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CLEAN ROOM FILTERS

The Tast few years huve seen o steiking change in the
appriactt w0 HEPA, ULPA and CHEMICAL filfers. The
chenges feve  tafluenced  chaice o material, resting
meathads ard the manufacture of filters, as well as the
refationship borweer the sepplive aad ner,

The requirements of the envivonment in clean rooms hove
inereased significanth. The  electranics industry must
desiprt and construct systems today which will alse meet
the needs of the future. Development s ropid and we
know that criteria for particalates and poases will be of
decisive importance, The HEPA. ULPA and CHEMICAL
Silters of the fulure are already needed noe.

Consequently, the microelectronics industry has as such
led the development and beer the driving force behinel
sst of the innovitions aed ingrroverments, Bt the rexules
firve benefited the rest of industey toe,

CLEAN ROOM

The "Hearl" of the Clean Room is the filter, but there are
a mumher of congiderations regarding room classification,
cholce of flter and how the filters influence the
ENVIFQmEnt,

Whal i class 1 What s a 0. pm filter? Do we nesd
“miracle” filters for higher requirements”?

A filter is used wherever there 1s 8 need and o neeessily
Tor a high level of clean air, The tweelnigue of Bliraion o
any level of elean air has been possible for a long times
and has heen relatively inexpensive and simple.

Figure |. Fxample of a Clean raam,

Today the requirements is very much concentrated o
what happens within e seiniconductor industry, The
number ol lansiskors en the “chip” is increasing at a rate
ul 30-00%: per year al the same tme as the line width and
thickness ave reducing by 20-30% per vear,

The critical particle size s ball of the ling widih and the
critical pactiche concentralion decrease down o class 1 for
the critical  particle sives. Today we can find 256Mb
merrics hased an (hm size or 250om technalogy,
There are existing solotons Tor 180om technology, bt
for 150 and L30am there are very low solutions. For
1h50nm and  smaller there are no known selutions and in
some cases there are alse physically Timits,

Table L Development af memory copacily and e widih
iR fntegrated civewits, STOOT Sernivonductors Rooadmp 7

Linc Critical
Memory | width | size |Concentration '

Year fbil‘_{h"{‘.hip]l (nm) | (pm) th:iCll.’:S.-fu]S
ooy 236 M| 250 |0.125 i
LG 1 L VR 12
2001 ) 1 G st 00TS i
2003 4 G 130 [(06s b
2 & 0 T R T 5
2HY 6t O Eib (14135 l
22 256 (3 a0 10025 I

WNuwmber of particles feargar than critical yéze.
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CONTAMINANTS

Most modern industries for the manufacture of integrated
circuirs (chips) are designed o lilter small particulates at
catremely low levels, They have not been designed to
deal with molecular impurities (gases, vapours).

Il was known al an carly stage thal metallic impurities
such as MNa, De. Cu, Zn, Al . can cavse electrical
breakdown in thin electrical insulating layers and current
leakage in P and N ¢ircuits.

AL e slart of e 19905, the microcleeieonics indusiry
chixcovered thal phosphorous imporities and horon could
canse gimilar phenomena and doping of P cireuits, The
transiston™s capacitance as a function ol the voltage
changes and can produce defective clreuits. External
gases such as Mo, S0.. KCL NaCl, hydrocarbon
inpurilics aod pases inlermal o the plant or from the
process, TFETICL NI 1 oand, ahove all, 3 musr be
controlled at extremely low levels.

The effect of molecular  bopurities 5 wel Tully
documented bul teir nportance s growing and is s
prucial  faclor for o foore mannfotue of  integrated
circuits,

It has been shown that quite a nunber of the bnpuritics
derive from conventonal HEPA and ULPA [iliers al s
vary low level The glass Glier material normally contains
a high level of baron, which can be degassed. Adhesive
cin eontun o high level of phosphorous or other
unpacities in order to create a fre-resistant material, The
Lest serose] may evapucaie rom the [Hers and impuritics
frome the manafacluring process may he detected at a
later stagrz. This places entirely  new  demands  on
particulate filters in the torm of choce of material,
testing, munulactore and documentation, At the same
time, an ever increasing unportance s beiog placed on
(illers Tor separating pases.

The demand Tor cleaner envirnnments haz, together with
the devalopment of particle counters, led o the alder test
methods and classifications being moditied or adjusted to
suit the new conditions, This mixtuee of aold and oew
conditions can be difTicull o understamd,

Figure 2. An Afsolute flier for o clean room,

ABSOLUTE FILTER

Mbselute filters were developed during the second Waorld
War and the delinition of an Absolule Dler is ", a filter
with miniomn DOP efficieney of 9997 96"

The DOT method tesrs the penetration of the filter by
(R L particles, which was considered the most dilffical
particle size for a filter to collect. The "erilical" particle
stze depends on filler media pecformances and veloeity,
Wille lihers amd medin osed today the most diflicult
particle siae 1o colleet iz ahout 001 to 02 pm.
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Figure 3. FPenctration v paricle sie jor an DTPA

Selter, The most penetrating particle sige i@ oo 00 S,

The development of particle measuring  eguipment,
together with ractonal efficiency requirements have led
to new test methods for Absolute (llers. One example of
this is the Laser Particle test method and the fesr with the
sl penclraling particle size (MUPS) in LN 1522,

FILTER MATERIAL

HEPA and ULPA fillers are generally made of glass lihre
material which contains approx. 10% boron which may
be peleased 10 e presence of maoistore ar in contact with
hyidrovgen flooride (), Although the concentrations
from thiz and ather curgassing moleculars are extrenmely
e 0t concerns  the  advanced  productivn  in
semiconductor industry. Fibre manelfacturers have over
the last few vears managed Lo reduce the boron content o
2 hundeedth of the standard value, and a new ype of
lilter mmediom has been developed,

Figurve 4. "Boron free” plasy jiber media from o wnsed
Absolute filier.
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In parallel with this, membrane  flters  have  also
undersone  development. N is now possible o
manufacture ULPA Glters from Tellon (PTEEY muterial.
The advanlare of this malerial s hal i docs ned condain
subsmilances which miay aulgas or evaporare, 11 1s a sirong
and clean material and emis only few particulates during
manifacire of nse.

Figure 4. Exumple of PTFE filier medio,

ABSOLUTE FILTER DESIGNATLONS

Vorday we can ld different designation of Absolute
tilters depending on efficiency, test method and country
of origin,

HEPA filter (Eligh Efficiency Parbonlae A liler) is
more or less an internationnl designaticn of "A toow-
avway ealended mediy dey Lepe Tller inoa riggd Trame
buving o minimum particle enllection efficiency of
9997 5 for (1.3 pm thermally generated DOP particles or
specified alternative aerosol, and a maximuom clean filter
pressure drop of 2.54 om water gage, when tested at rated
air How capacity” (JES-RP-CC{01.3).

I the same standarcd and in Reg, Guide 1252 (Noclear
liliration Systemn} or NSE 4% (hazardovs  biological
particulare) the HILPA filters should besides efficiency
rncel all constructions and testing requirements owtlined
i MIL-F-5 1477 ar MIL-F-51068,

HESPA  (iller  (High  Fificiency  Sub  micrometer
Tarticulate Air Tilter) is a designation vsed in Lngland
far filters with higher Liticsency than %95 9% according
ror socligem Flame (135 3925

ULPA (ilter, In USA ULPA 15 wsed W designale a ilter
baving o minimum collection cificieney of 99.9949 % for
particles in dhe sive range of diameters 0.1 - 2 pun.
(ILS-RP-CO001 .3,

[ BEurope an ULPA filer 15 delined in EN 1822 and
wieans @ (iller with more than 999995 % elficiency on
mesl penetrating particle siac

SCHWERSTOFE-filter, In OGermany, filters with high
efficiency were called "SCHWEBSTOFE" [illers und

tested accerding W DIN 24108 with paralfin oil, The
(illers were classified in 3 classes: (3, B or S, Today the
Furopean designaton of HEPA and ULPA [iliers is used,

MIKROFILTER is used in Nordic conntries to signily
Absoluwe llers,

YEPA flter - Very High Efficiency Particulale Air
Lilter

YLS1 filter - Very Larpe Scale Integreared Civeuit Liliers.,

i1 pm - or 0.05 pm filter - Normally this stands {or a
filter with a high etficiency against such particles,

":‘!"“'-‘E-"""\"'\.'\.'C‘:l'.l'.w_c_-'_-_'_:' G S LR a s s

Tipure 5. JIEPA and ULPA filrers for higher
requirements fuve fo be produeced in clear roons.

