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~ Reducing cost by choice

As global economic realities ensure solar
manufacturers seek every possible
- advantage in improving product while rystalline silicon technologies are

v likety to continue their domination of
Ucing cost. Mike EDQBI', Strateglc photovoltaic (PV) device production for the

Mﬂﬂfﬂﬁﬂg Mﬂl"lager, Edwards and foreseeable future. The processes used to create
= erystaline siicon substrates (both mono crystalline
Mhlhisa Wakamatsu. Pl‘Diect Mﬂnager and multi crystaliing) requira vacuum, and choiCes
at Umoe Solar discuss how vacuum design made in vacuum lechnology and system design
¥ i t can significanily impact the production cost of the
considerations can help reduce Cost ez e '

of Ownership in crystalline
Silicon waler manufactures have many things to

S“Imn mﬂnufactij Flng. consider as they set up their manufacturing
v facilities. A key choice is the type of
water they will produce and whether
the ingots they produce will be
single or multi crystaliing. This
fundamental decision drives
Iheir choice of ingot
manufacturing tooks.
The two mainsiream
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Edwards process knowledge, flexibility and technical expertise
within the solar industry are key factors in helping you maintain

delivery and quality requirements.

s Low cost of ownership vacuum technologies

» Wafer/silicon etching and cleaning equipment

= Global service capabilities

« Over 500,000 pumps and 5,000 abatement products installed worldwide

Edwards is your global solar partner...




types are a Czochralski (CZ) erystal puller, or a
directional sclidification of siicon {D55) furnacs,

The CZ puller produces boules of single-crystal
silicon that, when sliced into wafers, provide for
high edficiancy (17 to 20 percent) solar cells. The
process time for a boule used for the salar industry
Is typically two days. The mass of the boule starts
out at around 120kg, and then is typically less than
100 kg after it has been shaped, In conrast, a DSS
furnace can process a much larger amount of
silicon in the same process time, typically 450kg
with capabilities reaching up to 800 kg, but the
resulting polycrystalline silcon ingat, when shioed
Into waters, genarally results in a lower efficiency
(13 1o 16 percent) solar cell.

Yacuum Pump Considerations

Vacuum considerations for both processes are
similar, but CZ pullers generally require mare
argon gas at a lower pressure than required by a
0SS furnace. Considerations include not only the
aclual process conditions required inside the
chamber, and the resultant effects on the end
product, but also Bsues related to base pressure,
leak-tightness, pump location and associated
piping. powder managernent and pump type.
Argon, chosen for 1S inert nature, presents
parficular challenges 1o the vacuum pumps
because of ts poor thermal conductivity.

The level of vacuum required and the speed of
evacustion are primary factors in determining the
optimal pump size and type. Fast evacuation is
generally desirable since it reduces overall
processing time and cost, however, excessively
fast evacuation of chambers containing poly-silicon
fines can cause loss of the product into the
vacuum line. In general, laster is better since the
guicker 8 chamber is brought to base pressure,
the soconer the crystallization process can starl. A
Iow base pressura is ganerally required for no
other reason than to conduct a rate-ob-rise leak
test. Oxygen or nitrogen leaking into the chamber
can contaminate the silicon,

Pump location and the design of the piping system
significantly impact evacuation speed. Larger
diameter pipe increases the conductance of the
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== | Figuro 1: Eflects of
Soores B i plping systam design
on pumping speed

system, but also increases the volume of gas to be
avacuatad. Sharter pipe funs, e, pump lbcations
closer to the chamber, are desirabla, however
short pipe runs are only applicable when pumps
with low vibration are used, or where addiional
vibration damgping is provided to noisy pumps.
Figure 1 shows the effects of various piping
arrangements o pumping speed for Edwards’
GX3160/1750 pump. Piping size most significantly
Impacts the pumping speed at lower pressures,
Poor design results in much longer evacuation
time,

Powdcier Management

The moften silicon generates silican vapar that is
pumped away by the vacuum systam, The vapar
forms a powdar when it condenses in the piping
and pump. The powder is abrasive and causes

The level of vacuum required and

the speed of evacuation are primary
factors in determining the optimal pump
size and type. Fast evacuation is generally
desirable since it reduces overall
processing time and cost, however,
excessively fast evacuation of chambers
containing poly-silicon fines can cause
loss of the preduct into the vacuum line
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increased loads and wear in the pump. It also has
the patental to generate hazardous levels of heat
by reacting with oxygen or nitrogen when the
systemn is vented, In panticular, where a guartz
crucible is used, silicon monoxide may also be
generated. Depending on process conditions,
there may be as much as a kilogram af pawder
produced over a two day process cycle. Powder
may be managed by trapping before the pump or
oxidizing it and collecting it after the pump. Either
option requires periodic maintenance, In ihe
of pre-pump trapping, the efficiency of the trap
must be batanced against ts affects on pumping
etficiancy.

Powder handling is a fundamental consideration in
the cholce between conventional oil-seaked rotary

or piston pumps and high perfarmance dry pumps.

