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ABSTRACT
The cleaning processes used today for photomaske developed over decades and optimized to fulfilstomer
specifications. Some mask procedures were addpied wafer cleaning technology. A principal techumég megasonic
(MS) cleaning, yields high particle removal effictées (PRE). However, MS can frequently cause feaiamage, and so
damage becomes the principle limitation to MS polesels applied to small feature sizes. The ustower MS power
levels can benefit from a better understandingeofioval mechanisms. In several publications theceffanfluencing the
mechanisms of particle cleaning were discu$8eRarticle transfer was investigated experimentatiywafer surfaces using
bath tools and was tracked using fluorescent dptibaroscopy?. The goal of our investigation is to test the didji of the
aforementioned models for mask cleaning using angpj mask and a megasonic head mounted on a aimgisg over the
mask surface, which is the most common hardwargseted for mask cleaning tools. While this equipnsetup provides a
useful variability, it also introduces disadvantageg. non-equal distribution of the megasonic power serthe cleaned
surface as will be shown. We will focus on soméhef main parametersg.chuck speed, arm swing speed and media flow,
which are strongly coupled by the fluid dynamicsl @annot be treated separately. All three paramétduence particle-
mask decoupling and reattachment during partielasport by the media stream across the mask suffaeeapproach to
estimate the particle removal and reattachmentisaiitistrated. The experiments performed allow ttonclusion that the
reattachment rate on a flat spinning mask surfadewer than previously assumed and the most afigiart of the cleaning
process is the detachment of the particle fronmstiréace.
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INTRODUCTION
Megasonic technologies lay at the heart of masinihg processes. Only a small fraction of testiglag are removed by
other concurrent treatments in a final clean. Duéhe violent nature of MS vibration, mask makeighmtruly enjoy the
thought of leaving megasonics completely behindwveleer, Figureda andlb show that megasonics can not be entirely left
out or left behind without a suitable replacemesthinology or mitigation protocol to diffuse thesstegmtially destructive
vibrations to Sub Resolution Assist Features (SRAFs
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Fig.1—a & b) Demonstrates that the mask cannot be cleaned lesin(or no) MS power compensated by extendedgz®timea) PRE
at 218 chuck rpm, arm swing time 1.9s, 30s protesswith H2 water cocktail and no MS)) comparison of the PRE as function of
radius from mask center for different process tiB@s60 and 600s.

In previous work we demonstrated two such mitigatipotocols®. The first mitigation protocol resulted in the &bc
diffusion of MS energies using chuck rotation anth aweep speeds. Secondly, the occurrence of nesenargies traveling
in the plate were demonstrated and evaluated fesible utility. Mask makers remain highly receptigealternative methods
of application or to entirely different technologiesuch as dry plasma or cryogenic methods or higbcity spray



technologies. No alternative technology has beenotstrated to entirely replace MS. Consequentlpraved methods for
the application of MS technology remain very ingtireg despite the breakage deterrents.

Understanding and modeling the mechanisms of partiemoval is instrumental to determining improvegntle and
effective MS cleanings. This is a complicated utadéng in which particle reattachment acts as & sbcompetitive or
reverse reaction. But the extent of this competitreaction is not well understood or well explorédr example, the
mechanical motions of spin processes are integrahé delivery of MS and these processes produgklyhinteractive
parameters as shown in Figitrevhich plots the % PRE against arm swing and chratition. Within this data set the role
and extent of particle reattachment remains hidtfereattachments rates are high, then conceptsalgaking, the process
time must increase to compensate. When the précessncreases, the probability for breakage ateoeases.
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Fig.2 — Demonstrates the highly interactive parametérshack speed and arm swing speed for a 30s MSsexpoBut the extents of
particle reattachment remain hidden in the datalsparticle reattachments rates are high thegéorexposure times will be needed than
for a process in which the particle reattachmete & low. Reducing MS exposure times is one fagtoreducing the probability for
feature breakage. Hence, more specific informationeattachment is needed.