ABSOLYUTE FILTER CLASSIFICATION
Performance classes (IES-RP-CCO01.3)

The Institute of Linvironmental Science, (IES), las
classificd HEPA filters in six performance classes (Lype
AcBoC DG E and Tyoand in live construction clagses -
erade | Lo 6.

Type A filter - a lilter with & minimwm efliciency
Y9 Seon O3 pm particles at rated air MNow,

Type B fller - a liliee with & minimom efficiency of
O0.97 % on (1.3 pm parlicles tested ac 1 % and 20 % of
raled ar flow,

Type € fler - a filter with a mintown efficieney of
U89 % on 0.3 um particles and leakiesied (scanned),
Mo phoetometer reading downstream of the filter greater
Lhan 00T % of the upstream enhcentration 1s acceptable.

Type I filter - a filter with o mioimwn efficiency of
O9.899 & on 0.3 pm pacticles and leakiested (seanned),
Mo photometer reading downstream of the filter greater
than .01 % of the upsiream DOP concentlration is
aeceplahle.

Type LI liler - a filter designed, construcled, and tested
i strict accordance with MIL-F-3 1477 or MU -F-3 1S,
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These filters are novmally for use in aie filtering syatems
invelving  toxie-chemical, carcinogenic or hazardons
higlogrical purlicalale.

Type F filter - the nmnimum filter efficiency for this (ype
s 000095 ¢k an 0.0 - 0.2 pm parucles { Particle counter
tesl TES-RP-COO07)

I )
= camfil /
FILTER MAXILAM
TYIFE MXEGS 1148x 548
SERIAL NO 920102
TEST HLOW S mith 90 Pu
| EFFICIENCY O 1 2pm O GO TR

Figure 6. Lixample of a test resule vt an ULPA-filter,

Construction classes (IES-RP-COCMYL3)

Grade | (MIL-T-51068) [ilter

liire resigtant consiruction throughoul. Filter units should
meel the requirements  of MIT-F-SI068. 10s  used
primarily in military cquipment, muclear cleaning syslems
and severe-duty industrial applications.

Grade 2 (11 586) Glier
lireretardant  construction  thrompghowt and meels
additional moisture and low temperature expasire est,

Grade 3 (UT-900 Class 1)

I'he filter whon clean docs et conteibole Tuel when
attacked by flame and emits only neglipible amounts of
smoke,

Grradde 4 (U200 Class 2)
The [ler, when clean, burns mederately when attacked
by flame or emils moderate woouont ol smoke or both,

GGrade 5 (IR Listing)

This tvpe of filter 1z construcred with Ffire recardand
material and has been gualified for wse in clean room
ceiling or wall svsten, Qualification testing is performed
on the complele syswein including [rame, sealant and
fileranits,

Grade 6 (non fire retardant construction}
For poneritical or nonsafety related applicatnons.

Burovent Classes

Fuorovent has elassiflicd hiph elliciency [filler o [ive
grades, LU to BUT4 based on efficicney aceonding 1o
the BEurovent 44 test method (Sodium Flame, D65 pm
particle size).

Thiz Furovenl Classilication las ool been used wvery
much, The test method and classifReaton do not cover e
demands today and has been replaced by the BN 1822,

Table 2. Clavsificution based on Eurovent 44

Filter Initial Initial

clasy Efficicney, Ei % Penciration %
L0 052Ei<h0.0 3zP=0.1
F171 R AR 0, LEP=0.038
IEUL2 90 97 <Fi<99 99 N.032P=0.01
L2113 44 DU=<Hj<bb Gy (.01 =P=10.00]
EU14 99 909 <Hj CLO0] =T

DN 24184, Classes of "SCHWEBSTOFE" -filter

Dieg, 1901,

In Germany filters were tested with paratfin oil (L3
{13 pm parlicles sives) and classified o the classes Q, R
or 5 aocording io following lable, The methd aml
classification is replaced hy CEN EN 1822,

Table 3. Classification to the old German DIN §2484

Class Max. penetration
paraftin oil %
0 15
.4 2
s 0.03

= ] E . "
Frog frame wisthle pinfiles daring il mest feaf

Mote that the DOP-test uses 4.3 pm particles and
BEUROVENT 4/4 uses 0.65 pn particles in delermining
the filter efficicney, The Gorman classilication was hased
on particles mainly between 03 to 0.5 pm. The same
filter gives different efficiency values depending on the
lest gocthod, The DOP penctation is for instance
normally two times higher than the penetration measured
aceording to Sadinm Flame., From middle of 1999 a4l the
different standards in different countries are replaced by
the Loropean LN 1822,

Figure 7. Dist on the filer side of used Absolure filter
el
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EN 1522:199% HEPA and TILPA filters.

T meet the high tech demands thers is 2 need for pew
rest merthods and classilication of Absolute filters, CEM,
the Luropean standovdisation body for stamdards, has
launched EN 1822 for classification and testing of TIEPA
and ULPA (iliers. The methed and classificaton s based
on the efficiency for the most penetrating pacticle size
(AR

Table 4. EN 1822 Classification af HEPA and ULPA
fifters.

The system is based on levers and figures on the same
waly as [or coarse and fine filters. H stays tor HEPA and
U7 for TILPA filters. The filters are then divided into 8
classes from H10 to VLT depending on ciciency of the
most penetrating particle size und the size of the leaks.
The Penetration ol a leak shall normally not be larger
i 5 times the overall Penetration of the filter. (Mot for
U7 -filters, whers the ratio s 20)

HI3 and H14 filters and lilters ool suilahle for scanning
could be tested accordiog io the German 1DIN 24184
smeke el

FEMN 1822 is based on the German DIN 24183
standard. which used the letters EU instead of H
or UL To aveld mixture with the Furovenr

Efficiency Leak test Leak test
EMN 1822 MPTS lncal method
~ Clags { ) (%)
Hi1d 83 - -
HII 05 -
iz U5
1117 qu.us .75 visiblefscanning MPPS
Hi4 uoaus DTS scanning MPPS
15 08,9903 009975 scanning MPPS
16 00 00005 O GRITS scanming MPPS
7 | 99999995 | 99.9999 sganning MPPS

desizoation CEN decided dopse 1L and L.

Figure B. Principle drawing of a "Laser Scanner” for most penetiation particle size text according o KN 1822
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TEST AERDSOLY

Discussions on the cancer risk surroomeding TOS or
IPEHS has resulted in increasing use of Limery 3004 as a
test acrose] hotl for production and & it testing.

Ermery 3004 15 a synthetic hydrocarbon compound which
is used as a synthetc lubricant and which has proved Lo
e a pood replacement For older test aerosols, as well ay
heing chaup, non-corresive and sasy to work with,

D68 or DEHS ar, in certain condexls, salt {NaCly, which
s long heen used for this purpese, is sirictly probibiled
for lesting filters for the electromes industry. Solid Lacs
or xilicon particulates are chosen instead.

Liguid particulates such as DEHS are casy o produce in
the high concentrations neaded for desling ULPA fllers,

Latex v silicon particulates ave sohd particolates which
aree normally dissulved in water or sprayed out i the
filters, The comcentration must be suificientdy low that
cach drop of water comlaing jusl ene parliculate, The
water must evaporate before the pariculale reaches e
filter, This has meant certain limitations to pencrading
prliculuies in sulficiently high concentrations. Lowever,
squipment s now coenmercially available and latex or
silicon particulates will probably  weplace the  liguid
particulates altagether, hoth in productivo and on the
[ield..

Figure 9. Svlid SiQ; particles for testing HEPA and
EILPA filters
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CHEMICAL FILTERS

Contral o gaseous impurities 15 a condition for the
manutaciure of integrated circuits of the fulore, Clheinical
(lers wre wsed we clean inccming exlerior air of
hyilrocarhon compounds, sulphur dioxide, nirrous sases
and ozone. Chemical filters are also needed in circuladion
ar and directly above certain processes in order o
remove mpurities being released a5 gas from the material
in the clean rovm or frean peaple amd  processes.
Ammuonia Itom people, for example, will be a problem in
ane part of the process and a chemical filter is needed 0
capture gases ol this type.

