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INTRODUCTION num) introduced by various mixing, handling, and storage steps
(5). This decomposition can cause rather severe product func-
The need to control particulate and trace metallic and ionitonality and safety problems. To combat this problem, chemi-
impurities within semiconductor process chemicals has bezal manufacturers have historically added stabilizer com-
come a critical factor as the complexity of integrated circuipounds such as sodium or potassium stannate. Unfortunately,
process technology continues to increase. Inherent in thtkese stabilizers also introduce very significant quantities of
trend toward process complexity comes smaller circuit feaionic and metallic impurities. New processes have been de-
ture sizes, thinner film materials, and larger die sizes. Theeloped to provide very pure hydrogen peroxide streams that
process chemicals used to fabricate critical integrated cido not require the addition of stabilizers to prevent rapid prod-
cuit devices can easily become a limiting factor relative taict decomposition. The use of such high purity hydrogen per-
device yield and reliability, hence the chemical purity at theoxide products require the employment of very careful stor-
wafer surface must continue to be a critical concern for waage and handling techniques so as to not introduce metallic
fer fabrication process engineers (1). impurities which would promote decomposition. Table 1 pre-
sents typical purity levels of a new grade of hydrogen perox-
Process chemicals are also used for preparing surfaces ot without additional stabilizers as compared to a previous
than silicon wafers prior to sputtering or depositing variougrade with a tin-based stabilizer. With some impurities, there
metallic films. The presence of particles on a surface priois as much as a fifty-fold decrease in impurity concentration.
to metal deposition can create film integrity and adhesiofhe improved purity levels are a result of advances made in
problems. The size of a critical particle that can cause a filproduct distillation methods, material of construction of unit
defect varies on the specific application and on such filnoperations, and product distribution.
properties as thickness, film composition, and surface con-
tour. The presence of organic and ionic impurities on a suiffhere are many other examples of chemical products where
face prior to metal deposition can create film adhesion anthe purity has been significantly improved by upgrading chemi-
surface roughness problems. The use of process chemicald production and packaging facilities and by generally pay-
can be effectively used for removing particulate, ionic, andng close attention to details. The sections following present
organic contaminants as part of a surface preparation prthe various aspects of synthesizing, purifying, packaging, and
cess. delivering high purity process chemicals to the wafer point-
of-use.
Maximum concentration specifications for particles and a
wide range of electrically active impurities have been incorRAW _MATERIALS
porated by most process chemical suppliers in their high pu-
rity grades of chemical products. New manufacturing, materidh manufacturing high purity chemical products, very careful
selection, and process control techniques incorporated in tleentrol of the entire chemical process must be established,
past five years have been responsible for major improvemerftom the selection and handling of the raw materials to the
in the quality of process chemicals used in high purity propackaging of the final product. In considering the process of
cesses. These improvements include reduction of metallic iom®nverting raw materials to a finished chemical product, one
and particles in the 1.0 and 0.5 micron range (2). must pay close attention to the source of the raw material. For
example, the raw material for aqueous HF is fluorspar org, CaF
One notable example of the improvements made in chemic@he particular mining site and method of ore removal will influ-
purity is hydrogen peroxide (3). Hydrogen peroxide dilutedence the purity of the HF product. This is true with other min-
to 30 percent with ultrapure water is used for several criticatral acids as well. Fluorspar is converted to anhydrous HF by
surface cleaning and photoresist removal steps (4). The deaction with sulfuric acid by the reaction:
composition of hydrogen peroxide into oxygen and water is
accelerated by metallic impurities (such as iron and alumi€aF, + H,SO,

347

>CaSQ+ 2HF1

Society of Vacuum Coaters 505/298-7624
34th Annual Technical Conference Proceedings (1991) ISBN 1-878068-10-5



The anhydrous HF material is stored and transported befofigansportation of chemicals in bulk quantities between the
being converted to aqueous HF. At the final manufacturingnanufacturing and packaging facilities or to the end user’s
facility, anhydrous HF is distilled to remove certain impuritiessite is sometimes required. This is accomplished through the
(e.g., arsenic, antimony, lead), then contacted with ultrapunese of trailer tankers and rail cars varying in capacity from
water. Within this process, the materials used for all reactiof,000 to 20,000 gallons. Chemical contamination during the
vessels, storage tanks and transfer components have an ifmansportation process can represent a common contamina-
portant effect on the purity of the aqueous HF. Additionallytion source which can be effectively eliminated by the fol-

the purity of the ultrapure water is of critical importance. lowing steps:

Other examples of raw material processes include the reaction Manufacture the tanker/rail car of materials suited to

of ammonia gas with ultrapure water to form ammonium hy- the chemical being transported.

droxide, NHOH. Some chemical products are made by starting Employ proper tanker cleaning procedures between

with lower grades of the same chemical and purifying to re- loads of chemical products.

move the impurities. For example, high purity hydrochloric acid Isolate the tanker interior from the external envi-

is made by distillation of industrial grades of HCI. The distilla- ronment.

tion unit materials of construction as well as the process con- Select valves, gaskets, and seals which are made of

trol procedures greatly influence the characteristics of the pu- materials that are compatible with the chemical.

rified HCI. : Carefully select and dedicate the chemical transfer
hoses.

SYSTEM DESIGN CONCEPT

Bulk transfer systems (i.e. holding tanks) used to load and
In the detailed design of a chemical manufacturing facilityunload bulk chemicals are subject to the same factors affect-
there are several key elements that significantly influenceng chemical purity in trailer tankers and rail cars. Personnel
the purity and consistency of the chemical produced. The&aining is very important in chemical transfer and transporta-
chemical manufacturing process can be broken into six maon operations. Maintaining the cleanliness of equipment and
jor unit operations, as shown in Figure 1. The design, integraising proper techniques in transferring chemicals minimizes
tion, and operation of these unit operations have changed digentamination from the outside environment. Additionally, it
matically in recent years to meet the requirements for semis important that bulk transfer stations be dedicated by prod-
conductor-quality chemical products. It should be noted thaict to ensure there are no chemical cross-contamination ef-
many of the criteria for a quality chemical manufacturing planfects.
are also important criteria for a high purity chemical distri-
bution system located within a semiconductor manufacturPACKAGING CONT AINERS
ing facility. The chemical manufacturing process can be bro-

ken into several major design concepts. These are: For many high purity chemical products, theckage repre-

sents the rate limiting step relative to particulate and ionic

System Materials of Construction impurity levels. The most common packaging container used

Piping Connections today is the one-gallon bottle made of high density polyeth-

Chemical Flow Velocity and Pressure ylene. Bottles made of borosilicate glass are also used, but

Chemical Hydraulic Stability the cleanliness is inferior to optimized polyethylene bottles.

Design and Materials for Components such as

Pumps, Valves, and Regulators Significant improvements have been made in recent years in

both the shape of the bottle and the materials of construc-

tion. The bottle shape must be optimized to enable cleanability
EFFECTS OF STORAGE AND SHIPPING CONTAIN- and to prevent isolated areas where particles can accumulate.
ERS The polyethylene resin used must be carefully controlled with

respect to additives such as mold-release agents and plasti-
Bulk storage tanks are used extensively by chemical manwizers which will leach out of the contained to contaminate
facturers to store or stage process chemicals. These systeiis product. A well-organized quality control/testing program
are dedicated by chemical and are constructed of materiatsust be instituted for each batch of resin to be used for mold-
suited to each particular chemical to maintain the purity oing chemical containers.
the chemical product. Selection of materials of construction,
valve types, elastomer gaskets and other components is veBlow molding is the principle technique used in making con-
important to maintain particulate and ionic stability of storedainers for semiconductor chemicals. Containers ranging in
chemicals. Chemicals that are hygroscopic in nature requigdze from one gallon to 55 gallons are commonly fabricated
noncontaminating purge systems such as filtered nitrogen aising the blow molding process. In most applications the qual-
clean dry air for bulk storage. ity of blow air is not important. However, in high purity chemi-
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Standard Semiconductor | Megabit Purity

Impurity Quality Grade
Aluminum 35 5
Boron 5 1
Chromium S5 5
Copper 5 2
Gold 10 <5
Iron 10 8
Nickel 10 5
Potassium 400 8
Sodium 30 6
Tin 200 8
Zinc 10 4

Total 720 ppb 57 ppb

All units in parts per billion.
TABLE 1
Hydrogen Peroxide Purity Levels
Container
Filling |

alninie
=[] i,

i 1
Reaction Siorage 1
Vessel Mixing Filtration
Purification
(e.g., distillation)

