
or W To avold mixtare with the Furovent

Efficiency Leak test Leak test
EM 1822 MPTS lacal method
~ Class {5 [ %)
H1{ 83 - -
HII 25 -
Fr: 5
L1174 gy as 4u. 75 visibledscaning MPPS
H14 R OoaT5 scanning MPPS
45 5 90,9995 00,9975 scanning MPTS
Uia Q000005 CpCr GINEYT S scamming WP
Uiy | 99599905 | 099999 sianning MEPS

desigoation CEN decided to use 1L and L.

Figure B. Principle drawing of a "Laser Scanner” for most penelialion particle vize text according w £y 1822

Lasersansor
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TEST ALRDSOLE

Discussions on the cancer risk surroumeding DOS or
DDEHS has resulted in increasing use of Lmery 3004 ax «
test acroze] hotl for production and da sire testing.

Friery G004 15 a synthetic hydrocurbon compound which
is used as a synthetic lubricant and which has proseed 1o
e a pood replacement For older test asrosols, as well uy
heing chiap, nen-coresive and easy to work with,

DS ar DEHS ar, in certain comlexls, sult {NaCly which
las long been used for this purpose, is siriclly prohibiled
for Lesting filters for the electromes indostry, Solid Liex
or silicun particalates are chosen instead.

Liguid partculares sueh as DEHE wre easy w produce in
the high concentrations needed for testing ULPA [iliers,

Latex v silicon particulates are sohd particulates which
are: normally dissolved o water or sprayed our i the
filters, The concentration most be sufficiently low that
cach drop of warer conlains jusl one particulate, The
water must evaporate before the particulale reachies e
filter, This has meant cerlain limitations (o mencraiing
purliculies in sulliviently high concentrations. Llowewver,
pquipment is now coenmercially available and latex or
silicon  particulaies will probably eplace the  liquid
particulates altagether, hoth in productive and an the
[ield..

Figure % Swelid S0, particles jor testing FEPA and
[FLPA filiers
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CHEMICATL FILTERS

Control ol gaseous mmpurities 15 a conditton for the
manufacture of integrated cucuits of the futore, Cheimical
(ltees wre wsed we elesn dncoming exlerior air of
hyirocarhon compounds, sulphur dioxide, nirrous gases
and nzone, Chemical filters are also needed in circulation
ar and  directly above certain processes in order to
remove impurities being released a5 gas from the material
in the clean rowm or froan people and  processes.
Ammonia ITom peaple, for example, will be a prohlem in
ane part af the process and a chemical filter is needed w
capture gases ol this type.

Consequently, o number of different pas Olers will be
pecessary i order W ocaplure specific guses. As Lhe
mrcssures Toss inolhe syslem as s whole mus) be kept low, a
new type of chemical filter has been developed.
Mormally, the concentrations ol the gases are low and the
filters do not need to have such a high capacity as if they
were (o Nlter exterior an, I s, on the other Jend,
important that the degree o sepuration s logh aod
mainlained over a long period.

A medern chemical filter may be composed of porous
foamed polyurethane where the walls or the cavity are
couted with small, sphercal, caboo balls, The poroos
[ram mives low pressure drop amd good separalion as all
the carbon 1s directly accessible to the sases passing
through. Specitic substances can be separated by using
different impregnations in the chemical filter.

Figure 10, Chemical filter of celltvpe, For hipgh airflows
wnd fow pressure drops,

Figure 11. Structure of chemical filier material with ong
laver of ferd sphericel carbon balls inside foamed
prolvierethone,

Figore 12, Chemical filter for laminar Tows and low
pressure drog.
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CHEMICAL CLASSIFICATION

host modern industeies (e the manufactuce of integrated
circuits have 0 he destenad o deal wilth wirhome
molecular contamination (AN as gaseous and vapours,

It was known at an early stage that metallic impurities
such wx Na, Fe, Cu, Zn, Al L can cause electrical
hreskeown in thin cleetrical insolating layers aod current
leakage in ' and N cireuies,

At othe start of the 19905, the microclectrones tdustey
discovered that phosphorous impurities and bovon could
cuwse similar phesomens aod dopiog of P oeicweits, The
iransislor’ s capacifsnce ux oo (uoctGon of e vollage
changes and ean pridoce  defective cirewits. BExternal
auses such as Mo, 50;, KCL MaCl, hvdeocarhon
impurities and gases internal to the plant or from the
provess, HE, HCL, NH;, P and, above all, boren (B) must
he condrolled at calremely how levels,

Chemical concentrations in clean rooms could be 0001
[ ngfim, which is more than 100 times higher than the
particle concentration.

Table 5. Classification gecarding o SEMT Stearedard F21-93.

The elfect of AMC (auborne molecular contaminatinns)
s nod [ully documenled bul their importance s prowing
and is a crucial factor for future manutacture ol integrated
circuits, The concentrations of AMC in air is often
expressed in weight (ng/m?’) or as volume of gas in e air

e ppm  parts per million (107°%) or
= pph parls per billicn (107%) or
®  pt parts per trillion f_l{}']z}

AMC's wre becoming more and more imporiant and in
SEMT F21-95 guscous contaminations are classified inoa
system equal to the particle cleanliness system. Lable 5,

Four different critical categories of AMC are defined;
Acids(A), BasesiB), Condensables(C) and Dopants(D),
The elass is designaied by the leter ™87 and (he ealepory
A, B, O or I followed hy an integer indicating the
maximum total gas-phase concentrafion in parts per
trillivn molar (ppdd). Uor example, o cleanliness class
MA-1 OO0 has o maximum allowable total concentration
ol 1 a00 ppibd of actd gaseous.

Contamination | B Classification

Category 1 ppidd [ 10 ppibd | 300 pptM | 1 000 pptdd | 10 (K4 ppeM
Acids hA-] MA-LG | MA-TO0 | MA-1 DM | ALA- L0 0D
Buases MB-1 MB-10 | MB-100 | MB LOO) | RB T0 (M
Condengables MC-1 MC-10 | MC-100 | 3C-1 000 | WC-10 {iH}
Dopanis M- | MD-10 | I (R | MAD-1 000 | MD- 10000

SUMATLCIL has made a forseazt for permissible AMC
concentrations in the D25um loge process. The most
sensitive steps are TPre-Cate oxtdation”™, Thalicidation”,
“Conte Fovmedion” and P Pluse-lithoeraphy. Table O,

Acids and hases are cormodive Esenus whose cheimeal
reaction characteristics are those of an electron acceptor
and electron donalor, respeclively, The contact farmation
and Salicidation are most sensitive to acids while the
Photcdithograpley i mosl scosilive Lo bases,

Table 6. Sematec forecass for 0.7 5m lopic pracess

Caondenzables are substances having a boiling pomt above
room letperature. which means that they can condense
on a surface,

Duopunls are chemicul  clements which  modify the
electrical properties of 4 semiconductive marerial, Pregate
oxidation ig extremely sensitive o dopants.