Consequently, a nuwber of different pas Nlters will be
pecessary i order wocaplure specific gases. Ay Lhe
pressure loss indhe syslom as a whole must be kept low, a
new type of chemical flter 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
woere oo [ler exterior aw. IC i oon e other Joand,
important that the degree o separation is high and
maintained over a long period.

Aomodern chemical filter may be composed of porous
foamed polvarethane where the walls or the cavity are
coated with small, spherical, cacbon balls. The poroos
[ram mives Tow prossunc drop and good separation as all
the carbon 15 directly accessihle 1o the gases passing
through, Specitic substances can be separated by using
different impregnations in the chemical filter.

Figure 11. Struciure of chemical jiller material with one
laver of hored spherical carbon bally inside  faamed
profyurethone,

Figure 10, Chemical filter of celltvpe, For high airflows
wend Tow pressure drops,

Figore 12, Chenical filter for loandnar Tows and Tow
pressure diog.
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CHEMICAL CLASSIFICATION

blost imodern industries (oe the manulacture of integrated
cirenits have o he designed w0 deal with wirhorme
molecular contamination { AWM} a8 gazeous and vapours,

It was known at an early stage that metallic impurities
such ax WNa, Fe, Cuoo 2 Al L. can couse electrical
hreskdown in thin clectrieal insolating layers aod cureent
leakage in I and N cireuits,

At the start of the 1990%, the microclectromncs mdustey
discovered that phosphorous impurities and boron eould
cuuse similar phenomena and dopiog of P ocircoits, The
rangizlor’s capacibance ws o luoction of e vollage
changes and can prodoce  defecive cirowis, Bxternal
such as Mo, 50, KO NaCl, hvdeocarhon
impurities and gases internal to the plant or [fom the
process, HE, HCL, NI, P and, above all, boren (B) must

he contrulled at exbremely ow levels.

auses

Chemical concentrations in clean rooms eould be 0001
L0} ngfery, which 15 more than OO0 times higher than the
particle concentration.

Table 5. Classificarion accarding ta SEMT Stenneleered F21-95.

The ¢lfect of AMC (aunborne molecular conLtaminationg)
= nod [ully documenled bul their importance is growing
and is a crocial factor for futurs manufaciure ol integrated
circuits, The concentrations of AMC in air 15 often
expressed in weight (ngfm”) or as volume of gas in the ait

s ppm parts per million (10°%) or
= pph parts per hillion (10 or
e pt parts per trillion f_]{}'”}

AMT s wre becoming more and more imporiant and in
SEMT F2-95 museous contaminations are classified in g
swstem equal o the particle cleanliness system. L'able 5.

Four different critical categories of AMO are defined;
AcidsiA), Bases(B), Condensables(C) and Dopants(D),
The elass is desiznated by the leter "M and the calepary
A, B, O or T} follewed hy an inteper indicating the
maximum total gas-phase concentrafion in parts per
trillion molar (ppihd). Dor example, a cleanliness class
MA-1 000 has o maximum allowable total concentration
ol 1000 ppth of acid gaseous,

Contamination | B Classification

Category 1 ppbdd [ 10 ppibd | 100 ppebd | 1 000 pptM | 10 044} pptM
Acids M1 BA-LG [ DLA- T MLA-1 THH} AA- 1 D0
Bases ME-1 | MEB-10 [ MB-100 | MB 1000 | MB 10 000
Condensables M- MC-10 | MC-100 | MC-1 000 | RC-10 (K4}
hopants AT | b M- | MID- [{H} BALF-1 000 N- L0000

SEMATLCH has made a forscazt for permissible AMUC
concentrations in the D.25pm logie process. The most
sensitive steps are " Pre-Gate oxtdation”, "halicidation’,
Unniaet Formelion” and P Pheae-lithoeraepfos, Table G,

Acids and hases are corTosive suseous whose chemmical
reaction characteristics are those of an electron accepior
and electron donalor, respectively. The contact formation
and Salicidation are most sensitive to acids while the
Photedithography is mwsl seositive Lo bases,

Table 6. Semarec fovecast for U2 5um logic process

Condenzables are substances having a boiling point above
raom lemperature, which means that they can condense
on a surface,

Dopunts are chemical  elements which  modify  the
elecirical properties of a semiconductive marerial, Pregate
oxidation is extremely sensitive 1o dopants.

Max, Sit|  AMC limits in pptM
Step lime(h) | MA MEB MO MD
Pre(iale oxidation 4 R AR | Q00 01
Salicidation 1 Luid] L5 (4HE] 55 000 1 {HH}
Contact Formation 24 S| 13 (HH} 20000 10 (MY
Photolithopraphy 2 10000 1 CHHM L 000 | 10 DLH)
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LAMINAR FLOW

In the tield of clean room technology is lumninar flow, or
the pavallel streaming of air, an important factor foe the
ellechve removal of contaminants, When varialions in
faminar flow 15 nonunidirectinnal. there is a substantial
tisk that contaminated air will be inducted mio the Now
and that the movement of contaminants across the flow
ol abr will increase, Most standards Tor laminar [low
svelems fake Ihis inlo account and impose delniie
requiremnents on velocicy distribution. What good is a
high efhiciency {ilter iF its [ltration capacity 15 ruined by
uneven air distribution? Upeven distribution can be
capsed by oo poor designed ventilation system or by
weeven Clow el aie Teome the Tiller,

Larmei marddy praedile: 1O ren dlenwnsdranm

nE T _._|..__|__
Caindil Midilam S10wd 220
T
i
s
3
T4t
0 ! !
!
[
L ] Al filily f) L 120

[Hatance from side  [oim]

Figove 13, Fhis figere shows the aiv flow velocity 1O}
e downstream of an Absolute filter o difforent points,
The wir distributton vwill be within most specified qorms,

Filter madia -

Laminar sheat .

Figore §d. The pood wiv distribution iy achivved with
the patented veshape of the pleaty and the laminator on
the filter autler.

FEDERAL STANDARD 200 F.

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

Inxicall o laminar flow  and  turbulent  Tow
Pad Sed 208900 delives the expressions anidirectioneal
airtlow and nosanidirectional ailow

Finidirectional airflow. An airflow having senscally
parallal sireamlines, operating in a single direction, and
with umiform velocity over its cross section; previous
referred to as faminar airflow,

Nemenidivectional aivflow. An airflow which does not
meet the definition of unidirectional airtlow: previously
referred to as indbudent of ron-laminar airflow,

IES-RP-CC-012.2: 1999

[nstitute of Epvironmentsl Seiences Recommended
Practice for Unidirectional Flow Clean-Air Devices
The standard recwmmends procedures and reguirements
for clean air deviess and specifies the following
acceprance of laminarity. 34 cm downstream ol the
HEPA or ULPA fiher

O 1.0 Avceparnce
=The customer sheuld specily average measured clean-
air welocity, typically (145 -+ 0003 m/s

BS 5205 1089

Environmental ecleanliness in enclosed spaces

In appendix D3 of Part 2 ol e standard the following
is said aboul laminariy: " some high efficiency filters
may requirs cerfification of velocity unilormity across
the filter face. IF such certilication is required by the
purchaser, then the test method, average velocity
required and mean deviation thereol should be specially
defined by the purchaser amd agreed with the supplicr.”

The ald Varsion of HY 3293 from 1976 specified both
velocily and uniformity as ; Part 1. A2.11.3.2 Filter
bank air flow: "..Similarly  wheo uwsiog a vane
anemometer o measure e air veloeity al the Aler face,
#oserivs of readings should be mken across the face in
the horizental and vertical planes with the anemometer
100 mm downstream of the face"

5, 1.2 The air velocity shall be;
- horizontal Tow G445 £ 0,1 fs;
- voerlical ew 0430 2 0005 mids.
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AFMOR NFX 44-102,

Enecinles 51 Empoussicrement Conlrolé

3.3 Salle propre i feowlermend laminaire

The norm specily an average velocily (b4 mis lor a clean
raom with vertical flowe and 0% mf& for horizontal, The
readings shall be less than +20 % of the average value.

3.5 Pose dépouwssiénd & cooulesent

The averape velocity s pencrally between 0.3 amd (06
mds and The imdivicdual values shall he within © 20 % of
the average,

5.3.2.3 Cos de la salle & deonlement laminire aire
Welovity shall e less than £ 10 % of averwre (o5 par
3.5 messurcd 20 om o downslream of the liler or
pratective grille,

NORDIC R? ASSOCIATION

Morm for open LAF units

The measurement shall be taken
dewnstrean of the HEPA {ilter.