New feedback methods are needed to elucidate lgargattachment in spin processes and attain pesb#nefits. For
example, we used particle dots places on clean snaslsuch a way as to indicate the factors of partspath and
reattachment rate. These characteristics beconder@wivhen new particles adhere in the free regibitise plate (Figur8).
Plates with a complete particle coating can ndtiyiileis type of information.
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Fig.3 — Particle dots on clean mask will show both tites of reattachment and the path of the partaffesf the plate. Particles removed
from the area close to mask center are carriethéyrtedia flow toward the mask edge. During trartsploe particles may reattach to the
surface in areas closer to the mask edge. Thigheasffect of artificially reducing the PRE in tleeareas. In order to judge this effect,
more knowledge of particle reattachment rates ¢essary.

The detailed appearance of the particle dots cantall us interesting things. Figudelemonstrates the tendency of particles
to either stay in the fluid or attach to the suefaburing drying, the volume of the slurry dropiieicreases. For example, if
the surface affinity is low, the particles will ram in the fluid longer and produce a high centtahsity. If the surface
affinity is high, the particle will attach at thdirst opportunity and the density will be relatiyeiniform.
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Fig.4 — a)Distribution of particles deposited from an isethtiroplet on the masks surface. The evaporatimgjelrleaves a finger print of
the chemical and environmental conditions it exgered during drying. As one can see from the pEctine particles tend to remain in
suspension and concentrate during the drying. Toiglet drying time is about 10 minutes. Bigand4c illustrate two alternative
theoretical distributions. Figb represents the extreme case of high surface tgffifiere the particles attach to the plate at thiresr
contact. Figlcrepresents the extreme case of low surface affiR#rticle clustering results.
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Fig.5 —Demonstrates the radial decline of cleaning efficiein: a) - % PRE vs. Mask Radius;b) - Spatial Distribution of PRE plotted
as Counts vs. Radial Location on the Mask. Botlsplepresent a 30s exposure to MS. The removeépsas stopped before
completion to better illustrate the radial natuir¢he removal process and provide the basis foretogl rates and mechanisms.

In order to de-convolute known interactive factarsl treat the spatial effect shown if Big. the cleaning efficiency is first
evaluated as a count density (n/finThen the particle characteristics of hub, rind am can be determined with enhanced
statistical significance. As discussed above, #uat dependence of cleaning efficiency is easgnsto vary when changing
chuck speed and arm swing speed or media flow. cbméributions to particle removal by forces othleart direct beam
exposure become increasingly clear (see &)igOther contributions to the radial removal pattebserved might be itemized
as follows:

Poor corner removal is due to lower MS power r@sgifrom no direct contact.

Reattachment of the particles from the central aféhe mask.

Turbulence of the media flow deters the communicatif near beam energies (corners and arm revaosak).

Changes to the MS power delivery can occur duat@tron media depth created by hydrodynamics démtow

created by the moving plate and MS arm.

METHODOLOGY
Masks with Complete Particle Coverage
PRE in our work was measured on non structured rhoksiks using 3N, particles with a broad size distribution of about
70nm-5um with maximum at 105nm (see. BjgFor measurement of defects or particle denSitgmens DFX 70 mask
blank inspection tool was used. The defects idiedtiire assigned to one of 6 groups accordingetio type:

a) Defects chrome side d) Defects glass side
b) Chrome pinholes e) Glass inclusions
c¢) Chrome inclusions f) Removed defects



Only the defects on the front side were considelreadrder to minimize the error of PRE estimatitine blanks used were
scanned before the application of particles andetluefects were marked as potential non removadbeetd. This first scan
is called the “pre scan” in following text. Subseqtly, the particles were applied and next scamefisrred to as the “coat
scan” and provides information about count and iterdistribution of particles before the clean. éftthe cleaning

experiment, the third, “post scan”, identifies rémiteg particles. One can calculate the PRE from giaeticle count or

particle density from these scans in two ways:

PRED= (coat- post) "
coal
PRE3= M 2]
(coat- pre)

PRE2 represents the particle removal efficiencgudated with the ideal assumption that all paridigentified in the coat
scan are removable. If the pre scan defect coumbtisiegligible then the second equation basecherassumption of non
removable particles identified in the pre scan @eruseful and provides a better estimate of teanithg efficiency (PRE3).
In a perfect world, the cleaning efficiency would bstimated by tracking each particle separateigl, according to the
result, assigned to one of the following categorg@siot moved, b) moved to different place onrtiask or ¢) removed from
mask surface. Due to the very high effort needeidi¢atify each particle and the inevitable uncetias of a high particle
count, we decided to use the parameters describEedi and ER.