Max, Sit|  AMC limits in ppt™M____
Step Limelh) | MMA MB M MD
PreCate oxidation 4 PR 13 000 | 000 0.1
Salicidation 1 Lo B35 00 55 000 1 {HH}
Contact Formation 24 51 13 (HH) 2000 | 1000 {HHY
Photulithopraphy 2 10000 1 (K 100000 [ 10 {HH}
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LAMINAR FLOW

In the field of clean room technology 6 laninar Now, or
the parallel stresming of air, an Important facter Toc the
elfective removal of coniamnants. When varialions in
faminar flow s nonunidirectional. there s a substantial
risk that contarminated air will be inducted o the Low
and that the movement of contaminants across the flow
of ol will increase, Most standacds for laminar [low
eyelemy fake this inlg account and impose delinite
requirements on velocity distribution. What good is a
high efficiency filter il its liltration capacity 15 ruincd by
uneven air distribution? Upeven distribution can be
capsed Dby a poor designed ventilation system or by
uneven Clow of e Teome the [,

Larmi marddy pradilee 10 mun downsdrenm

Cairdil Al am K16 200

- g

0o Aul L B L 12
[Hstance froms side  [Bae)

Figuve 13. Fhis figire shows the airv flow velocity 105}
mien dovenstream of an Abselute filter o different points,
The wirciztribulion will be within most specifted rovms,

Filter madia -~

Laminar shesat .

Figure 14, The pood air distribution s achieved with
the patented veghape of the pleaty and the laminator on
the filter outler

FEDIRAL STANDARD 209 F.

Airborne Particulate Cleanliness confrolled classes
in Clean Room and Clean Zones,

Inxicadl  of  Jaminar  flow  and  twrebolent  How
Vel St 20900 delines the expressions  wmidirectional
airflow and nonwnidirectional arlow

Entdirectional airflow. An airflow having cenerally
parallal streamlines, operating in a single direction, and
with uniform velocity over its cross section, previous
referred to as faminar aittlow,

Nepenidirectional aivflow. An airflow which doct not
meet 1he definition of unidirectional airflow: previously
referred to as furbulent or nor-laminar airflow.

[ES-RP-CC-002.2: 1900

[nstitute of Environmental Sciences Recommended
Practice for Unidirectional Flow Clean-Air Devices
The standard recwmmends procedures and requirements
for clean air deviees and  specifies the following
acceprance of laminarity 30 cm downsweam ol he
HEFPA or ULPA fiher

6. 1.0 Acceplance
<The custimer sheuld speeily average measored clean-
air velocity, typically (.43 1 0005 m/s

BS 5245: 1984

Envirommental cleanliness in enclosed spaces

In appendix .3 of Part 2 of U standard the Tollowing
i sl aboul laminarity: . some high efficiency filters
may requirs certification of velocity unilormity across
the filer face. I such ceriification is required by the
purchaser. then the test method. average velocity
teguired and  mean deviation thereol shuuld he specially
defined by the purchascer amd wgreed with the sopplicr.”

The ald Version of HY 3203 from 1976 specitied both
velocity and uniformity as © Part 1. A2.11.3.2 Filter
bavk air flow: " Simidady  when usiop a vane
anememneter o measure e air veloeity al the [ler lace,
a series of readings should be sken acroze the face in
the hotizontal and vertical planes with the anemometer
100 mm downstream of the face."

5,1.2 The air velocity shall be;
- horizontal low 0435 £ 0,1 fs;
- verteal Tow 030 20,03 mbs.
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AFNOR NEX 44-102,

Eneccintes 3 Empoussicrement Controld

3.3 Sulle propre & évonlerment laminaire

The norm specify an average velocily (b4 més lor a clean
room with vertical flow and 0.5 m/z for horizontal, The
readings shall be less than £20 % of the average value

35 Pose déponasided o coouwlesrent

The averape velocily s penerally between 0.3 and 06
mifg and the individuas]l values chall he within © 20 % oof
the average,

8323 Cus de la salle d doonlement lominaire wire
Velovity shall be less than £ 10 %% of aeerage {as par
T8y measured 200 om downstream of the [ler or
pratective arille,

Nowpic R3 ASSOCIATION

Morm for open LAF units

The measurement shall be taken [0D to 130 mm
downstrean of the HEPA {ilter.

{333 Requiremeniy {R-.’\}

Lnless ather wise agread, all measursment vahies shall
be within the (.45 =204 % mfs range, Mo clear systematic
sartations o velocity, such a5 an avea with lngh or
Toe air velocily, may he peroiited.

Figure 16. Smoke traces demonstrating of laninar Tow
Sros different filters, The wpper (ilter with the lominar
wheet  how poarallel siream, wihile the  filter with
seporators haz marve tiebilence, The bottom filter
pepresenty o tvpical minipleat filter with very heaviy
turbulence

SUNMMARY OF NORMS/STANDARDS

Several standards stipulate an average air velocity of
45 k] mfs In most cases the individual readings
shall be less than & 20 % of the average velocity.

The pesitivn al which cach velocily i measired varies,
hovaever the norm i om0 mm up ta 200 mm
doensiream of the filter face.

The pumber of measurement points varies lom the
entire foce to individual points spaced 300 oo apurt.

FUTURE
The demands of laminarity increéase with the higher

efficiency demands and more and maore endusers specify
Figure 15, Lowmnr Tow Bench, where laminarity could less and less deviation of velocity,
he ol prear concern
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ROOM CLASSIFICATION

The most well-known classification system comes from

Federal Slanducd 209 which was published Tor the sl

fme in 1963 i dhe TTSA. Smee the first issue there have
boen five revisions and from September 1992 ed Sid
2ME 1510 use,

The FHW slandard 1« the most reeognised clean room
standard for classifying different cleanliness classes. The
versions were always based on the number of particles
equal or larger than (L5 pmom one cubae [ool ar while the
latest 200FE is based on 51 Dmetric wnits),

In spile of the world=wide use of the 209 slandard many
countries, companias and socielies have made their own
versions. All have vsed the merric system, but reler 1o
different systems for classification of cleanliness. Britain
wses Jetters of Alphabet, France has munbers, Germany
uses the logarithon of 140 pon particles per io® while Japan
uscs the sume system based oo 000 g counls, Inomost
cased there are Crossoyer pormis o 209,

[54) is working on clean room standards and  the
ISCHIIS 140d4- |, Clearrooms and assaciated controdled
ervicemmendy  Pore 1D Classdfioaiion ef lrborne
pearticidatey has heen submitled o IS0 Tor approval as
final drafe arandard {FTTR),

ISCHTHS 14044 part 2 (Testing...) and part 4 (Plesige. ) of
have reached draft nternational stage, while other paris
are: under work.