OO0 o 130 mm

1333 Requiremeniy rE-."\}

Unless other wise agreed, all measurament values shall
b wiithin the 0045 =200 % mfs range, No clear systematic
vartalions oo velocily, such as an avea with lugh or
lewae sy weloeily, way be pernitted.

Figure 15, Loaminar flow Berch, where laminarity cowld
be ol preat concern

Figure 16, Sweoke traces desmonstrating of laminar flow

Sron different filters, The npper fthier with the lominar

sheel  has parellel sireemm,  whily the filter with
separators has mare trbidence, The battom filter
sepprasends o Ivpical minipleat filter with very heawy
trrblence

SUMBMARY OF NORMS/STANDARDS

sSeveral standards stipulate an average air velocity of
A5 =1 mfs In most cases the individual readings
shall be less than & 20 % of the average velocity.

The pesition al which cach velocity is measured varies,
howowver the norm s from D0 mm up o 200 mm
deraenstream of the filter face

The oumber of measursment points vacies lom the
entire face to individual points spaced 300 mn apurt.

FOTURE

The demands of laminaricy increase with the higher
efficiency demands and more and more endusers specity
less and less deviation of velocity,
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ROOM CLASSIFICATION

The most well-known classification system comes Trom

Federal Standacd 209 which was published Tor the (irst

fime i 1983 in the TT5A. Smee the Grsn issue there have
been five revisions and from September 1992 Led Sid
2048E 15 in use,

The 209 slandard i e wost recognised clean reom
standard for elagsitying different cleanliness elasses. The
versions were alwavs based on the number of particles
equal or larger than 0L pmon one cubie [ool ar while the
laktest 200E s based on 51 (metric wnits).

I spite of the world=-wide use of the 208 slandard many
counries, companias and societies have made their own
versions. All have vsed the merric system, but refer 1o
different systems for classification of cleanliness. Britain
wses leters of Alphabet, France has numbers, Germany
wses the logaritho of 1O pon particles per i while Japan
uses dhe sume system bused oo 00 pm counls, Inomost
cases there are erassover piinls 1o 209,

[50) i5 working on <lean room standards and  the
[50/DIS 146dd- | Clearrooms and associoted controlled
ernviremmenty  Pord {0 Clossification wf wirborne
periicilates has heen submitted o 150 Tor approval as
final drafe standard {(FTIS),

ISCHDIS 14644 part 2 (Testing...) and part 4 (Desiza.) of

hevve reached draft international stage, while other parts
are under work.

Diae to 150 work in this held most of the natonal
standards will disappear in the future.

150 ldndd-1, CLEANROOMS...
Classification of aithorne particulates
The THO standard from 1999 describes that the claanliness
shall be designated by a classification number, & 'The
maximum permiled concentration of particles, O for each
considered particle size, £2 s determined oo the Foroula
c=10™ ™™ Particlesim®
whore
(7 is 1he maximum concentratinn in {par[ic]es;"nl'{]
A Bsthe TS0 class (maximum Y)
£ s the particle size in pm
0.1 15 a constant (the reference size} In

The T80 classilication nwnber shall nol execeed 9 b
inlermediale TSCH clussifieations may he specified with (1
as the smallest permined increment of M.

The Lable 7 presents  selected  airborpe  particulate
cleanliness  classes and the coresponding  particle
concenteations oo pwticles cgual 1o and larger than e
considered particles shown.

[he method for determination o classification and the
statistical approach are described. The mininm number
of sampling points are the squace rool of the cleamoeom
area inem® (rounded upr Lo w o whiole nuinber). The swnopled
vislume shoald he solliciend Al each lncation that a
minimom of 20 particles would be detected if the
concentration ol the relevant class were at the class it
For the largest considered particle size.

The cleanroam has mel the aceeptance eriteria if the
average parficle concentration meels the required class
limils at an Y5% upper confidence limit, The standacd
mives examples of detailed calculations al  Jdilferent
comnditions.

Table 7. Airborne particulare cleantiness closses for clean rooms accarding o INCH L4604 12 190U
The classes shall be defined in one or more of the eccupancy states. as built, at rest or operational,

Max. concentration (particles/mn”) for particles eyual to and larger
than the considered stecs shown Delow
Class 0.1 pm 2 pm 0.3 pm 0.5 pm 1 pm 5 pm

150 Class | [ z
50 Class 2 [{H 24 10 4
15O Class 3 | ) LOOD ) i S s d P bnnennn Sl sl
TISCHCluss 4 R 237 [ 1120 352 53
IS0 Class 5 1000 THby 2% T | [y 20000 3520 R3z i
IsdClass & | 1o0o0n0) IO 0200d)  3s200)  BAME ) ....28
180 Class 7 352 000 a3 20} 2930
T8O Class B FIFHON0|  R32 (K} 2% 3N}
1S Clazs 9 A5 AW 0O0O0] & 320 (0 EEERTIT
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US I'En 1o 20818

The standard iz based on 51 {melrie units)y and describes
the airborne particulate cleanliness classes
b1, MILE, LT according o the following Lable.

8L Max. particles/m?

Class (b1 pm 0.2 o 0.3 po 005 pun 3 pin

M T 350 T ang 1.0 -

WS L2400 265 LD 353

M2 3ADD 75T 0w 1{H}

M25 12400 2630 oo 353 -

M3 35000 7570 3090 1000 -

M3IS - 2650 DA 3 530 -

M4 - TR B0 R00 10 D00 =

MAS - - 35 300 247

M3 AREVY] 018
M35 - - - 333000 2470
Moo - = - | OO0 OO0 & 180
MAS - - - FAIO00 XA 00
M7 - - - DO 00 &1 800

The conditivng of text of the clean roomre shall be recerded
ax o Buill”, Mar rest”, “operational” o otherwise o
spreciied.

The concentratons limits are hased on the table but the
following equation could, approximately, be used Tor
uilermediale classes

Particlesfm® = 1OMi0 50d327
where

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

d = is the particle size in pin

The classification 15 baged on the 0.5 pm particle size, but
tha veriticanion of cleanliness classes could be made by
other sizes. The class should always be followed Dy
verification size. Fou example:

o closy W3 (et 003 ) or

e clevs W3 far (03 e aond O3 pien)

Ul descriptor

Mew in Fed Std 209E is that a U descriplor could be used
to express the concenlration ol wlra One paricles
(02w and fargery. The U deseriplor may he sed alone
or as o supplement oo the specification of cleanliness
claszes. For exampla:

& Clasy L20Y deseribes cleanliness class with not imore
than 20 ultra fine particles/m?,

e Cluse M 15 o 003 pem), U200 describes air with
nel more than 106 particlesfm® of 0.3 pm and larger
and not mare than 2000 ulrea fine particles/m?.

Mumber of sample locations veguived

For wnidivectional airflow the nmember of sample locations
required for verification of class shall be the lesser ol the
two following alternatives a and b, where arca i the
entrance plane and b the melric class.

14

i) Avea (ny /2,32
hy Aria (2 pfd £ MRS

bor pospnidiveciona! anrflow the minimuwin nuiober of
sample locations should be as alternative Iy above, hu the
area is the floor area.

In any case no fewsr than two locations should be
sampled and at least live samples shall be laken i cach
zone { more than one sample could e twken al the same
location),

sample volume and time
The minimum sample volume and sample time will be
calenlated in order 1o have 20 counts at the class lmil,

voluine = 200 lass limil concentration
Lt = volumedfsample flow

Faor exampla:
Class M 2 {ar 0.3 pm) has 309 particles/m? as class limil

valune = 200309 = 00647 ° = 64.7 litre

For s parlicle coonter with a sample  flow  of
ZR.G litre/minute (1 cubte Lootminute)  the  mindmwm
sample ome will then be 6277283 = 2.3 minutes

It is fmoportant e have high sample Dow o reduce nme
when verilving hish cleanliness,

Acceptance criteria

The wr shall have met the acceplance crileria for o
cleanliness class when the averapes of the concenteations
fdsured al cach localions fall at or below the class limit
or the 1T deseriptor,

It the toral number of locations is less Than ien, the mean
of the averages wust all ae or helow the class limit with
93 % UCL (Upper Confidence liminy described in the
stamelard