Figure 1

Major Unit Operations of the Chemical

Manufacturing Process
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cal products, the quality of the blow air can affect the purity oExperience has found that cleaning of larger containers, in
contained chemicals. Tests using sixteen 5-gallon containeparticular 55 gallon drums, can be more difficult than gallon
were conducted to quantify container particulation as a fundottles for several reasons. First, there is a much greater sur-
tion of quality of the blow air. Particulate filters can be used tdace area that the high pressure cleaning solution must reach
remove shedding characteristics. Containers were made with remove particles. Secondly, the configuration of drums cur-
and without the filter module in the blow air line. In this test therently has isolated areas where it is very difficult to spray
containers were filled with sulfuric acid and particle countscleaning solution. Lastly, drum materials made of fluorinated
were taken over several months. Figure 2 shows the effect pblymers (e.g., PFA Teflon) are very difficult to clean with
removing particles greater than 0.02 microns from the blow aultrapure water alone, due to the hydrophobic nature of the
stream on particle counts seen in the sulfuric acid produdterior surfaces. The use of surfactant solutions can be effec-
This figure represents the average number of particles withitive here. Optimized drum cleaning techniques must overcome
the sixteen containers over this time period. When no blow athe various difficulties associated with larger chemical con-
filtration is used, particle levels in the sulfuric acid were ini-tainers.
tially three times greater than when air filtration was employed.
Particle counts increase with time with no blow air filtration, CONTAINER FILLING
indicating particle shedding from the containers; particle lev-
els remain constant when air containing few particles and nbhe environment in which a clean package is filled with a clean
oil residue is used. process chemical is critical (2). These environments include
open air, clean laminar flow hoods, and cleanrooms. Cleanroom
There is a current trend to move away from gallon bottles tohemical filling facilities can be manual or automated in opera-
the use of a bulk-dispense chemical system within wafer fabrtion. Automated clean room packaging facilities provide the
cation areas (6,7). Larger container sizes are used within cherbiest control of the packaging environment.
cal distribution systems. The containers can be 55 gallon drums,
10 to 20 liter canisters, 200 gallon mobile “tote” tanks, or othefhe particle level of the chemical emerging from a packag-
configurations. These containers are made of high densitpg system strongly depends on the amount of chemical that
polyethylene, PFA Teflon, and polyethylene or PFA liners withhas been flowed through the system and particularly through
steel or fiberglass overpacks. The same container design atie filtration modules. Filters that are new or that have been
material selection procedures used for gallon bottles must alsiormant release particles for some period from the membrane,
be implemented for the larger containers. With 55-gallon drumsupport structure, and housing (8). The practice of initiating
the quality of the blow molding process has particular significhemical flow in a stagnant piping system releases some par-
cance on the cleanliness of the container. Table 2 shows thieles from interior surfaces. Itis therefore understandable that
particle levels at 0.5 and 1.0 microns of a newly developethe particle concentration varies as a function of the batch
drum using carefully controlled blow molding conditions ver-size. An effective technique to reduce the variability in the
sus a conventional polyethylene drum, using three commaparticle level in a packaging line is to recirculate the chemical
process chemicals. through the filter module to a desired lelefore packaging.

The equipment and procedures used for cleaning packagi@hemical filling lines are critical in maintaining low particle
containers before filling or between fillings (i.e. for returnablelevels in chemicals being transferred from filters to packages.
drums) is a critical part of the chemical manufacturing proces§.he length of the filing lines, materials of construction, and the
Polyethylene and fluoropolymer containers collect particleglow rate of material through the fill nozzles affect the particle
on the interior surfaces through exposure to the ambient divel of the product entering the containers. Additionally, the
used in blow molding and through subsequent handling stegkegree to which the container filing line is automated will af-
(e.g., trimming, leak testing). fect not only the average particle content but alsgdnsis-
tency of the chemical product. Control of the environmental
Washing and drying steps are commonly employed to removguality around the filling operation also has an affect on chemi-
cardboard and other particles from the interior and exteriozal particle levels. While a Class 10 or better environment around
bottle surfaces prior to filling. To clean bottles, the bottlesa filling operation is not as important as other measures, the
are inverted and blown with filtered ionized air to remove grossequirement for aonsistent environment that is relatively clean
contamination, then sprayed with filtered ultrapure water. Thés necessary. The procedure followed by personnel in and
ultrapure water must be pressurized to reach all interior areasound a packaging line also can have a profound effect on
of the bottle with sufficient force to remove any remainingproduct quality.
particles. The bottles are then dried with filtered, ionized air.
The cleaning environment within the automatic packaging lin&JLTRAPURE WATER
must be controlled to ensure that the clean bottles are not
contaminated prior to filling and capping. Ultrapure process water is used extensively in the manufac-
ture of integrated circuits and other critical products (9,10).
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Ultrapure water also plays a very key role in the production dhtegrity tested. An integrity test will detect a damaged mem-
high purity chemicals. The water purification process consistbrane, ineffective seals, or other system leaks. Two kinds of
of several unit operations including ion exchange, reverse o#tegrity tests are commonly used — the bubble-point test
mosis, and filtration. The water purification process is designe@nd the forward diffusion flow test (2). Filter devices that use
and maintained to strictly control particles, organic molecule§uoropolymer membranes (such as PTFE) with aqueous-based
and ionic impurities. The distribution of ultrapure water fromchemicals must be wetted with a fluid that will lower the mem-
the purification plant to wafer use point can provide numeroubrane surface tension before the filter is installed in its hous-
opportunities for further contaminating the water (11). Bacteing. High purity isopropyl alcohol is most commonly used as
rial contaminants can exist and thrive within an ultrapure watdhe wetting agent. The specific procedures for wetting the
system; the extent of this problem depends on flow conditiorfter and flushing the alcohol from the cartridge (with ultrapure
within the distribution system, organic nutrient levels withinwater) are critical; careful personnel training is paramount.
the water, and on other parameters.