Duge to 150 work in this held mose of the national
standards will disappear in the future.

150 14add-1. CLEANROOMS...
Classification of airhorne particulates
The TS0 slandard from 1999 describes that the clsanliness
shall be degignated by a classilication number, A 'The
mazimnum permitled concentration of particles, O for each
considered particle size, £7 is determioed from the fotmula
C=10" W 1% Particlesfm®
where
7 is 1he maximum concentratinn in {[_\:ar'[icjesfm“']
A s the TSCclasgs {maximum Y)
£) a8 the particle size in pm
0.1 15 a constant (he reference sizel i pum

Tl 150 classilication nmnber shall nol exeeed @ bl
inlermadiate TSCH clussifications may be specificd with 11|
as the smallest permited inerement of M.

The lable 7
cleanliness

presents selected  airborne  particulate
classes and  the corresponding  pacticle
concenteations o paticles cqual 1o and larger than e
considered particles shown.

I'he merthod for determunation ol classification and the
statistical approach are described. The mininnmn number
of sampling points are the square cool of e cleanoem
arca nem? (rounded up loow whole number), The sampled
volume shouald be sollicient al each localion that a
minimam of 20 particles would be detected if the
concentraton ol the relevant class were at the class limit
For the largest considered particle size.

The clesnroom has mel the acceptance eriteria if the
averape particle concentration meets the required class
limils al an Y53% upper confidence limit, The standacd
gives examples of detailed calculations o dilferent
conditions.

Table 7. Afrborne particulare cleaniiness closces for cledn rooms gocording to INCY Fdodd-f - [ 9UY
The classes shall be defined in one or more af the occrpancy stefes. ax built, ar rest or operational,

Max. concentration (particles/ne’) for particles cqual to and Iargcer
than the considered stzcs shown Telow
Class L1 pm 1.2 pm (.3 pm 0.5 pm 1 pum 5 pm

150 Class | I} 2
TS0 Class 2 | TH¥ 24 0 4
1SOClass 3 | ] LOOOY | Lt L
TS0 Class 4 10 (000 2370 | 020 332 B3
IS0 Class 5 100 D00 23 T |0 200 3520 Rz it
IsrClass 6 1 Q00 00 RETRVLT 1032 €366 35 200 B A T
150 Class 7 352 000 83 200 2930
TS0 Cluss 8 ASZ0000]  R3Z 0 2% 3N}
150 Class 9 35 2AWIO00] & 320 (W) PLER T
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U5 Ve S 2001
The standard 15 based on 51 (meric unils) and describes
the atrborne particulate cleanliness classes

i1, M15, L GBT according to the Tollowing Lable.

251 Max. particles/m

Class (b1 pm 0.2 wo 003 o 005 3 pin
ML 3510} 757 ana [1h.0) -
WS 1240 265 [} 355

M2 3500 VA7 309 104}

M 25 12400 2053 1060 353 -

ME 35000 7570 3090 1000 -
M1y - 26 500 1D a00 3 330 -

M4 - TATHE M 10 000 E
MAS - = 35 300 247
M3 100 000 018
M35 - - - 353000 2470
Moo - - - 1 O00 000 & (8D
Mas - - - FAEO00 200
M7 - - - L0 08 ] KO0

The conditivny of iext of the clean room shedl e recorded
av Cay buildt, Var rest”, “operationad” op otherwise os
aprecified.

The copcentrations limits are based on the table but the
following equation could, approsinately, be wsed Tor
uiterrediate classes

Particlesim? = 1OM0, 50437
whers

M =5 the class (1, 1.5, ...ctc)

d = is the particle size in pin

The claexification is baged on the (05 pm particle size, but
the verification of cleanliness classes could be made by
other sizes. The class should always be followed by
verification size, Fou exunple:

o pduyy W3 (e (L3 pm) ot

el W3 pan 03 e and 0.5 )

U descriptor

Mew o Fed 5td 209E s et a U descriplor could be wsed
to express the concentration ol wlra fine parbicles
(02w aond Barger). The U deseripior may he msed alone
or as a supplement Ao the specification of cleanliness
slasses. For example:

& Oy U200 deseribes cleanliness class with ool moce
than 20 altra fine particlesfm?,

e Claas M 13 far 003 pom), UE2000) deseribes air with
nub more than 106 particlesfm® of 03 pm and larger
and nat more: than 2000 ulea fine particles/m?.

Number of sample locations vequired

For anidivectioral airflow the nember of sample locations
required for verification of class shall be tw lesser ul the
two following alternatives a and b, where arca s the
entrance plane and M the melrie class,

14

i) Area (/2,32
b Arva (nF e £ [ 1MRS

Por sonnnidirectional amfow the minimumn nuwnber of
sample locations should be as alternative Iny abowve, hut the
area is the floor aea.

In any case no fewsr than two locations should be
sampled and at least lve samples shall be laken mocach
zome { more than one sample could be taken al the same
location),

sample volume and time
The minimum zample volume and sample tme will be
calenlated in order 1o have 20 counts at the closs limil,

voluine = 20¢class limit concentration
e = velumefsample flos

For example:
lass M 2 (ar 08 pm) has 304 particles/m? as cluss limil

valugie = 204309 = 0.0647 17 = 64.7 litre

For a  particle counter with a  sample  flow  of
TR litre/minute (1 cubne  footfmioute)  the  minimum
sample rime wall then be 64772583 = 2.3 minutes

It is lmoportant te have high sample Now o reduce fme
when werilving high cleanliness,

Acceptance criteria

The air shall have met the acceplance crileria for o4
cleanliness class wheno the averapes of the concenteations
ineasured al cuch localions fall at or below the class limit
or the 1T descriptor,

If the total number of locations s less than icn, the mean
of the averages mwst fall e helow the class linit with
03 & UCT. (Upper Confidence limi) described in the
stamelard

(hhers
Lhe 2{MWE standard also includes the Tollowing sppendixes

s Coonting and sizing awhore particles using oplical
Microscopy

v Operation of Diserele-Particle Coumer

¢ lsokinetic and unisokinetic saimpliog

= Muihod for measiring the concentration of: ulirafine
particles

*  Rutionale [or the slatistical rules used in Led Sl 2098

¢ Sequential sampling

= sourecs of supplemental inforniation
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OLp Us FED STD-209D, 1938

The classification systemn was based on the number of

particles 0.5 pmper cubic fol ol aiv and the Tollowing

table gives the class limits in particles per cubie oot ol

size, equal 1o or greater than particle sizes shown.