(Hhers
I'he 2I0E standard also includes the Tollowing sppenidixes

s Counting and sizing airhorne particles using oplical
Microscopy

¢ Operation of Discrele-Particle Counter

#  lsokinetic and unisokinetic samnpliog

e Mothod For measiring the concentration of ultrafine
particles

e BRutionale [or the slatistical rules used in Fed Sl 2098

e sequential sampling

= sources Of supplemental information
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OLD US FED STD-209D, 1933

The classification systein was based on the number of
particles 0.5 g per cubic fol ol air and the ioflowing
table gives the class limus in particles per cubic oot ol
sive, cqual 1o or greater than particle sizes shown,

Max. number of particles/ch

Class Oibpm | 02pm | (W 3pm | (Lspm | 5pm
| 35 7.5 3 1 NA

[} 3an 5 30 [ MA

(£} N A R 300 [ NA

L i MA NA MNA 1 44 7
[ QE MA N MA L0000 T
LMY Q00 NA A NA [ 100000 T

MNA = not applicable

Franer AFNGOR NFX 44-101, 1981

In France the ASTEC Communication 7202 classifics
thres room  clagses D00, 400 000 and 4 Q00 TN as
follows:

Wax. numhber of particles/m i
Clasy 0. 5pm S
ERY A L0 25
00 OO0 4K 00 2500
& (M OH) 4 (HH} 000 25000

The room shall be gt rest when defermining the room
clitss,

The Fronch wersion hases the elasses on the number of
particles .5 pum per m® of air. The standard has almost
followed the distribution curves o Fed Std 208 buot
changed the number of particles to more uniform metric
(ueurcs. Class 100 which s 3.5 particles/l or 3300
parlicles/m? is supposcd 1o he class 4000 according o
AL,

GERMANY VD 2083, 1990

In Germany the VT 2083 follows the French change to
miore uniloem fgures and o the oumber of particles per
met of wir. Bul the syslem is hused on | pm particles and
the [t exponent of the comeceniration. The classes
200,04 L are close to the distribution curves in Uad St
200 and the French system.

Particlasim
Clasy 1 pm {h5um
{ 1 dx LY
| 10! 4x 101
2 102 41102
3 [{F* Ay [0
4 I dg (0
3 1{° dx 16
t 148 Ax 108

The clase of the roomy dhedl be measored during working
conditions.

GUGMP PHJEREC 1959

The for pharmacy  make  iolernational
standards. {Guides w Good Munulacturing Praciice). The
Pharmucewtical Tnspeetion and BEC define in GGME four
different classes A, B, C and 13 ‘Uhey are approximately
squivalent to Class 100 (A and By Class [O000 () and
Class 10O DO (1,

organisations

Jaran JACA Nor 24 - 1959

The Tapanese classification is similar to the German VDI
systemn, but instead of wsmg the number of particles
1.0 purm at nses the 0.1 pm particle size. The [0-exponent
of the count of particles (01 pm per m? gives the class of
the roon.

Particlesim!
0. oo
1
10!
12
1
T
10°
108
107
10%

Class

08 =1 g Ui e B — s

Enaraxn BS 5295 - 1959

To avoid confusion with the old system the new B5 5295
has a letter syswem, O, D B L instead of the old number
system and the number of classes is alse changed o 4
L 100,

[he classification 18 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 nuinber of particles/o’
clags | D.5pm [ 5)um S 1pm | 25um
C 1{H} as 0 MNE NS
[ 1 (WK} 350 il ME NS
F 10 (WY 3 5000 4] MNE& M5
g NS 5 300 0 NE Ms
G 1300 (UMD 35 000 200 { N3
H e 35 000 200 0 M3
I NS| 350000 2006 450 0
K NE| 3 30000 2000 4 50} S0
1. NS NE| 2000000 45 (dHf 5000
) NS NS M| RS0 DO 50000

NS = not specilied

Plesignation of the Dnstallation shall include the closs
follvwed Iy one of the three states of operation as: "as
il "manned” ar “ynmanned"




< camifil

SUMMARY = CLASSIFICA TION
The class limits of particle concentrations are defined for
class purposes only and do not necessanily represent the
aclual siluation,

150 14644 will replace all national standards in a couple

ol vears,

A approximate comparison of major clean room classcs,

comparing e 0.5 o pacticle size, is given in Table 8,

Table 8. An approximate comparison of mafor clean room classes comparing 0.5 g pariicle rize.
Merte thet the different classifications use different concentrations, particle sizey and
different slopes of the curve ax base fie respective clasiification,

EEC

Partiches 5 class |US s France CGermany | Britain Japan
pHer m’ [EREEN R 2001 GGMEP |AFNOR | VDI2083 |BS 5295 |JACA
=05 m | Qe | Qo | A 1989 (951 |90 1G5 REETE
|
3.5 2 0 2
Lo M|
353 3 M5 I ] 3
L0 M 2
3535 4 M25 |ID x 4
L 000) M 3
3530 5 M 3S [100 A1V 4000 3 Eorl |5
[EERAL M 4 B _
35300 & | M45 |1 (HH 4 GorH |6
100 D04 5
353 (HHH ) MoAas (1nnnn (G A000) Thh 3 B i T
1 {HH) (00 M 6
3530 000 ] M oGS | 10000 |1 A GO0 & [ b
1O LH Q0] 1l
(L}
(i
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TESTING OF INSTALLATIONS

Absolute filters should be manufactured 1o 4 very high
qualily with every {iller being tested and checked before
delivery, Howewver ioosume cases the [ilers may be
damagred during transport or when being installed.

It 15 therclore impartant to check, the filter Tisell, the
sealing between  filters and  frames, and the  whols
installation. The (vame system 1s probably the most
eritical part in s new installution,

Such an "in siu” test does not require the high penetrating
test perosol as used in the manofactorers’ quality tesr A
hede o leak will pass particles of rather large dimensions,

Installed Mhers are therelore wested regacding e woeal o
averall efficiency of the fAller system ovfand 1F There are
amy unacceptable leaks.

bluny stundards have heen developed and some of the
ot usual ane:

Tesl-

srandard acrogcl  Tosd F;'._;uipmum
[N RPCO-OO2-860 00D I. Photomeler
[ES-RP CCODG2 Ly L4035 Phormometer
IES-RP-CCH0,2 L3P L Photmeter
TES-RP-COHG.2 HNatwral L Counter

BS 8295 Thart | ¢ ooy L Photometer
15 527 DORNACL THOFE Plustcanelor
Hurovent 478 Ly =00 Pholomeler
ANSI NS0 [P L Photomerer
NE1-3-41 DOP 9] Counler
ASTH FAO1-F1) CINC L Muglei " "
WEF 49 DOP L Photometer

L = Leak test OF = Overall Efficiency test

Tntroduction of the aeresol way contaminate the (e, the
clean room or equipment. The use and tepe ol lestacoosol
hias W0 he asreed o,

Mast standsods  use DOP (dioctylphialate)  particles
meneraled upstrean ol the [ilter svstem. The aerosol is
pheumatically  generated  with an approsimale  mean
digmeter ol 063 jumn,

The polydispersed DOP acrosol used for in place laak
Lesting musl pet be confused with 4.3 pm monoedispersed
DO acrosol wsed Ror individual testing of Absolute
filters curing manufacioring,

The aerosel produced by o Laskin meezle has the
[ullowing light scatlering mean droplel sive distribulion

99 4 Tews tham 3.0 pm
Al % Jess than 1) pm
10 %% less tham {4 pm

The BE 3295 don't spocily type of wst acresol, bul the
cistribution stedl be

75 % less thao [ pum
S0 5 less than 0.7 pm and

20 % less than L5 pun,

swhich s close 1o the THOT disgtribarion,

The overall etficiency 15 oormally  determined by
measuring  the DOP concentration  upstream and

dowrnstream of U llter by g phowsmeer,

The only standard that descrithes DO and  particle
counters is ML L2541 when testing two Ahsolute filters
o oseries. The novmal photometer can be used  for
penetrating factors of 10% o 10 and this is not enough
For filiwers in series.

LEAKS

The leak test is made by scanning the whale filter and
filter systemn downstream of the filter, An mmacceptable
leak varies with standard and filter quality.