Fig.6 — The patrticle size distribution for the siliconride particle slurry used is bimodal with peak egsthear 750 and 105nm.

R® programs were created to reduce the area of mésk84 smaller regions. The factor interactiorigl@t in Figure2
could be calculated with greatly improved precidior with reduced particle size information.

Cleanings were performed on a Sigmameltec MRC79%@thmation Stripper and Final cleaner.

Masks with Particle Dots

To solve the issue ahixing of the reattached particles on the maskasmerfwith the unmoved patrticles, we decided to use
smaller mm regions with defined position and particle densitg observe propagation of the particles frometsgots over
the free mask surface. Three particle dots wereepleon a mask at approx. 12, 42 and 71mm from #meec—each
producing a dot with about 6000 particles. The DXt, used for standard particle testing describbdve, would not
accommodate the needed particle density measursméthin mnf regions. For these test§ Rrograms were created which
reprocessed the DFX70 output. Changes in partietesity and their size distributions were observedtlte free mask
surface after 15s process times performed at aaxdessive clean step.

RESULTS
As already mentioned, the PRE depends on severaingsers. Due to strong interactions between paeasand nonlinear
dependencies, the cleaning efficiency for the whwolask cannot be described by polynomial functiohsnooming
parameters as one may expect. One result of thesragdtions is that the cleaning efficiency of msmg plate decreases as
a function of radius (Fi§a). Some of the well known parameters influencing=RiRe the composition of the particle and
cleaned surface (zeta potential), the shape gbdhtecle, the distribution of different sizes aheé particles density.

In Figure?, the slope changes which occur to the left ofaime reversal position (r 70mm) occur in a region that receives
direct beam contact. The slope changes which dodile right of the arm reversal position occuairegion which receives



only near and far beam MS effects. These diffebmam energies influence both detachment of pastiated their rarer
reattachment. The change of flow behavior towandsuient and the affinity of the particle to thatel (electrostatic and Van
der Waals forces) are also strong influences. Smpéirticles are more resistant to detachment.

A

Arm speed

Chuck speed >
Fig. 7 — Variation of radial cleaning efficiency: The wiibutions of removed particles per are plotted against the radius of arm swing.
Slope changes at r = 70mm occur at the arm revposition. At this place, a peak in the PRE occwisch is attributed to the time delay
at the reversal point (slow down and change of dinection). The relation between PRE and factomashhere is not linear. This data
treatment offers a means of quantifying the colectontributions of: 1) water movement in compigtia particles removal from the
plate, 2) near and far beam effects of the apptedasonic energy (non-direct beam forces)). low arm swing speed,b) high arm
swing speed, c) low chuck speed, d) high chuck speed,e) medium arm and chuck speeds. Three data setdpraléa of the typical
scattering of data discussed.

Radial Distribution of the PRE

Figure8 compares the observed cleaning against the theshetmodeled direct beam coverage. Figure 8cldispa normalized plot of
the difference. The theoretical modeling in FigBbauses a constant arm speed and assumes direcuexpmshe MS beam to be the only
particle removal force. This figure shows a sigrafitly greater accumulated MS exposure at the wester due to the mechanical motion
of the megasonic arm across the mask. Consequégl2RE falls byl/r wherer is radius from mask center. No direct MS power is
delivered left of the reversal point. As shown iear{fFigl), we can omit the impact of the pure media flokhaut MS power as minor.
Three additional forces are largely responsibléfferdifferences seen between the observed arttiegbeetical: media flow; centrifugal
force and indirect MS beam energies.



a) b) c)

Fig. 8— Radial PRE a) Displays the test results at constant chuck spe2d8rpm and arm swing time 1.9s, 30s process émmask
with uniformly distributed particles. b) Displays the theoretically calculated direct M@itmecoverage for the conditions above with a
delay time at reversal points of 0.2s and a 4mnmb@iameter. The MS beam passes 8mm from the maskrcec) PRE per millisecond
of direct MS beam exposure. Assuming MS power tthieeonly removal force, this function has to kz.fThe difference in the PRE
efficiency has to be explained by additional effeetg.contributions to removal by the media flow, ceuigal force and indirect MS
beam.

a) b)
Fig. 9—a) Radial PRE function for fixed arm position with M&zzle placed 4 cm from mask center. The dashed-dipresents the
Gaussian fit; b) spatial distribution of PRE for fixed arm procéssparticle count per mfn