Mazx. number of particlesiclt
Clasy Dotpm | 2pm | (R3um | (Lapm | Spm
I 35 .5 3 1| NA
[} 350 5 30 ] WA
[} M R 00 1414 MA
L Gt MA NA MNA [ RN 7
[ 00 NA A MA L0 08 T
L{H} Q0 NA A NA | 100000

MNA = not applicable

FrRANCE AFNOR NFX 441001, 1951

In France the ASTEC Communicafion 7202 classilics
three room  clagses HNNHE A 000 and 4 Q00 THHF as
fallows:

Wlax. numhber of p:ﬂ'ﬁa:]{}}:fm{
Class 0.3 01
4 1) 4 Dt 25
A0 O AH} (00 2300
& (D (0H) 4 (HH} 000 25000

The room shall be at rest when determining the room
cliiss,

The French wvoersion hases the clisses om the number of
patticles 0.5 um per m* of air. The standard has almost
followed the distribution curves o Fed Std 200 hut
changed the number of paticles o more uniform oetric
Opurcs. Class 100 which s 3.3 particles/l or 3300
parliclesfm? is supposed 1o he class 4000 sccording (o
AL,

CERMANY VI 2083, 1990

In Germany the VI 2083 follows the French change to
more uniloom Gguees and W the owmnber of parlicles por
met ol wir, Bul the syslem is hused on 1 pin particles and
the 1 exponent of the conceniration. The classes
2,004 L are close to the disteibution curves in Led Std
2{1 and the French system.

Particles/m
Class 1 uen (L5
0] 100 dx 1
| 10! dx | O
2 102 dx 102
3 I{F dx [0
4 1 dgtn?
3 s dx 107
t 1) Ax108

The cluss of the roon shull be measured during working
conditions.

GLMP PLOEEC 19549

The organisations  for  pharmacy  make  inlernativoal
standards, (Guides w Good Munulacturing Praciice). The
Pharmuaceutica] Tnapeetion and BEC define in GGME four
different claszes A, 1, C and 1) "Lhey are approximately
equivalent to Class 100 (A and By Class 10000 (C) and
Class 100 (N (L,

Jaran JATIA No 24 - 1989

The Tapanese claszification is similar to the German VDI
system. but instead of vsmg the number of particles
1.0 pim it uses the 0.1 pm particle size. The [0-exponent
of the count of particles 0.1 wm per md pives the elass of
e roon.

Particles/in®
0.1 pan
10w
1ol
12
10t
[l
107
108
1’
10%

Class

S o= O Uy el B o—

FEnGr.axm BS 5295 - 1989

Tor avoid eonfusion with the old svstem the new DS 5245
has a letter system, O, D, B, instead of the old number
system and the mamber of classes s alse changed from 4
w10,

he classification 15 based on the pumber of particles

0.5 um per m* of air and the class limits ave close to the
Fed Std 209,

Maximum nuinber ol particles/nr’
clazs | D.3pm [} 5)um Spm 10pm | 25um
C Iy 35 il MNE NS
3 1 (K} 350 0l ME NS
F 10 (Wi} 3 50 0 ME i
[ NS 5 S04 i] NE NS
G 1030 (MY 35 000 200 i} N&
H NE 35 000 200 0 N3
I NS 300000 2 (KN 450N n
K NE| 3300 000 20 (00 4 30N 500
1. NS NSl 200N A5 Y 5000
Tl ME NS ME| ESQHHY 50000

NS = not specilied

Pesigredion of the Instllation shall include the closs
follwed by one of rthe three srares of operation as: “os
hudle” "uanned” o Murmanned"
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SUMMARY - ULASSIFIUATION

The class limits of particle concentrations are defined for
class purposes only and do not necessarily represent the
aelusal situativn,

150 14634 will replace all national standardy in a couple
ol vears,

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

Table 8. An approximete comparison of mafor clean room classes comparing (0.5 pm pariicle size,
Moot the different classifications use different concentrations, particle sizes ard

differend slopes of the carve ax base fire cespective classification,

Particles 50 class  |US us EEC France Germany | Britain Japan
per m’ [ 4644 | TR 2001 GGMP [AFNOE | VDI2Z083 [BS 5205 |JACA
05 m | Lo | Qo | A 1989 (951 _i‘;‘f] 1955 [ G
|
EE 2 i 2
L0 M|
333 |3 M5 I | 3
L0 i e
553 4 M2Z5 |ID & 4
L 000 M 3
3530 5 M35 100 A+ (4000 3 Eorl® |5
(AR M 4 B _
33300 ¢ L M4S |1 4 GorH |6
100 04} M5
B535 (HH E) % e T S I 0 T 0101 D00 i B I ’-’
1 (W) (0000 M 6
3 5340 (00 & MaS | 100000 [ 1 A D00 OO0 |6 K 5
T3 LU D000 WY
(L)
iy
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TESTING OF INSTALLATIONS

Absolute [hers should be manufactured 1o o very high
qualily with every {ilter being tested and checked before
doelivery, However inosume cases the [ilers oy be
damaged during transport or when heiog installed.

Il 15 therelore impartant o check, the filter fsell, the
sealing between  filters and  frames, and the whols
mstallation.. The (rame system 15 probably the most
eritical part in a oew installuiion,

Such an "in siu” tesr does not require the high pencteaing
test percsal as used in the manofactorers’ quality test A
Tuade on leak will pass particles of rather large dimensions.

Imstalled Mhers are therelore lested repacding U total o
averall efficiency of the Aler system ovfasl i there are
aly unacceptable leaks.