According 1o Brilish Standwd BS 52700 the maximum
permitled conceniration Tor Cleanliness elusses C, [ B
and I iz (LODEH of upstream concentration. For other
clusses where high efficiency [illers ace used is the
riaximum permitied concentration (0.0 %,

TES-RE-COO0G.2. {esling Clean rooms) speeilies o leak
when phormeter reading in any place is grealer than
(.07 4% of the upsteeam reading,

Installation leal tests can also be done -with particle
counters as described o IES-RP-CCO0G.2 1f the buyer
ared seller weree on specilio leswondidons, clullensy
aerazod, disrribidion and concentraion amd the definilion
of a leak. The standard explains thase problems and the
statistical approach ol tesumg.
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DO TEST AEROSOL

DOP, dioctylphthalate, also known as DEHP (di-2-
ethylhexyl phthalate) is the nost well known leat acrosal
and has been wsed inowmany years Tor testing filers m
production amd i sile”.

DEHS-TEST AEROS UL
DEELS or OGS or DES has ceplaced DOP in many cases,
‘The particles ave generated in the samoe way.

DIEFLS is the same as

Dlids, D42 ethylhexy ]} Sebacawe or
Bis(2-ethylhexyl} Sebacate, CopHspOly ar
DOS (Dioewyl Schacaie),

FMERY 3004 TEST AEROSOL
The possibility that DIOP may be carcinogenic under
certain conditions has inbroduced olher lest acrosnls as

IXEHS and Emery 3004

FEmery 3004 which iz a synthetic hydrocarbon used as

synthetic:  lubricant.  has  replaced DOP in soinc

apphications. The Emery 3004

s performs as owell as BOP without modification of
exigling test equipment.

& jnexpensive

& noncorrosive and clean to work with

= non-mulyeen and safe to work with

Oither acrosaols 1o be used are

= Mineral ol

» e acid

= P51, polystyrene latex spheres,

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

venerated by blawing campressed air thronek the nozzle

inder the THEES Higuid,
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PARTICLE COUNTERS

The elassical particle counters lor Clean Rooms (Roven
and Climet) measured and counted particles down 1o
0.5 pm. The sample flow was one cubic fool per
minute {1 CFM =284 lhninue ).

The conventinnal standards for classification and testing
of Clean Booms were based on such equipment, The high
sample Now (1 CFM) made them suitalile Tor particle leak
scanning of (lters and (ller mstallations.

Mormally  there 15 a relationship  berween  mininm
measurable particle size and sample flow, By reducing the
sample Now it was possible 10 measure down Lo the
particle  size 0.3 pm owith sinalar  Instroments. The
developments and tnprevements of the optical part of the
imstrumwenls deid o particle counters reading down Lo
(0.3 pm with 2 sample flow of | clin, By measuring down
o (L3 pme instead of 0.5 pm more particles could e
foundd in the air. With higher demands of cleanliness the
existing standards could be used by referring o sive
0.3 pun dnstead of the conventionad 0.3 pmosive,

Taser light and modern electeonics  made L possible to
count particles down to aboot &0 nm but at the expense
of sample o, A tvpical sample flow of a laser counler
could be 5 e’ /s or .01 el This is only L0 of the
Mowe for conventional particle counters as used in Clean
Rooms. This low sample flow has a pacticular importance
for the accuracy when classitying Clean Rooms, The low
sample [Tow makes it difficult to scan flters o the
installations,

Fipure 18. ONC media eyt

Today however the highest sensitivity and Mow rale
capacity laser counters can measure down o 00 pm at an
atrtlow ol 1 efm, This is achicved by using several “pulse
phatodetector high  analysis”  for particle sive
determinalion. Each deteetion covers a part of the laser
zau,

Ciher types of particle counter arc the CNC couneers
{Condensation  Mucleus  Counlers).  They  count  all
particles in the wir indepewdent of size, even particles
much smaller than O pm, In the CNC alechol s
condensed on particles that then grow 1o about 12 pwm in
gize and become easy 1o count.

Together with a  Dilfusion Ballery {DDB) or  an
Electrostatic Classtlicr (FC) the ONC can be used For
counling the number and sive of particles down to
001 une. With the BC placed before the CNC, the
parlicles can successively be separated ot difTerend
particle sizes. The CNC then counls the numbers of
particles in each size. It's a lime consuming dest comparad

with systems based on oplical puricle counters,
[
Tyl Peneination

LRI | & -

=

i A

Figure 1%, The results of an absolute filier medice ar g
rarge af somgle flows, The penetration varies with
particle size uned media veloofiy,
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A well ax the minimum measurable particle sive or type
of equipment theee are a few things that should be noted

in all partcle tests, such as the type of acrosul, number of

particles and the ooise level of the instrument (The level
where the Juternal clecirical impolses cannnt be separated
fronn particles impolses).

TYFREOF AERDSOL

All particle counters are calibrated against some knuwn
particle,  Usoally these are latex particles that cun he
obtained in very exncl sives. One purticle that gives the
same tellaction us | pm lalex particle will then be
regislercd as | pm particle, The difference in refractive
inclex and the irregularity ol particles will of course
influence ol the size designation,

NUMBER OF FARTICLES
T oblain reliahle values requires that the number of
particles connted are nol o small.

Counting of particles ponmally  Tullows the Poisson
distribution law, I N particles are measured the seandaed
deviation is ﬁ and the arror for a probability level of
U5 % is two times that standard devialion.

IT 1} particles are registered by 4 particle counter the

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

Faw A beie Lyn

EC-CNC Media test,

mensured particlas will
reading of L8 particles or

give u statistically misleading
+30) %

The number of measured particles must be greal enough
W givie an acceptable error, which should be pernled o
by room classilication, On the  whor hand  the
concenration cannot be too higle There must be o
statstical small probabilily that two or more particles can
be b the light beain al the same time,

MW{SE LEVEL

iTndernal electric impulses in the Instrument)

The lowest particle size deponds on sample flow and
geometric design of the lighl beam and chamber. Lower
low - staller siee.

Tt i impormant 1o know that the counlers are working very
close to the noise level of the inslrument and that internal
electrical bmpulses can he registersd as particles in the
lowaest kevel. The resulr close o the limit could be
influcnced by particles below the minimum measurable
sive.

Lsually the measwemenls are made within pre-set sizes
and intervals, With a mulli chanmel analyser the interval
can be very narrow, hot this will complicate the precision,
a5 the number of particles can be too small W xive a
starierically satistactory result,

Ahsclate Fller

Lt ur
fiAaninds
fitee

Shean '
i

O e

= L —
Ez.UFE.-?FE.E PSR |

Hetralizer

Forisal g

Bhzclute Tilyr

Cirar ar

Vigure 20, The principle of the ONC test method for measuring the Most Penetrating Particle Size Jor filter media,
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SYSTEM COMPONENTS

Filters arc u necessity for highly clean conditions. But a
filter ix just one component in a system. The final resull
depends in most cases more on the cleanliness of the raw
material and its hamdling, the protection of the product
and the air distribution. The most important thing m
control is the dust grenerated from those who work in the
o aned Irome the installed machinery,

The filter is nonmally the easiest part in this equation.
L'nlortunately muny think that good filters are the solulion
la the problem. This is nor necessary true, but i you have
selecied the hest passible Glter quality vou ean at least
exclude one passible crror when problems are showing
upe.

The cleanliness after a filler does nat say anvthing abow
the cleanliness in the room or in the process, Canversely,
acerlain claim of cleanliness class at the process doas pot
sy anylhing about which filter quality should be used. A
cerlain mingmum quality s needel, depending on other
sompoenents in the planl,

The first siep is to have clean air to slarl with. Before we
see which cleanlhiness class could he achisved with
different filter qualities in different applications we
shomld  analyse some of Lthe lacis thar mfluence the
anvironment. e of these are shown in the diagrams
and in "BASIC DATA FOR CLEAN ROOMS" laer in
this publicalion,

LT

Filers ave In dilferend stages in the svstem and the main
consideration s (o kovw the efliciency for dilferent
particle sizes. The efficiency lor 6.1 wm particles varies
tor example from approximately 15 % Jor H-FLO 65 10
99.809995 4 for SUPER GOLD SEAL hlier, Liliciency
for other flers and partcle sives can be seen o the
BASIC DDATA and diagrums.