Figures9a & 9b show the cleaning response when the megasonic zepositioned 4cm from the mask center for 30s. If
cleaning were uniform on both sides of the bearan tithe PRE would follow the Gaussian distributibowen in Figure8a.
The experimental result is distinctly non-Gaussiaith a nearly vertical slope for PRE at r = 33ntavidently, the freed
particles within the ring are prevented from movingiards the mask edge in the same way as fredéidlpamutside the ring
move towards the edge—suggesting that unrestriotement both within and above the boundary laleyspan important
role in reattachment rates. When a patrticle isgmtad from moving, it must reattach when water fiiops.

a) b)
Fig. 10—a) — Shows the PRE for 3 particle dots applied deckht radial locations on the mask as functiothefprocess time. The lines
represent the PREs for fully coated masks treate@@s. b) Shows the positions of the particle dots on thekna

Also note that the difference between the data shiovthe lines versus the data shown as data pofriesgurel0ais not
meaningful. It is an artifact of comparing a 30p@sure on a fully coated mask to 15s exposure orask with isolated
particle dots.



Modeling the Kinetics of PRE
As one can see in Figut®a the PRE is not linear with respect to time. Ftbm perspective of kinetics, particle removal for
a particular type and size of particle can be deedrby the same mathematical equation as usefir§ororder chemical
reaction¥':

dn
a = kn (nO - n) [3]
Here dn/dt represents the particle removal ratg,is the initial particle count or particle densjigr mnf, n is removed
particle count/density. The constaky, contains the difference between forces of remawal attraction. This coefficient is
non zero for particles with removal forces highwart attraction forces and zero for all other coratiams. Note please, that
the time €) in the equation is not the process time, buhé&sihtegral removal force. Since tkg is different for different
groups of particles, we have to treat these gregparately. The more commonly used total removaierficy is then the
sum of integrated effects over all particle sizeéstbe mask without regard to radial differentiatidkccording to the
hypothesis, the removal rate is smaller for patiakith a higher ratio of attraction to removalcfes. This effect is observed
in Figurella

Figure11 takes the data of Figuld® and explodes the particle size information from tlentral dot. This new curve set also
contains a prominent shift at about 180s. This éasto an accidental change in the megasonic pap@ied. However, the
result does demonstrate clearly that when the noegapower increased by 15%, thgincreased significantly, even when
the prior cleaning rate was approaching its asytigoteaximum.

a) b)

Fig. 11—a) Shows the PRE as a function of time for diffeqesutticle size categories from particles bigger th@@ nm down to patrticles
smaller than 80nm. In order to avoid “smoothingtiué effect by position of the particles on the knéise PRE was estimated solely on
central particle dot. Note that for particles smathan 80nm, an asymptotic maximum is reachet@its65% PRE. Even when longer
exposure times are applied, the remaining partiglésiot be removed to a significantly greaterentt b) Shows a comparison of the
particle size distribution before cleaning (dastiee) and after cleaning (solid black polygon). Tdea clearly illustrates a very effective
removal of particles above 150nm with only 2 rerrarparticles with higher sizes. All remaining pelets are below the 150nm.

Reattachment of Particles

The reattachment rate was estimated for maskspaitiicle dots close to the center. At this centraition, both the removal
rate and risk of reattachment is advantageously. higgically, any new particle appearing outsidehaf dots would have its
origin from within the particle dot. The reattachmeisk is increased due to the increased trangfistance to the mask
edge. To avoid mixing of reattached particles frisumcessive cleaning steps, a map subtraction wésrped after each 15
second cleaning to perform the needed particlewatow step. In this way, the count, size and pteaat of the reattached
particles was estimated.

Figure 12a shows the removed particle count, reattachedgbartiount and the rate of reattachment (count aftaehed
particles divided by count of removed particles)aaBinction of accumulated 15s cleanings. As exgukcthe reattached
particle count decreases as the number of partielsved begins to slow. The reattachment ratecieasing gradually as
the mean particle size is reduced (ERy). This increase is consistent with our model simgwa progressive concentration of
the smallest particles on the plate. The removatess becomes dominated kyfor the smallest particles. Even for the
smallest particle category, the percent of reattait in no case ever exceeds 15%. Based on ouctexipe prior to testing,
this seemed low.



a) b) c)
Fig. 12- a& b) Shows the removed and reattached particle counihaton of process time) Reattachment rate as function of time.