Mlany stanidards have been developed and some of the
masn usial are:

Tiesl-

mrand aid acringel okt Fx_;uiImlunL
[ES BP-CC-DO2-86 DO 1. Photomeler
[ES-RP O 2 LyP L+005 Phommeter
IES-RP-CCHMG.2 BIek L Photometer
TES-RP-CCH2 MNatwral L Counter
RS 3295 Mari | 7 mory L Plotometer
B 527h DOPCACT T4+0F  Plustcancler
Huroyvent 408 L3 [0 Photomatar
ANEI NS0 [P 2L Photomerer
NE F-2-41 ROP £k Counler
ASTM FO1-F O L. Muglei " "
MSF 49 DOP L Photometer

L = Leak test OF = Overall Efficiency test

Tntroduetion of the weresol way contaminate the (e, the
clean rocm or equiprient. The wse and tepe ol Leslasosol
his o be agreed on,

Mast slandands  wse DOP (diocwylphialate)  particles
meneralod upstrearn wl hé [lter system, The asrosal is
pematically  pencrawed  with an approsimate mean
diameter ol 0635 um,

The polydispersed DOP acrosol used for in place leak
Lesting must not be confused with €13 um monodispersed
DO acrosol wsed e modivideal testing of Absoloe
filters during manufaciuring,

The aceosol produced by o Laskin noeele has the
Fullowing light seallering mean droplel sive disteibulion

999 less than 3.0 pm
S0 less than 00 jum
104 less tham hd pm

The BS 3205 don'l spectly type ol Lest acrosol, but the
dhigirihuiiaon shall be

75 % less than [ pun
S0 % less than .7 pm and
20 G less thao 0.5 pin,

which s close (o the TROT distribiian,
The overall efficiency 15 normally

rpeasuring  the DOP concentration
dowenstrenm of e Tilter by a photsmelwer.

determined by
upstrean and

The only standard rthat describes DOP and  particls
counters is MU 34T when  testing two Absolne hiers
i sertes. The novmal photometer can be used  for
penetrating factors of 107 1o 10° and this is not encugh
For Giliwers in serics.

LEARS

The leak test is made by scanning the whaole filter and
filter systemn downstreamy of the filter. An unacceptable
lzak varies with standard and tlter quality.

According 1o Brilish Standard BS 532760 the maximum
permitled concentration for Cleanliness classes C, [ B
and L iz 0D of opstream concentration. For ather
clusses where high efficiency [illers are used (s the
raELmwm permitted concentration .0 %,

TES-RP-CON0G.Z. {esling Clean rooms) specilios o leak
when  phorometer teading in any place is grealer than
(.01 % of the upstream reading.

Tnstallation leald tests cap also be done -with particle
counders as described o IES-RP-CCONG.2 10 the buver
and weller wgree on speeilic lesteonditions, clullenge
aeroxnd, disrridion and concentration amd The definilion
of a leak. The standard explains thoze problems and the
statistical approach ol testmg.
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DOP TEST ARROSOL

DOP, dioctylphthalate, also known as DEHP (di-2-
ethvlhexyl phthalate) is the mest well known lest acrosol
and has been used in owuny years for tosting filters m
production and M s,

DETIS-TEST AEROS UL
DEHS or DOS or DES has eplaced DOP in many cascs.
‘The particles are generated in the same way.

DTS is the same as

DS, a2 -ethylhexy]} Selbacate or
Bis(2-ethylhexyl} Sebacate, CopHsOy o
DOS (Thoeiyl Sehacae),

TMERY 3004 THST AEROSOL
The possibulity that IDOP may be carcinogenic under
certain conditions has ibroduced olher lest acrosols as

[PEHS and Emery 3004

FEmery 3004 which iz a synthetic hydrocarbon used as

synthetic: labeicant,  has  replaced DOP in

apphcations. The Emery 3004

= porforms as owell as DOP without modification of
exialing tesh equipment.

e Qnexpensive

& honcorrosive and clean to work with

s noen-mudamen and safe toowark with

S0

{ther actosols 1o be used are

= Mincral o

+  {laic acid

s P51, polystyrene latex spheres,

Figure 17, Drawing of a Taskin nozzle. The aerosel i

venarateed by flawing compressed air thronek the noezle

inta the DEHS iquid,



<camfil

PARTICLE COUNTERS
The classical particle counters lor Clean Rooms (Roveo
and Climet) measured and counted particles down 1o
0.5 pm. The sample flow was ene cubic il per
minute 1 CFM =284 ninule).

Thi conventional standards for classification and testing
of Clean Romns were based on such equipment, The high
sample low (1 CEM) made them suitalle Tor purticle leak
scanning of filters amd Oler installations.

Mormally  there i a relationship  between  mininum
measurable particle size and sample flow, By reducing the
satnple How it was possible 1o measwe dewn e the
particle  size 0.3 pm owith sinmalar  instruments. The
developments and improvements of the oprical part of the
tstrumends ded e particle counters reading down Lo
(1.3 pm with a sample flow of | cfim. By measuring down
o 03 pm instead of 0.5 pm more particles could be
found 1n the air. With higher demands of cleanliness the
existing standards could Dbe wsed by referring o wize
0.3 i dnstead of the convendionul 0.5 pmeosive,

Tawer light and modern alectronics  made 11 possible to
count particles down to abouat 0.0 pm but ag the expense
ol sample flow, A typical sample flow of o laser counler
could be 5 cnr' /s or 0.01 ¢l This s only LY of the
[ow for conventional particle counters as used n Clean
Rowarns. This losy sample flow has a particelar importance
Fow the sceoracy when classifying Clean BEooms. The low
sample [low makes it difficult w0 scan flters in the
installations,

Fipure 18, ONC media test,

Today however the highest sensitivity and How rale
capacity laser counters can measure down o 001 pm A an
arrtlow ol 1 efm, This is achieved by using several “pulse
phatodetector high  analysis”  for particle  size
determination. Euch deteetion covers a part of the laser
bezan,

Cither types of particle counter are the CNC counters
{Condensation  Nucleus  Counlers).  They count  all
particles in the air independent of size, even particles
much smaller than DU pm, In the CROC aleohol s
condenseid on particles that then grow 1o about 12 wm in
sivir and become easy 1o count.

Together  with & Dilfusiom Ballery {DB) or  an
Electrestatic Classtlicr (FL) the ONC can be used Lor
counling the number and sive of particles down 1o
(0L pe With the DO placed before the CNC, the
narlicles can successively be separated into difTerent
particle sizes. The CNC then counts the numbers of
particles in each size. Is o tine consuming dest compared
with systems based on oplical paricle counters,

Thpieuld Femtmtion

ALLETE | & 7 | AL

10
00005 AT

Sy

a.u.s.\.\.i‘\. T

s L1 s
Particle st [pd
Figure 19. The resulis of an absolute filier medic ar o

rarge of sample fTews. The penetration varies with
particle sive and media velooiy.
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Agowell ag the minimum measurable particle size or type
of equipment thees are a fow things that should be aoted

in all parucle wests, such as the type of acrosol, number of

particles and the poise level of the instrument (the level
where the Julernal clectrieal impulscs cannot he separated
fromm parlicles npalses).

TYPE OF AEROSOL

Al particls counters are calibrated against some kouwn
particke, Usoally these are latex purticles that can he
obtained in very exacl sizes. One purticle that gives the
same teltaction uy | pm lalex particle will then be
regislered as | pm particle, The difference in refractive
inclex and the irregularity ol particles will of course
influence ol the size designation.

NUMBER OF PARTICLES
Tu oblain relishle walues requires that the number of
particles connted are not too small.

