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ompanyandiSolutions Provider:

A Approx. 1,000 employees in Germany A No competitor overlaps in more

(Manufacturing, PASS & Sales than 20% of our business

Organisations) A #1 or #2 in our major markets
A 10,500 employees WorIdWide A 75% Of revenues recur

(Dec. 2010)

: : A 28 Manufacturing plants
A Huge portfolio of proprietary worldwide

technologies i over 1500 patents
A Market and process intimacy

A Unmatched fluid management and
applications knowledge
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Life Sciences $1,238

Medical
$400

BioPharmaceuticals

$620
Food &
Beverage
$218
Energy
& Water
Microelectronics $480
$266
Aeropower
$418

Industrial $1,164

Pall Total Sales: $2,402
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Gas purification is used to remove molecular

Impurities such as oxygen, moisture and carbon
oxides from process gases which cannot be
removed with particle filtration.

State of the art purifiers can reduce these
Impurities from a wide variety of process gases
to <1 ppb.
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Almprove process consistency

Almprove product quality

AProtect process from impurity spikes caused
during maintenance, cylinder change-outs

AQuicker tool start-up and purge times

Almpurities can react with parent gas to form
particles e.g. siloxanes

Almprove component lifetime
ACorrosion
AParticle Formation (Siloxane)
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2. Gas Purification Applications
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The Challenge:

AMolecular contamination in hydrogen and silane
gases used to form silicon film or anti-reflective
coatings can lead to a number of process
problems including non-uniform coating and
defects from particle formation.

ASuitable media purifies hydrogen and silane gases.
Moisture and oxygen are reduced to <1 ppb.

ASome purifiers have also demonstrated the ability
to remove trace levels of siloxanes and dopant
metals such as As, P, Al, B from silane.
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Potential Problems:

APresence of moisture, detrimental in itself, can foster
the formation of siloxanes in silane gas

ASiloxanes can aggregate and form particles
throughout the gas delivery system, including
downstream of the final filter
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The Solution

The utilization of purification on SiH, lines will reduce
moisture and siloxanes to sub ppb levels

AThe formation of siloxane particles downstream of
the filters as well as on the substrate is reduced or
eliminated

AEach purifier assembly shall also contain an
Integral particle filter
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AThe following two slides show the APIMS*
Spectra in silane gas. The first without
puri fication and the seconc
purification.

ASiloxane peaks are at mass per charge (m/z) of 77
and 109

AFirst moisture peak is m/z of 18

*APIMS = atmospheric pressure ionization mass spectrometry
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Tohoku Univ. SiH4 Cylinder API-MS Spectra (2001.08.28. 0.54)
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Tohoku Univ. SiH4 Cylinder API-MS Spectra (2001.08.29. 3.06)
Hydra Purifier-028 after SiH4 + H20 500ppb/50ccm addition m/z31:m/z63=2:1
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The Challenge:

A Moisture in HCI or HBr can lead to corrosion in gas delivery
systems

Potential Problems:

A Moisture can result in siloxane particulate contamination during
the process of manufacturing trichlorosilane from HCI or HBr gas
and silane

The Solution:

A Suitable purifier medium is highly effective in reducing trace
moisture to < 15 ppb (HCI) and <50 ppb (HBr)
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AresKleen™ HCLP Purification Material: Efficiency Testing
GASKLEEN® PG550 (part # GLPOHCLPVMMA4) Instrument: Tiger Optics Laser Trace® CRDS
Tested at 31.2 psia, 1.0 slpm (100% HCI) August 2008
Influent Concentration Approximately 5.6 ppmv H20
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Mini Gaskleen® Purifier containing AresKleen™ HBRP Material
Moisture Challenge at 1.0 slpm (HBr:AR mixture of 90:10) Tested 2009

Outlet Moisture (ppb)

Inlet Moisture (ppm)

12.0

10.8
9.6

Tiger Optics LaserTrace CRDS used to measure
trace moisture in outlet (LDL in HBr = 50 ppb)

Outlet H,0 (ppb)
N
3

200

100
50

150 +jt //

Challenge Started

Purifier By-Passed

8.4

7.2

Teledyne Model 8800 Hygrometer used to
measure moisture in Argon used for inlet
challenge (value shown is after dilution)

Purifier By-Passed

/

6.0
4.8
3.6
2.4
1.2

'y

0™ ;V_"‘""L

i\ N

1400

1800

2200 2600

Pall Corporation

3000

3400

0.0

3800 4200 4600 5000 5400

Time (mins)

5800

19

Inlet H,0 Challenge (ppm)



Gas Purrification flor
CIGS Thin-Fillmm Deposilion
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The Challenge:

Contaminants from bulk argon and gas delivery
system components are often adsorbed to the
chamber walls under atmospheric conditions.

However these contaminants tend to desorb at the
operating pressures at elevated temperatures.
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Potential Problems:

AThese trace contaminating gases can cause defects
In the thin-film layers

ALonger pump-down times

AOxygen contamination can lead to uncontrolled
oxidation of metal layers and metal targets

ACarbon contamination can result in the formation of

thin polymer films on chamber walls and metal
surface layers
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The Solution:
Argon purification removes moisture, oxygen,
carbon monoxide, carbon dioxide and hydrocarbons
thereby:

Aimproving film quality

Areducing outgassing, leading to faster pump-down
times

Aimproving yield and throughput thereby improving
cost-of-ownership
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a0 GasKleen 11 Purifier (GLP2INPVMMA4)

FirstMass-LastMass = 3-100 : DATE = 03/22/2004 : TIME = 11:29:11
Gain : Auto, Speed: 0500, Repeat: 003
3/22/04 Pall Gaskleen Il installed :20, 20ppb Mixed Challenge 4:21, 21:01 Removed Challenge
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Poiint of Use Gas Puriication fior
Atomic Layer Deposiiiion Processes
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The Challenge:

ALD is arelatively low temperature process,
molecular contamination has a greater negative
effect on film quality and throughput

Ahigh purity inert gases still contain combined water
and oxygen as much as 2 ppm

Pall Corporation

27



] ;Gas RPurification forr Atomic Layer
| D2ogosition Progassas

l‘m: et

Potentlal Problems:

Atrace contaminants in the purge, carrier and
reactant gases that are physisorbed to the reactor
walls

Amolecular contamination in carrier gas such as

hydrogen could disintegrate precursor species and
be deposited onto reactor walls
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The Solution:

The placement of purifier assemblies in the purge,
carrier and reactant gas lines directly prior to reactor
entry

Apurifiers will remove gaseous contamination such
as water, oxygen, carbon monoxide and carbon
dioxide to sub ppb levels

Aimproving yield, throughput and thereby improving

cost-of-ownership
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