CHTDOOR ATR

Livery air conditinning system 15 based oo ouldoor air and
ane has te know its contamination level, which of course
varivs a great deal with the place and the Hime,

In the "BASIC DATA lubles” thers is an example of

clean air whu-., the number of particles Jarger than 0.1 pm
15 5x 109 per it ol wir, Thot in dirty outdodl air the nimhber
of purticles Targer than (010 pm can be as much ag 1019
parlicles per m?,

INTERNAL DUST GENERATION

The most diflicult problem when designing a clean room
i o caleulate e internal dust gencration and i
influence on the process. The human being is norimally
the most dominating factor, but also the process iself can
i many cuses renerate particles,

Tests made with a laser particle counter show that g
hurnan being with working clothes engayed in extreme
movement, could generate up to 100 particles larger than
L1 m per m.nml The generation of particles larger than
0.3 wm s 4510° and larger than 1.5 pm about 2x109
particles per second,

The number of parlicles  generated  wvaries preatly
depending on activity and tvpe ol clothing. It is possible
to reduce the above maximum number of pariicles by 10
to 100 Limes with suitable clothes and routines, The
nwinher of particles generated by machines has to be
given by the manufactures in cuch case.

CHOICE OF FILTER - CALCULATIONS
Which cleanliness clusses respective could he ohiained
depends on the dilTerent components.

The fullowing examples show, Wwgethor with diagrams fou
Larnimar and non lumina syslems, how cleanliness classes
win be caleulated wnder different conditions,

The formulus used are approximate. More details could
b Tound in Camiil “Ventilalion Swstem Diesign”-baok,
The calculations could e made with help of the camputer
program "CleanRoom Culeulaion™.

UNIDIRECTIONAT. FLOW ROOM WITHN 1) % OUTDOOR
Al

Which cleanliness class regarding (11 pm particles could
be uchicved in a room with HI-FLO 85 as prefilter and a
GOLDSEAL clean room filler ax final filter?

Suppose that the installation 15 10 a very dirly urea and
that 100 % guldoor air has 1o be used,

Frome the diagrame or basic data whles we can see thal a
dirly wir conld have a concentralion of 1019 particlesfin®
larger than 0.1 poo, HI-FLOY &S have 50 % efficiency of
these  particles, while the GOLDSEAL filler 1akes
U998 9 ol the (1 pm parncles,
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Tl HI-FLO 83 will reduce the concentration by 560 % to

Sx10% particles/m®.  The GOLDSEAL [iller  takes
Gougd & of the remainiog  paricles  and  the
concentration  downstreamn dhe  filter will  be

0.000002(5x 10%= 101 or 10000 particlestm?.

The: class aceording o Ped Std 200E could approximalely
he calculated by the equation

Particles/m™ = 108050022
O LIL UL Case

[0 (00= 10M 0,500,172
which pives

M=2.46 (at 0.1 pum)

We can sce 1o 209E table that we are close to cleanliness
class M 2.3, where the mumber of particles shall not he
it than 12 000 PEiT‘r.lC-]E‘.Su"lﬂ'lj.

HHODO partcles/mr larger than 0.1 wm corresponds 10 TS0
Class <

UNIDIRECTIONATL
RECTROTILATED ATR
Which 0.1 pm cleanliness class could be achieved in u
room with 100 % recirculated air winl one person per
10m? as the only dust generalor?

FLOW ROOKM  wrrh 100 %

The "laminae” velocity of 0045 mfs gives for 10 m? an air
flow of 4.5 mYs per person. If we assume maximum
mimber of particles from one person then the dost
generation will be 100 particlesfsee and the concentration
upstream el the fller could be calenlated according o the
formuly (see diagram Iater)

Clyp = S/
or
Cp = 105/4.5=2 2% |07 particles/m?

Duewmstrearmn of  a MICRIVIAIN  flter  with 08 %
elficiency there will be (L02{2.2x 10M=4400 particles/m’
equal to ar larger than 0.1 pm. This filter will give higher
concentranon than class M2 {fat (L] pm), which is
maximum 3 500 particles/m?,

UNIDIRECTIONAT. FLOW ROOGM WITH RECIRCULATED
Alk
Suppose BO S recirculated air (X=0.8Y and dirty cutdour

air (Cae =10 particlesim® 0.0 um) and e dust
generation lrom one person is as much as 1 puriiclests,

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

With  HI-FLO 83 asx  a  pre-filier {II'IP:U':-’:' the
concentralion upsiream of the final filter will be (see
formula in the diagram in the end)

C[gll;:j( -(-‘:”‘U"'I' |-Xj'|' I_”P";hf"l{.lur
L
C = U8R 109,51 (1-0.83 1-0.5) 1010
= L7810 4 10

=ca 107 (particlesfim® =01 i

The influcnce of the internal dust generation is vnly
1.78210% compured with 107 particlesfm? from ouldonr
uir. The internal dust gencration will nol alleel the level
upstream of the linal filter very much. The concentration
downstream a Goldseal Ooul filler with 999048 % of
001 pim pacticles filler is 2 109 10 = 2000 particles/nd®
and the cleanliness clazs could be estimated

M = log2000  221og05/0.10=1.76
The cleanliness class is better than the M 2 {at 0.1 ym),

I we ok the sane calenlaion for IS0 classification we
gel the Tollewing couation based on 0.1 um pacticles

2000=10" Lo, 10, 1,7
N=33
Tl rowsn will mect the TSO Class 5.3,

NONUNIDIRECTHINAL AIRFLOW SYSTEM
Suppose:
Lrty outdoor air = 1O particlesim? = (0.1 i,
| persend 102 generating 109 particles/s =0, pm.
An air change of 30 times/h and a room height of 3m
pives 0.25 mfs per person.
Bl S0 (X=00 8} recirculated air
HI-FL{J 83 as prefilter {r;l,J:u.ﬁ}.
Absalute filter as final Gller 7= 0.99905

The cleanliness class or concentration i room could
approximately be caleulated with the following formula
(see diagram)

€= SIQ 1=K 1A, 1-h, OC,
o
C=109025+(1-0.8301-0.531-0.99998). 1018
C=4x 100 25 107
C=4 020 000 {particles/m? =01 jm

The class will approximately be
M =load G20 000 - 2,210,500, 1 1=5.06

This is too high concentralion o be covered in the
standard classes secording o 2091,

A better [ler has no influence on the cleanliness level, in
this example, The only way to decrease concentration 1
ty redice the internal dust gencration with better clothes,
covers, higher aicflows or [ind a hetrer rechrcal solution,
unridirectional aiclliw [or instance,
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The same caleulation made for (05 pm particles sives

Hi-Flo 85 'ffﬁ:l-:'.?

Absolute 17, =0.909091
§=2x10% particles/s>0.5 pm

¢ =3x WY particles/m® = (1.3 pm

“anr

£ =2 LUTAR 2S00 100791 1-0.999099 -4 107
C=8x 1072 =8 002 (particlesfm™)

The class conlad he cstimated
W =log{ R0 0L -2 2nei0.5415)
M=34 {at (L5 pum)
We will meet class B O dat 0.5 pm)according to 2I8E,
The TS0 Class conld be caleulaied in dhe similar way
A= logrBoa D02 2o 1/0.5)
whiich sives
L L
And the enviromment will meet IS0 Class 7.4
Agrain o heiter Ghee has oo influence on the cleanliness
level in thiz case. The only way 0% Lo redoce the dust
seneralion of increase air change rate,
The same calculation for (.5 pm parucke and a Micretain

filter with the efficiency 1, =099  wives the Tollowing
R
calculation

€ =25 10°40.23+(1-0.8)( 1-0,7)(1-0.99)- 3 1 07
= RO OO0+ 8 Q00=8 18 000 { particlesfin®)

The class will be B 591 (at 03 pm) A very small
change,

GOOD LUCK
with turther calculations]

Diagrams/Tables - enclosed

FEileieney for (lcrs

Chptddoor air

Human dust generation

150 14644 | Adr Cleanliness classes

Fed Std 200E Adr Cleanliness classes

Basic Data- Clean room  tables

Laminar Adr Flow System, Unidirectional
Absolute [l installations, Nonunidirectional
Clean benches mstallations

R Y
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DIAGRAM 1.
Penetration vs. particle size for Camdil filters

n
E

Penetration (%)

1Rl ———— - )
MICRETAIN —
TEAH) 5 i ae
== f-’f ———§ —]
1F-1 —— 5 t
1E-2 _ _ il
— ARSOTUTE —
1E-3 _
——— = — =
] \}..
GOLDSEAL ;(D)j‘u-ﬁlth:‘% ..,
|
1E-4 | e |||
- .ﬂf \h T :
1E-5 —— SUPER GOLDSFAL ?K-H .
' ! = \{__ .I.
- Fi [ :
.LZ_ T g
(E-6 11 ]
(L1 .10

Particle size (pm)