The surface area of the filter media is an important design
A variety of process chemical products include ultrapure waparameter to consider when sizing a filtration system. Large
ter as a key ingredient. For example, hydrogen peroxide thatfidter surface area is required to maintain low differential
commonly used in wafer processing is approximately 70 pepressure across the filter membrane and hence provide an
cent water, by volume. Ammonium hydroxide, ) is ap- ~ acceptable chemical flow rate. Series and parallel filtration are
proximately 60 percent water; the process of synthesizing supften used together to maximize chemical flow rate and to mini-
furic acid relies heavily on ultrapure water as well. Addition-mize particle loading. Prefiltration using media with larger pore
ally, ultrapure water is used for container cleaning, filter flushsizes (e.g., 1 to@m) can be effective as well. The viscosity of
ing, laboratory reagent preparation and other uses. Improvthe chemical to be filtered must be taken into account when
ments in the quality of ultrapure water are important to im-designing a filtration module. For example, the flow character-
prove the ionic and particulate quality of many of the procesistics of sulfuric acid (viscosity of 25.4 centipoise at 20°C)
chemicals. Table 3 shows examples of ultrapure water proftarough a filter membrane are significantly different than those
lems encountered within water purification and distributionof water (viscosity of 1.0 centipoise).
systems. An optimized ultrapure water purification system as
well as monitoring and operational procedures and hydrauli€HEMICAL PRODUCT ANAL YSIS
flow conditions are extremely important parts of the chemical

manufacturing process. The determination of the purity and chemical concentration
(i.e., assay) of a process chemical is a major part of the chemi-
CHEMICAL FILTRATION cal manufacturing process. A variety of standard analytical

techniques are recommended by the Semiconductor Equip-
Filtration is the process by which particles are removed from anent and Materials Institute (SEMI) (13). All of these tech-
chemical product stream at various points within the chemicaliques involve batch analysis of particulate and dissolved
manufacturing process. Filter products most commonly useighpurities; the sampling techniques are very critical to ensure
for process chemicals are of the membrane type, configuredhat the sample to be analyzed is representative of the entire
a pleated arrangement around a 10 to 30 inch filter element (12J1emical batch. As the requirements for semiconductor pro-
The materials that a filter device is made of and the methods 6€ss chemicals become more stringent, the analytical tech-
construction heavily influence its performance characteristicgiques and sampling procedures must also continue to be im-
relative to particle capture efficiency and ionic extraction levproved.
els. All components of the filter device must be chemically
compatible with the fluid being filtered; this includes the mem-Trace metallic impurities in process chemicals are commonly
brane, drainage layers, support structure, and o-ring seals.measured using inductively coupled plasma atomic emission

spectroscopy (ICP-AES) (14). As impurities are excited within
The process used to manufacture a filter device will influencan argon plasma, return of the excited atomic species to the
its cleanliness and efficiency. Manufacturing debris generateground state produces photons of characteristic energy. These
as the membrane is cut, folded, and welded to the filter stru¢hotons can be characterized by a high-resolution spectro-
ture can contribute to significant levels of particles releasegihotometer. Sensitivity of the ICP-AES techniques is of the
from the filter (8). The filter device must be thoroughly flushedorder of 1-10 ppb for most impurities in most process chemi-
with a clean fluid (e.g. ultrapure water or alcohol) to removesals. At these levels, very careful sample preparation tech-
particles; this should be done at the filter manufacturing sitetiques (i.e., concentration via evaporation) are required. An-
These and many other factors must be considered when s#her analytical technique commonly used for analyzing pro-
lecting a filter product to be used in a chemical manufacturingess chemicals is graphite furnace atomic absorbtion spec-
process or distribution system. troscopy (GFAAS). This technique offers excellent detection