Figures13 and14 show the results of modifying the particle-to-plaharge interaction (zeta potential) by modifyihg pH
of the droplet applied: A matrix of particle slurdyops of identical volume and particle source wapplied on the mask
surface. Since the particle dots originate fromsame slurry concentrate (dilution ratio 5000:k particle size distribution
as well as the shape and composition can be asstmntmlidentical. Particle counts and PRE were romb after one 15s
cleaning process. The removal efficiencies revealeélative particle-to-plate attractions. The ahbility seen in the results is
largely attributed to 1) the positions of differguitl dots at different radii on the mask and 2) e sweep uniformity
limitation of a 15s clean. In a general sensentlbee basic the slurry droplet, the greater thélSparticle is attracted to the
plate. Dots deposited at neutral pH are roughlgévas easily removed as their counterparts at pH 11

Fig. 13— PRE as function of pH changes in particles agdpdit two different radii from mask center. The enbasic the slurry droplet, the
greater the 3N, particle is attracted to the plate.

Figure14 shows the fingerprints of dried droplets over @aorpH range. Although these particle maps ardutigt
understood, one can say that a particle’s strofigjtgfto the mask surface becomes apparent bgdtky attachment to the
plate. Secondary influences to the dot fingerpnnéy be due to the rates of sedimentation durigopgr Particles deposited
due to a breakdown of the colloid suspension waooldnecessarily indicate a greater particle-toepéfinity. The pictures
shown in Figuré&4 confirm the hypothesis, that at high attractioisuoface the particles are distributed more unifgifsee
Fig 148). The root cause for ring like distribution of peles at high pH (Fig.4c& 14d) is not fully understood.

Figure 15 presents the particle size profile for removal esattachment in a different way than Figutésand12 above. One
can see in Figurd5c that removal is very complete and hence the r&attents are only occurring for particles below
150nm. The reattachment rates for 80nm particled@riold higher than for particles greater thanrifBiOReattachment rates
over an integrated 180s duration show 80nm pastiokarly 100 fold more inclined to reattach thafrizh particles (Fig.
15d).



a) b) ©)

d) €)

Fig. 14— Distribution of particles within the particle tde—'dot fingerprints’. The pictures illustrate thkange in particle density caused
by change of pH and so surface energy. The pH rexgered represents a 10,000 fold change in cdratén of hydronium ions. The
droplets differ in their shape due to air flows astatation during drying a well as the evolving atieal conditions within the dropled)
pH=7.1; b)pH=8.0;c)pH=9.2; d)pH=10.4; e)pH=10.9

a) b)

c) d)

Fig. 15— Particle size distributions for removals andteedments: a) particles removed in the first 15s runb) particles reattached in
the first 15s run; c) particles reattached in the 12th rurd) size distribution for particles reattached withirelve 15s clean process runs.
Since the particle counts differ strongly, the ritisttions are normalized to 1000 particles of thestippopulated size- in our case 105 nm.



Figure 16 shows a reattachment after stopping the clearepsoat 15s. Reattachment coincides with the movieaidhuid
boundary layer on the mask. Our test uses a cl@ekvatation. This produces an apparent countekalise motion of the
boundary layer. Small particles evidently can netape the slower moving boundary layer with higlebability.
Consequently, we see smaller particles form a Gsiiie spiral in their creep toward the mask'sgedIn Figurel6a the
particles are prevented from moving towards the kmesnter by centrifugal forces As the cleaning woproceed
unimpeded, the magnitude of reattachments is eggetct decrease and their positions on the maskpected to move
gradually towards the edge.

a) b)

Fig.16— Placement of reattached particles on the maakShows the radial density distribution for reateatiparticles; b) Shows the
spatial placement of the reattached particles emthsk after the first 15s process run. The civelr the mask’s center represents the
position of the particle dot from which the pargloriginate. Visible in the picture, is a spitkltrace of reattached particles. This is due
to the clockwise rotation of the chuck and so tigasent counterclockwise stream of the fluid media.