24
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DIAGRANM 2.
OUTDOOR AIR
(Particles/dni’)
1EH07 O==p- E———f——
—a — OUITDOOR AIR
\\ ) Number of particles
T larger than size
1TEAO6 - =+ —
{.
|
DIRTY -
1EA+05
\\_ —
1E+04 \0\_\_
[y
| CLLEAN
1E+03
1E+(2 T
0.10 0.5 1.00

Particle size {(pm)
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DIAGRAM 3.
HUMAN DUST GENERATION

Number of parlicles generated
per person larger than size

Particles/sccond
1E+07 —— . :
TEA06 :
' e I Maximmmm - hard working
_ \ 1|
- _\; \\\
\\k\\— Walking - normal clothes
S -] :
\_‘\‘!i’if'a]king -cleanrvom clothes |
TFA+0d --..__.__1 T )
]
; i ! « b —t——14
“"'--..___H | M Carefolly walking -
good cleanroom clothes
1EH)3 - —E )
= =
-q — |
1E+(2 ‘ ‘
0.1 0.5 1

Particle size (pm)

6
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DIAGRAM 4.
CLASSIFICATION ACCORDING TO ISO 14644-1

Particles/nt’ equal or larger than particle size

1FH08 : N
—= : o IS0 1d6dd-1 |
L0 Classification || | |
L7 | — \'1_ |
L
Ny

1E+HM -
" B \ =
'Y ™NC | Cluss 9|
s
. t | (Zlaule-a Sl

I @

: C]ass?|

: < e [ Class 6
11402 -._=‘>i& - —:—\. —— — =t
= \ T "|C']ass 4 - ™, o

L N - ~ l Class 5

=
I \\4 ik
1EHN] f—— : T | Tw| Ulass 3 F—t—
&

= I
: | Class 2
10 as= 1 [ [ |

0.5 L sS4 10.0
Particle size (um)

o

1E+M)
.1
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DIAGRAM 5.
CLASSIFICATION ACCORDING TO Ved Std 209E

Particles/m” equal or larger than particle size

Y = EEEE=
= - \ Fed Sid 209K

' .\ \ ] Classes
LEH6 = % \ \ — |

=— T\\ \ N
s | LTS RN
\\ N : N
1Fa04 &T \\ \ M; -
' m__s [_\ ' Aﬁ;‘%

\ '\‘1_1\% i i

e

-x"

;

S — ! o M5 |
N M_! sf \
| 8 L
i in«m.s
1EHIZ - M ' | - _
\7 ML5 i = '
S. ‘*
1EH1
0.1 0.5 1.0 3 10.0

Particle size (pm)
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DIAGRAM 6.
SUMMARY - BASIC DATA

DU

Mumber of particles larger

AIR

HUMAN IMIST GENERATION

Numher ol parliclesfsecond larger than size per person

carelully
witlking clean
poom cloths

than st Walking
Size Particles/m® Stze  maximum clean room
pl dirty  clean Hm clothes

0.1 Ix 101 55108 ml 1s10%  Ssxlof

0.3 AT T N3 4sid 2x ¥

0.5 axln e 0s it Ixlot

a1
2x 107
[ER S

FILTER EFFICIENCY - PENETRATION (examples of Clean Rovm Fillers)

Efficiency %

Fenetratinn %

Filler MPPS ] o O3um  O5um  MPPES 01 pm 3 pm 5 pum
SUPTR GOLDSFEAT, 9999908 00 9ooocy O GO000 (]00) 21000 Sx PR Ix10 (
GOLLDY SEAL 009007 G0 990R QGG 00 3107% 2x100% k107 (Y
ABSOLUTL 99095 99997 99008 999999 5x107 3x107 26107 Lxl0*
MICRETAIN 0 Cri} 08,5 94 2 1 1.3 1
HI-ILO WA - 0 il o} - 30 20 Lo
HI-FL 85 - Al il T - Al 50 an
HI-FLG 05 L5 2 25 - B3 Rl 75
CLEANLINESS CLASSES IS 14644d-1
Max. concentration {pnﬂiclesﬁm"}l for particles equal Lo
and Larger than the considered sizes shown below
Class 0.1 pm .2 pm {3 pm 0.5 pmn 1 pm 5 pm
[50 Class | 1 2
T80 Class 2 100 24 14} q
I50 Class 3 oo 237 T = H
I50 Class 4- 1{) (e 270 11620 357 R3
[50) Class 5 [0 000 23 700 161 20D 3 5H) L 24
150 Class 6 | 1000000] 237000  102000| 352001 s320f 203
180 Class 7 57 K 83 200) 793}
150 Class 2 F R0 (MM BAZAMM 24 M
T508 Class @ 52000001 8320000 293 (HH}

CLEANLINESS CLASSES FED 5TD 200E

2051 Mlein purticlesim®

Clazs Ul um 0.2 um 0.3 jpm (.5 pm 3
M 1 350 753 AR RN -

M 1.5 [ 244} 65 L0t 353

M2 i B30 T30 d B i
M 25 200 2 6A0 1 060 33 -

M 3 A5 000 THM0 RN 1 {HHD

M35 - 26300 10600 3530 -
M4 75 700 A0 A 10 000 =

M 4.5 35 300 247
o1 i T onn o 6BLE
Mss - - - 51000 2470
Mb 1 LHH 300 f 180
MBS A530000 0 29 700
M7 - - 10000 6l 300

24
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DIAGRAM 7.
UNIDIRECTIONAL FLOW SYSTEM - Cleanliness calculation

Uuld{)ur air . oo o
|'|'|:IT g Q {l]]ﬁ,u'lsjl [inal Filter
= = o= C n,
(1-x)() (m?/s) A’
e A | 1 - 7
P;;-flltu )\ t 4 ¥ T 4. * J' *
= = Cleanliness
x0 (in'fs}
5= tlusl
HUIIE[?1|.1E!|1
fparticles/s)
(1-)Q (m¥s) voor o

g

Concentration upstrean FINAL FILTERS
Cup =25/ + (1200 11100 C o

Cleanliness class downstream FINAL FILTERS
O =[S0+ (x| -ql}}ff'n.”]{ | -T}r)

Special Case A: 100 %6 vutdoor air and no recirculation of air (x=0)
Comeentration npstream final filter

Cup = (1M Can

Cleanliness class in room downstream final filter

C= (1) Conl(1-111)

Special Case B: 100 % recirculated air (x=0) and no outdoar air
Concentration upstream [inal (iler
(:up = 5/0)

Cleanliness class in room downstream final filter
=50 00-n0

30
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DIAGRAM 8.
NONUNIDIRECTIONAL FLOW SYSTEM - Cleanliness calculation

Ouidoor air
ol
-
(1-x)2 {m'/s)
Prefiller
n b & {'= Cleanliness

x{ (m¥s)

S= dust \—\ o

enaration F_ﬂ

ﬁ:w‘[tulcsﬁsj : )
e kR

a-omys 1 ! ==
-

Cleanliness class in room
C=50+ “"-x}{l"np;'(]""f}cuu1

DIAGRAM 9,
UNIDIRECTIONAL FLOW BENCHES - Cleanliness calculation
Otdoor air =
ot - Q ‘.E 5]
(1-x)}Q (m?/s) 8
Px;?r:iiller I
B Croom e ige
xQ (m'is) Ch= (_Tln;:turlﬂilllruﬁﬁ ;ﬁﬁiﬂj
2 (m¥/s) ) =
R
(1-x)@F (m¥/s)
-t

Cleanliness class in room upsiream the CLEAN BENCH FILTER is approximalely
Croom = SO+CR) + (1-2)(1-mp 1-mp) Can

Cleanliness class downstrearn the CLEAN BENCH FILTER
Cy = [SA0+0s) + (1-2)1-1) 01N Coud(I-Np)
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'::&i_rﬁﬁ:i Farr is the leader in clean air tachnology

nd air filter production.
. Camfil Farr has its own product developement,
R&E}'e_[nd wiorld wide local representatian.

; @ur overall quality _Qﬂal is to denvalop, produce
__’eiﬁd"'market praducts and servicas af such a nuality
.t_hét_ we aiim to exceed our custamars expectations.

We see gur aclivities and products as an ex-
prezssion af our quality,

T reach a level of total quality it is necessary to
establish an internal work enviranment where all .
Camfil Farr employees can succeed together. This
means an environment characterised by UPBTIESS,

confidence and good business understanding,

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

Kinge -Cifsst AW Sweden & Lo Gustasann Camiil AF 120420