Counting of particles noomally Tullows (bt Poisson
distribution law, IFN particles arc measured the standaed
deviation is o/ and the error for a probability level of
U5 5 05 two times that standard devialion.

IT 100 pariicles are registered by a particle counter the

probable eror due to the counting is 2 (10" =20 w
100 =240 partcles or in this case £20 %, While just 16

Zaw Byl Lipp

EC-CNC Medio test,

meusured particles will give o swatistically misleading

reading of L8 particles oo £30) %

The number of measueed particlos must be greal cnough
o give an aceeptable ertor, which should be poinied ot
hy  moom  classilication.  On the other hand  the
conconiralion cannot be loo high. There must be a
statstical small probabilily that two or more particles can
be i the light beam al the same time,

MOISE LEVEL

(Tndernal electric impulses in the instrument)

The lowest particle size depends on sample flow and
geometric design of the lighl heam and chamber. Lower
o - sinaller siee,

T 1% important 1o know that the counlers are working very
close o the noise level of the instrument and that inernal
electrical impulses can he registersd as particles i the
loweest fevel. The resulr clase o the limit could e
influeneed by particles below the minimum measurahle
wiv.

Llsually the measwemenls are made within pre-set sizes
and intervals, With u mulli channel analvser the interval
can be wery nareow, it this will complicate the precision,
as Lhe number of pamicles can be wo small w pive a
staristically satistactory result,

il
| |
s P
* L
i wN Ahgelate #lir
fl'.a.
i Lo o
i
\
II
Zhean il
i g
B il
= L S g
[ |
. | i Meptralizer
Zarianl guaees Lo =

ot

Bhsclute Tiler

Cirar

Figure 20. The principle of the CNC test method for measuring the Most Peneivating Particle Size for filter media,

]
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SYSTEM COMPONENTS

Filters arc u necessity for highly clean conditions, But a
[ilter ix just one component i a system. The final resall
depends in most cases wore on the cleanimess of the raw
material and its handling, the proection of the produc
and the air distribution. The most important thing m
contral is the dust penerated from those wlhio work in the
rowtn ancd [rom the installed machinery,

The filter is nonmally e casiest part in this equation.
Lafortunately many think thar gond filters are the sululion
Lo the prolilem. This is nor necessary true, bu il you have
selected the hoest possible (ler guality you can at Jeast
exclude one passible error when prohlems are showing
upr.

The cleanliness afler a [ller does not say anvthing aboul
the cleanliness in the room or in the process, Conversely,
acerlain claim of cleanliness class at the process doss notl
sy anylhing about which filter quality should be vsed. A
cerlaim munimum quatity s oeeded, depending on other
components in the plant,

The first siep =t have clean gir to starl with, Befora we
see which cleanhness class could he achioved with
different filter qualities in different applications we
shonld analyse some ol the [acls thar influence the
afvironment, Smng of these are shown in the diagrams
and in "BASIC DATA FOR CLEAN ROOMS" laler in
this publicalion,

IMLreRr

Fifers are in dilTerend stapes in the systemoand the main
consideration s (o know the efficiency Tor dillerent
particle sizes. The efficiency for 0.1 wm particles varies
for example from approxmately 15 % Jor HIZFLO 65 1@
90.90000% ¥ for SLUPER GOLD SEAL filier, Liliciency
lor other filiers and particle sives can be seen in the
BASIC IATA and diagrams.

OUTDOOR AR

Livery air conditinning systerm 15 based on ouldeor air and
ane has o know its contamination level, which of course
varies a great deal with the place and the (ime,

I the "BASIC DATA (ables” thers is an example of
clean air W!Luu the number of particles larger than £, 1m
15 5x 108 per it of wir. Bor in dir tv outdool air the number
of particles Targer than (010 pmi can be as much ag 1010
parlicles per m?,

INTERNAL DUST GENERATION

The most diflicult problem when designing a clean room
is to caleulate U internal dust gencration and i
influence on the process. The luman buing is normally
the most dominating factor, but also the process iself can
in many cascs renerale particles,

Tests made with a laser pariicle counter show thal 2
human being with working clmhes cugared in extreme
movement, could generate up to 100 pardicles larger than
1 wm per qu,nml The generation of particles arger than
0.3 wm ix 45107 and larger than 0.5 pm about 2x109
particles per second,

The number of parlicles generated  varies  preatly
depending on activity and 1vpe ol clothing. 1t is possibla
1o reduce the above maximum oumber of particles by 10
to 100 limes with suitable clothes and routnes, The
nuwimber of particles generated by machines has to be
given by the manufactures in cuch case,

CHOICE OF FILTER - CALCULATIONS
Which cleanliness vlusses respective could be ohiained
depends on the differont components,

The fellowing examples show, wyether with diagrams for
larninar and non laminar syslems, how cleanliness classes
win he caleulated under difTerent conditions.

The formulus used are approximate, More details could
b found in Cambil "Ventilation Swstermn Design” book.
The caleulations could be made with help of the camputer
pragram "CleanRoom Culealatan”,

UNIDIRECTIONAT. FLOW ROOM WITIH 10D % OU1DOOR
Al

Which cleunliness class regardiog 0] pm particles could
be achicved in a room with HI-FLO 83 as prefilter and a
GOLDSEAL clean room filler ax final fileer?

Suppose that the installation 15 m 2 very dirly urca and
that 100 % culdoor air has o be used,

From the diagrams or basic daty tbles we can see that o
dirly uir could have a concentration of 10 particlesfin®
barger than 0.1 pe, HI-FLO 8BS have 50 % efficiency af
thise particles, while' the (GOLDSEAL filler iakes
SU.UBYE 9 ol the (0 pm particles,
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Tl HI-FLO B3 will reduce the concentration by 50 % to

Fx10Y pardclesm?.  The GOLDSEAL filler  takes
SO00UN % of the remaining  parlicles  and  the
concentration  downstreurn the  filter  will  be

0.000002(5x 10 1 or 10000 particlesim®.

The class aecording o Led Std 200E could approximalely
he caleulated by the equation

Particles/m® =10M0.540)2-2
O LL Gur Case

[0 000= 1 0™, 80,1 )72
which gives

Il=2.d6 (at 0.1 wm)

We can soe i 209E able thal we are close to cleanliness
class M 2.5, whers the number of particles shall not be
Tt Lhan 12 4000 pztrric]&s;"m'-l_

000 partclesing” larger than 0.1 correspands 1o T80
Class 4.

UNIDIRECTIONAL
RECTROTILATED ATR
Which 0.1 pm cleanliness class could be achicved in a
room with 100 % recirculated air wid one persen per
10 m? as the only dust generator?