limits for many elements (to 1 ppb) but it is a very slow, single-
An important feature of a filter cartridge is its ability to be element technique and not often suited to a manufacturing
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vices represent a very critical process parameter; their use
As purity requirements near the 1 ppb level and below (pexithin a wafer fabrication facility must be carefully engineered.
impurity) appear, a new trace analysis tool becomes necessamye chemical manufacturing process from the mining of the
Inductively coupled plasma mass spectroscopy (ICP-MS) is eaw materials to the packaging of the ultrapure chemical prod-
relatively new technique that provides slightly better than partict has certainly become more robust within the past five years
per-billion sensitivity with little sample preparation required due to much attention to details (11). The distribution and use
(3,15). Here samples are introduced into the inductively couplesf the chemicals within the wafer fabrication facility must be
plasma source and converted into singly-charged positive iongngineered and tested with equal care. The analysis of pro-
The ions are extracted using a double-cone sampling appakgess chemicals often approaches the limits of the analytical
tus into a quadrapole mass spectrometer where they are sepstruments, and hence must be integrated into the entire chemi-
rated and detected based on their mass-to-charge ration. Td¥ process. Specific improvements in analytical instruments
ICP-MS technique has demonstrated very good impurity reand procedures are certainly needed for the next generation of
covery characteristics for most impurities found within semi-process chemicals. In order for semiconductor process chemi-
conductor process chemicals (3,15). cals to meet the strict purity and functionality requirements for

submicron device processing, the entire chemical manufactur-
Particles in process chemicals are typically measured usingg, packaging, and distribution process must be optimized as

particle counting instruments that utilize light scattering prin-an integrated system.

ciples (16). For process chemicals, these instruments are most

commonly operated in a batch-sampling mode. Current instrlREFERENCES

ments have detection limits of 0.3 microns. With light scatter-
ing techniques, particles having a different index of refractior.
than the background fluid scatter light; this light is collected,
focused, and detected via a photo diode or photomultiplier
tube. The number of particles in a sample volume and their size
as compared to calibration spheres of known size are recordgd
(17). Bubbles formed during chemical sampling will be detected
as particles, and hence must be minimized during sampling.
Procedures have been developed for readily detecting the pres-
ence of bubbles so that this faulty particle data can be dis-
carded. New chemical pressurization sampling techniques have
been developed to eliminate the presence of bubbles during
sampling, thereby improving the integrity of the particle data.
(18).

Recent improvements have been made in the ability to reli-
ably count particles significantly smaller than Qus with 5,
detection efficiency better than 50 percent. Batch sampling
instruments with sensitivity of 0.2 microns have recently been
introduced (19). Microscopic particle counting techniquess.
providing the ability to count and characterize particles as
small as 0.2um have been utilized in Japan for about five

years. This manual technique is very time-intensive, but can
enable particle identification with and without the use of a

Secondary Electron Microscope (20). 7.

In situ particle detection instruments are available for mea-
suring particles within chemical process streams in a con-
tinuous fashion. Currently available instruments have a de-
tection sensitivity of 0.2m but detect particles in only a small 8,
area of the chemical stream. Such continuous particle count-
ing instruments can be used for characterizing chemical pack-
aging and distribution systems (21).

CONCLUSION 9.

Process chemicals used for manufacturing semiconductor de-
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CONTAMINANT

SOURCE OF CONTAMINANT

-MECHANICAL GENERATION FROM VALVES
-SHEDDING FROM FILTERS
-FILTER BREAKDOWN

PARTICLES -PUMP IMPELLERS
-SPALLING FROM PVC PIPE
-BACTERIA
-LOW VELOCITY IN PIPES AND TUBING
BACTERIA -STAGNANT WATER AT NOZZLES
-LEACHING FROM PIPES, FILTERS, ETC.
T.0.C. -IMPROPER ION EXCHANGE MAINTENANCE
-HIGH BACTERIA LEVELS
SILICA -EXHAUSTION OF MIXED BED RESINS
-EXHAUSTION OF RESINS
Dﬁg?kl‘_'sm -DEGRADATION OF STAINLESS STEEL

COMPONENTS

Table 3

Examples of Ultrapure Water Problems

at the Point-of-Use
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