DISCUSSION AND CONCLUSIONS
A new method of particle application was exploredttallows bulk observation of particle reattachtaen using MS beam
application on a spinning plate. Evaluation of IRE using masks with particles covering the entigsk surface has a
serious disadvantage. The particles may reattatdtetsurface in areas closer to the mask edge lssmlice the PRE in these
areas. The method presented here allows quantifyarticle reattachment by tracking of a large numdfeparticles of
varied size. Custom methods of particle counting position tracking on the mask were created frtat allowed the
particle density per mfrto be evaluated. By using single particle dots mm and ~6000 particles on cleaned surfaces we
could correlate removal efficiency with reattachiseoriginating from the slurry dots. A particle’'smoval or reattachment
can be considered competitive aspects of partialesport.

Although simple proof of particle reattachment li®wn in Figuresl2 and16; the rate of reattachment was less than that
anticipated. Based on a previous publicaftbmherein fluorescently marked single particles i were tracked in a bath
setup, the frequency of attachment could not béircoed for our spin processes.

We find the following statements on particle tram$gonsistent with our observations:

Reattachments are linked to a particle’s size éndaidial location on the mask. The smallest partsize evaluated was
80nm and they showed the highest rates of reattachrRarticles greater than 150nm were removed avitinsignificant
number of reattachments when 15s clean processesapplied. In a practical sense, reattachmenh @it particular spin
cleaning setup, is relevant only to particles ssm 150nm which showed a reattachment rate bet®@esm 14%. We have
to admit, that the cleaning efficiency is deterbgdthe 15s process interruptions characteristicutomethod. Reattachment
rates are therefore most probably exaggeratedidyrtbans and should be treated as an inequiaétydattachment is <15%
for 80nm particles). Imagine a series of 15s clegimes stops the process of cleaning when somtielpa are in motion.
Stopping the process will force reattachments taunc

We observed that given a specific MS power; a marinPRE can be reached at certain process timehvwdaio not be
exceeded by further extension of the process tiRig. (18). Particle removal can be grossly modeled as #ti® of

attractive forces to the forces of removal. As ttdso approaches unity the particle is compelledniove. A particle’s
continued motion off the plate is highly dependentits ability to be entrained in the rapid fluidlomements above the
boundary layer. Likewise, continued suspensiomérhedia deters reattachment. If the particle resnaithin the relatively
tranquil boundary layer, the probability of reattament increases. This suggests that an improvemegentle removals



could be engineered with an MS application prowjdan more continuous agitation to small particleslevimaintaining
adequate fluid motion to assist particle entrainmethe media above the boundary threshold.

Particle removal is seen to behave as a kineteraction and can be described as first order esetions. As well, each
particle size and its position on the mask haveréam probable reversibility. If one plots the wral for all particle sizes
over the entire mask, the shape of the removalecwill be qualitatively the same as that seen guFél1la In contrast,
when different particle sizes and radial positians sequestered, we see that diffekgrégmerge and can be use used to more
accurately describe particle behavior. To clarifiyttier, the particle removal rate is greatest far flargest particles and
smallest for the smallest particles. Particle egditinent is lowest for large particles and greafestsmall particles.
Reattachment is inversely proportional to remowRéattachment decreases with increasing process amdewith the
reattachment probability for each detached particle

After a certain process time, the clean processhemaequilibrium between attraction and removatder From then on, the
cleaning process effectively stops. Any particleadbed from the surface, due to fluctuation in reahdorce €.9.MS power
increase), is with very high probability reattacliedhe mask surface near its starting positiore &fiective cleaning rate
approaches zero, even when some patrticles corttngadually move over the mask surface.

Although smaller particles may bond with lower rmétarge distributions than big particles, they maly exhibit greater
resistance to removal because they associate mtmeately within surface structure of the plate.o8hrange forces
dominate in closer association. A small particletsachment is enhanced by the opportunities toesimashort range dipole
and induced dipole forces. Larger particles offdarger profile against which drag forces can wokksmall particles
probability to reach conditions where the drag éosafficiently exceeds attraction is small.

Our test of particle adhesion vs. the pH of theliadpslurry produced a doubling of adhesive for€his large variation
points out an industry wide deficiency. Reliablentiemarking of processes and equipment requiresataiple testing over
time and different manufacturing locations. Vari@piin the chemical nature of particle slurries kaa matching processes
or specifying tool performance characteristics liabte. The mask industry would benefit by adoptamgtandard particle
slurry made with a specific particle compositioizesprofile, pH, complexing agents and suspensiethod. No standard
has yet emerged.
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