Qil-sealed pumps use ol to seal the reciprocal or
rolary pumping mechanism, The initial cost of an
all-sealed pump is low; however, maintenance
casts can mount quickly to generate a high total
cost of ownership. Because the powder becomes
trapped in the oil, the il must be changed
frequently, as often as every two process cycles,
and the pumps must be completely overhauled as
frequently as every montn. Maintenance downtime
reduces productivity, and disposal of the
centaminated oil confributes addiional cost. An od
cleansr unit is an option; however, if too adds
addiional cost as a result of the added slectrical
consumphon and maintenance requiremants. The
relatively low frequency mechanical vibrations
generated by these pumps are readily transmitted
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to the process chamber where they can impact
erystal formation, Rotary pumps also generate
considerable noise.

Dy Pumps

For these reasons, the industry is moving toward
tha adopton of dry pumping technologies. The
mowve follows.a similar transition made by the
semiconductor indusiry a decade ago, Although
their initial cost is higher, dry pumps often
demansirate a lower total cost of ownership, due
largely ta lower maintenance costs, There is no oil
to change or dispose of and periodic maintenance
is required infrequently or not at all depending on
the pump design. Powder handling remains
impaortant, If there is a powder frap mountad bafare
the pump, then pawdar handling requirements
depend on the trap’s efficlency.

Dry pump compressor dessgn is very important,
Dry pumps require tight mechanical clearances.
making thermal management a primary design
consideralion. Unless managed effectively, tharmal
axpansion can reduce the clearance befweaen the

Figurer 2; Vacuum side
of seal {left) shows
significant powder
accumiation. Clean
surface downstraanm of
the seal (right)
demansirates seal
efficiency

Because the powder becomes trapped in
the oil, the oil must be changed frequently,
as often as every two process cycles, and
the pumps must be compietely overhauled

as frequently as every month
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Figure 3: GXST160/1750
rotors with the axhacst
and on the Jeft hamd
Side demonstrales
successiul resull of
running the pump on

a CZ pulter application
wilh nor infed fillter

stator and the rolor causing selzure. This
censidesation becomes even more significant with
high powder loads or when pumping argon
because of s poor heat transfer charactenstics,

Environmental Concems
Modermn dry pumps are designed for optimal
enargy efficiency, reducing operational costs and
emvironmental impact {carbon footprint). They
typically use high speed screws or other types of
pumping mechanisms that are quieter acoustically
and have fess vibration. Advanced thermal design
reduces the volume of water used, when and if
walter coaling is required. Dry pumps have smaller
footprints, optimizing the uiilization of axpensive
fab floor space.

Aotating seals are used within the dry pump 19
prevent contamination of the vacuum space with
lsbricating oil from the gearbox and drive
compoenants. i oll enters the vacuum space, it can
mix with powder in the pump and make a paste
that can cause subsaguent pump falure. Likewise,
the seals prevent powder from entenng the
gearbox, Powder that enfers the gearbox can then
centaminate the bearings and cause premature
failure, especially since the powder in this
application s sdicon, a very hard matenal,

In the semicanductor and flat panel manufacturing
industry, where dry pumps are used aimost
exclusively, it is very common to remately manitor
pump operating parameters, such as temperature,
input power, input current, and rotational
frequency, in order to wateh for trends that may
sugaest pump maintenance may be requirad.
Automated monitoring and data logging has been
used to help plan pump maintenance. Although

nat yet common in the silicon crystal
manufacturing industry, performance manitoring
has the potential to provide simidar benefits.

Although many pumps may address the CONcems
ramed In this paper, an exampe dry pumg from
Edwards is used for illustratove purposes, The
pump incorporates the features required for low
cost of wafer manuiacturing, hagh reliability, and
has excellent ervironmental features: noise less
than 64 dB (A) without a silencer and only a 0.43
m2 footprint. Efimination of tha silencer improves
refiability since the silencer can act as an
unwanted trap of power. Shaft seal efficacy was
confirmed on this pump that was used on a CZ
puller without an inlet dust filter. Figure 2 shows
how the shalt seals have prevented dus! entering
the gearbox, and also prevented oil from enteding
the vacuum space. Such high quality geals lead 10
long service life and, consequantly, lower runming
costs. The rotors of the pump shown in Figure 3
demonsirate how powder was transported from the
Inlet to the outlet effectively, The GXS screw dry
pump has an integral bodster pump that can
handle 120 slm of argon at 10 Tarr, uses only 4 sim
of seal purge, and has an ultimate power of 4.3
KW. With a repeatable powder handling capability
of 750 g, many of the vacuum considerations
discussed in this article are favorably addressed. In
addition, an on-board web server and supported
serial communication protocol provides the facility
with pump operating parameter measurement in
real ime.

Caonclusion

Photovoltaic diwice manulacturers continue thir
quest to achieve cost parity with other energy
production technologies, With the likely prospect
that crystalline silicon technologies will cantinue to
daminate for some time, the industry must leok
closely at the cost of the water manulacturing
processas,

Cholces mada in the design of the vacuum systam
and cheice of pmps used in these processes can
hawe a significant elfect on profit. 1t is important
that the indusiry consider the tofal cost of
ownership as the prmary criterion for these
chalees, including emironmental costs. On this
basis, dry pump technologies are [ikely 10 replace
ofl-sealed pumps in most applications.