FLOW  ROOKM  wirth 100 &

The "laminar” velocity of 004% més gives for 10 m? an air
flow of 4.5 mYs per person. If we assume maximunm
mumber of particles from one person then he duost
generation will be 100 pavrticles/see and the concentration
upstream el the filler could he calealated according w the
formula (sew diagram ater)

f-".'r,r: =40
or
C,p = 10°9/4.5-2.22 107 particles/m?

Dhwwmstream of  a MICRIVTAIN  filer with 08 &
elficiency there will be (L0242 2x10%=4400 particles/m?
equal to ot larger than 0.1 pm. This filler will give higher
copcenration than class M2 {at 0.1 pm), which is
maximum 3 500 particles/m?,

UNIMIRECTIONAT FLOW ROOM WITH KECIRCULATED
ATR

Suppose RO % reciroulated air (X=0081 and dirty culdoor
air (Cq=10" pariclesm?® 20,0 um) and e dust
genetation [rom one person is as much as WP puriiclesss,

One person per 100m? pives the "laminar” air flow of
4.5 ms

With  HI-FLO 83 ux  a  pre-filier {-:.lP:[J_ij the
conceltralion upslream of the final filer will be (see
formula in the diaeram in the end)

Cop=X SO 1K) - L
L
= 08X 105902 54 (1-0.8)(1-00.5) 1010
T= L THx105 4109

=ca 107 (particlestm =001 pm)
/

The influcnce of the internal dust generation is vnly
782107 compared with 109 particles/m® from ouldonr
uir. The internal dust generation will not alleer the leveal
upstream of the tnal filter very much. The concentration
downstream a Goldseal (inal ler with 999048 4% of
1 i pacticles Mler is (2 009% 10 = 2000 particlesind
aod the cleanliness class could be estimated

M o= log2000 2. 2]ogh50.1)=1.76

The cleanliness class is better than the M 2 (at (0.1 ),

If we make the same caleulation for [SO classification we
gel the Tollewing eoquation based on O pm parlicles

2000=10" lowga. 10, 1)7 08
N=33
The rocen will mect the TSO Class 3.3,

NONUNIDIRECTHINAL AIRFLOW SYSTEM
Suppose:
Lirty outdoor air €, =109 pariclesm? » (01 pm,
| persond 10 2 gencraiing 100 particles/s =0.1 wm.
An air change of 30 times/h and a room height of 3m
pives (.25 ms per person,
B % (X=008) recirculated air
HI-FL{1 85 as prefilter {1, =U.5}.
Absolute filter as final fller gy= 099995

The cleunliness class or concentration in roont could
approximately be calenlated with the following formula
(see diagram)

€= SQHI-XN 1-h ) 1-h, AT,
o
C=109/0.25+(1-0.8)(1-0.53( 1-0.99998). [0 19
C=4x 1071 2x 107
=4 020 000 (particles/m? =0, 1 jum

The class will approximately be
M =log(d D200000) - 2, 21og(0.5/).11-5.06

This is too high concentraliom o be covered in the
standard classes according to 2091

A betler [ler has no influence on the cleanliness lovel, in
this example, The only way to decrease concentration 1s
tir reduce the internal dust genceration with batter clothes,
covers, higher airflows or lind a heirer techareal solution,
unidirectional aicllow for instance,
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The same caleulation made for (05 wm particles gives
Hi-Fliy 55 'rfﬁ:ﬁ.?
Absolute  17,=0.909994

§=2x10% particles/s>05 pm
O =3n WY particlesfm® > 0.3 pm

“anr

C = AR50 1080 10070 1-0.999999 135 107
C=8x 10792 =800 002 [(particlesfm®)

Tha class could be ecstimated
Ml =lom{ 8O0 O -2 2loe{0.5418)
M=349 {at 0.5 um)
We will meet class IO (ot 0.5 pmaceording to 208E,
The 150 Class comld be caleulaled In the similar way
M= logBO0 002y 20Elog 10.5)
which sives
N =745
And the envirenment will meet 130 Class 7.4
Agrain a heier Oleer has oo inflluence o e cleanliness
level in this case. The only way is Lo redoce e dust
seneralion of increase air change ate.
The same calculation for (0.5 pm partcle and a Micretain
filter with the efficiency =099  pives e Tollowing

calculation

€ =2x 1090.25+(1-0.8)( 1-0.73( 1-0.90)- 35 1 7
=RINY 00+ 18 OO0=8 15 000 {particlesin)

The cluss wall be M9 (at 05 um) A very small
change,

COOD LUCKC
with further calculations!

Diaprams/ Tables - enclosed

Fileieney for Glicrs

Ohitdoar air

Humian dust generation

1503 14644 | Adr Cleanliness classes

Fed Std 200E Adr Cleanliness classes

Basic Data- Clean room tables

Laminar Air Flow System, Unidirectional
Absolute (lter installations, Monunidirectional
Clean benches installations

e e

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

a1
B

Penetration (%)

] T ——

T

I

MERETAIN ﬁ
: =T £

=

_fi

1R-1

7

1E-2

ARSOTUTE —|-

1E-3

1E-4

0

/

Hf

1E-5

LDSEAL LHy . B [
hnﬂ% |
1\h = :
5 ..

—— SUPER GOLDSEAT ?KDW
t e =

1E-6
(101

i

.10

Particle size {(pm)

e
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DIAGRAM 2.
OUTDOOR ALR
(Particles/dnt’)
1EADT =g —— —
-““N — OUTDOOR AR
\m\,. ) Number of particles
larger than size
1TEA0 A —t —
P
!
DIRTY
1E+05
\-\. B
“\\ _
1EA+4 \tx\_
[y
1 CLEAN
1E+03
1E+02 T

0.10 0.5 1.00

Particle size (pm)
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DIAGRAM 3.
HUMAN DUST GENERATION

Nmmnber of parlicles generated

per person larger than size
Particles/second
1E+07 —— ; :

jhoft || W | -

. I Maxinmm - hard working

TEADS —— = \\\

\“\h — | Walking - normal clothes

— B |
T | Walking -cleanrvom clothes |
1F+04 ' == '
" v
- % || Carefully walking -
T |200d cleanroom clothes
1E+03 - : =~ )
A gy H-‘""' = =]
-q o SLEPE
1E+02 ‘ |
0.1 0.5 1

Particle size (um)
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DIAGRAM 4.
CLASSIFICATION ACCORDING TO ISO 14644-1

Particles/mt’ equal or larger than particle size

1F+8

= — T T1S0 14644-1
= Classification

LE+HT

1k o

\ [Cluss 9]
' | Claula-a &

\; | |

: C]ass'?|

1E+05 o

e

I,

4]

S :
1 Class 2
([ \—‘j i |
T : -
b1 0.5 L4 lk 10.0

Particle size (un)
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DIAGRAM 5.

CLASSIFICATION ACCORDING TO Fed Std 209E

Particles/mt’ equal or larper than particle size

1LEH7

LG

LE+S

TEH)2

1E+01

—
Y

i i _i_'l__i:

Fed Sid 209K |
Classes ;

Particle size (pm)

e

Ln

L0
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DIAGRAM 6.
SUMMARY - BASIC DATA

QLTI ALR
Mumber of particles larger

than srae

Size  Panticles/m?

pnt dirty clean
0.l [x100 5x108
03 Wt T Y
i3 wInd Ixu

HUMAMN DUST GENERATION :
Numher ol parliclesfsecond lavger than size per person

“Walking caralully
Size maximmom clean room witlking clean
Him clothes roam cloths
0.1 1s10° Sx 14 Sx i
03 4s107 2x100 2x10¢
S [ T AT Ix 0P

FILTER EFFICIENCY - FENETRATION (examples of Clean Rowm Fillers)

Efticiency %

Penetration 4

Filler MEPE L] o O3um  05um  MPPS 001 pm 03 pm 05 (im
SUPER GOTDSEAL 0090008 00000005 90 DOG0G (100] 21077 Sx107% Ix107 ()
GULL SLAL UB.9997 009908 999000 (100)  3x107% 2x10 1x10 ()
ABSOLUTL Y9995 99997 99998 999999 5x107 3¢107 24107 Lxl0d
MICRETATN 9% 99 083 99 2 I 13 4
HI-ILO A4S - n il o - 30 20 LGy
HI-FL( 85 7 a0 il Tt - 30 a0 30
HI-FLO 65 L5 24 25 - 83 B 73
CLEANLINESS CLASSES [50 14644-1
Klax. concentration {pﬂﬂ]‘(‘]l’.ﬁfﬂl}j for particles equal Lo
and larger than the considered sizes shown below
Class 0.1 pm .2 pm {13 (.5 pm 1 pin 5 pim
[50 Class | 1 2
IS0 Class 2 100 24 14} q
1S0Class3 | 1000|237 17—
I50 Class 4 10 (100 20 1 020 3572 3
50 Class 3 [ {30 Q0300 23700 160 20} 53 LA 249
150 Class6 | (000000|  237000|  102000]  35200|  §3%0] 203
180 Class 7 S92 M) W5 200 T G3)
150 Class 3 3520 (00 LEWR LT ALY
T50) Claws % 35200 0001 8320 000 2973 (HH}

CLEANLINESS CLASSES FED 5TT 200E

a5
EEE
Mb
M 6.5
M7

35 500

3373 000

1 (MM} 030
3530000
10) {104} 000

L AG0000

A0S Pela particles/m®

Class ol pum 0.2 pm 0.5 pm (L5 i 5 e
M 1 30 ) 30M 1 -

M 1.5 [ 240 265 LD 35.3

MZ35 2 A0 2 HAD 1 a0 534 5
M3 35 000 7570 J) 1 (HHD

M3F et 20000 OO0G, el 2

% B T3 700 300 0 14} D0 =

247
018

P

f 180
29 700
Gl 300

29
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DIAGRAM 7.
UNIDIRECTIONAL FLOW SYSTEM - Cleanliness calculation

ULI.liJ{‘JIUI ar , A R
nm t ;’ Q {m-q‘,."sj Final Filter
= :

ora " up 1y

(1-x)0) (m¥s) |2 i
X)) (s % b,vvw\ A AV I‘\fﬁ'\|

Prefilter 4 1-' 4 ¥ 1'4_ 4‘ + J’ Jl

s
: C= Cleanliness

a0 (ifs)
&= dusl

reneralion
fparticlesds)

(1-x)Q (m¥s) ¥oor o4
-t

Concentration upstreain FINAL FILTERS
Cup =25/0 + (1 -xW M) Come

Cleanliness class downsiream FINAL FILTERS
R {x‘:’;‘{}' + I[ | -X:H:. | -Tlp]'cnu'r]{ | -T"Ir]-

Special Case A: 100 % ouldoor air and no recirculation of air (xv=0)
Comeentration upstream final filter

(--up = l—'l] p} C{ltll

Cleanliness class in room downstream final filter

G l:l -T-|T|J(-‘-;:.U1|: 1 'r“)

Special Case B: 100 % recireulated air (x=(F) and no sutdoor air
Concenlration upstream final (iler
(-:up = "-""rQ

Cleanliness class in room downstream final filier
€= 5O (1-10)
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DIAGRAM 8.
NONUNIDIRECTIONAL FLOW SYSTEM - Cleanliness calculation

Outdoor air = . |
Cont 0 (m¥s) Final Filter
: G-

- e
(L-x)Q {m'/s) g

Prefilter
n o & = Cleanliness

x0 (m¥s)

S= dust \\ ﬁ

enﬂ atiomn
pw Liclosds)

(1-x)£) (m3/s)
-

Cleanliness class in room
C = 50 + (1-x) 1-np) 1N Cou

DIAGRAM 9,
UNIDIRECTIONAL FLOW BENCHES - Cleanliness calculation

Outdoor air
ok Q {IIIR.I']E:I
= i
(16 (ms) &
Pl;?flllcr & .
i
q room 5= dusy
T 1
x@ (m'/s}) Cy= Cleanliness &;f;{flg‘ziﬁ
in bench
Iy (m¥s) | Bl _{
e o __1»:‘?J""q"l.l
(1-x)(F (m¥/s)
=T}

Cleanliness class in room upsiream the CLEAN BENCH FILTER is approximmately
Croom = S(E+CR) + (1001 -Mp) 1) Caur

Cleanliness class downstreamn the CLEAN BENCH FILTER
Cy = [S(O+0s) + (1-2)(1-Np)( 1N Coud(1-Ng)
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moworld standards

_ G;_é_rﬁﬁi Farr is the leader in clean air tachnalogy
-~ and air fiiter production.
. '.Céfnﬁl Farr has its own product developement,
: R&E}'e_{nd wiorld wide local representatian.
: : @ur overall quality _g;ual i5 todevalop, produce
: _?;iﬁd"market products and servicas of such a nuality
.t_hia‘g we aim to exceed aur cugtomaers expectations.

W see aur aolivities and products a8 an ex-
prassion af our quality,

Terrach a level of total quality it Is necessary t-.'.r-
establish an intarnal work enviranment where all .
Camfil Farr employees can succeed together: This
means an environment characterised by openess,

confidence and good business understanding,

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

%_hq?—ﬁ?fag-aw,ém ean Gustasann Comilil AR 5?__5-‘1:__’0.



