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ABSTRACT

To meet the demands for improved throughput and wa
vapor management in smaller batch and load locked vacu
PVD coating systems, IGC-Polycold Systems Inc. develop
the PFC-330 ST fast cycle in chamber water vap
cryopumping system. The PFC-330 ST utilizes mixe
zeotropic refrigerant technology to cool a tubular in cha
ber cryosurface. Water vapor can be pumped to a partial p
sure of 1 x 10-9 torr with this unit and to 1 x 10-11 torr with the
PFC-330 LT (low temperature) version. Water vapor pum
ing speeds potentially greater than 30,000 l/s can prov
radically reduced pump down times and gains in produ
throughput. In the same process time intervals the PFC-
can allow background water vapor pressure to be reduced
an order of magnitude or more. The PFC-330 series featu
ultra-fast regen capability to permit full or partial cryosurfac
regeneration in short substrate load and unload time in
vals. Capital costs are readily recovered through enhan
system utilization. Integrated with the system pumping pa
age, the PFC-330 allows for the use of smaller turbomolecu
cryo or diffusion pumps. In certain PVD coating systems t
PFC-330 may be used with a small turbo pump to handle
high vacuum pumping requirements. The PFC-330 featu
an optional isolated control interface to permit automa
control by remote low voltage signal from system compu
of PLC master controls.

INTRODUCTION

In most vacuum processes, water vapor is the predomin
residual gas once the system has been rough pumped. D
continual outgassing from chamber and substrate surfa
water vapor typically comprises greater than 90% of the 
tal residual gas load. To minimize total pump down time 
base vacuum, it is therefore essential to have the highest 
sible pumping speed for water vapor.

The need for high pumping speed increases dramatically
the process driven base vacuum level becomes deeper.
example, a process requiring a 1xE-6 torr base vacuum will
typically require a 10X increase in high vacuum pumpin
time compared to a process requiring a 1xE-5 torr base
vacuum. When low base vacuum levels are required, the pu
down time often constitutes a major portion of the over
509© 1998 Society of Vacuum Coaters 505/856-7188
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process cycle. As 90% of this high vacuum pumping is ty
cally water vapor, the need for high speed water vapor pu
ing is of paramount importance.

By a very large margin, the most effective method of achi
ing high water vapor pumping speed is through the use o
in chamber or in plenum cryosurface. The optimu
cyrosurface is one composed of continuous tubing. Tubi
with its high surface area to volume ratio, permits the op
mum combination of high pumping speed and ultrafast tr
sient thermal response. Cooling occurs by passing a c
genically cooled medium through the tubing. Tubing can 
bent to form a cryosurface with almost any net shape, ther
allowing easy integration into almost any vacuum syste
Such a cryosurface is referred to as a “cryocoil,” while h
torically it was termed a Meissner coil. Historically liqui
nitrogen was the usual cryocooling medium, but for the p
twenty years the vacuum industry has moved to the econo
cal use of closed loop cryogenic refrigeration systems t
circulate a mixed zeotropic refrigerant through the coil. IG
Polycold Systems Inc. has been the dominant manufact
of such closed loop cryogenic refrigeration systems. IG
Polycold manufactures a broad range of such high speed w
vapor cryopumps, collectively designated the PFC ser
These units have great cooling power and permit extrem
fast cool down and warm up (regen) of the cryocoil. Th
combination of factors permits direct in chamber use, ev
in non-loadlocked batch vacuum chambers.

Optical coating, both precision optics and opthalmics, is
prime example of a process where the pump down cycle c
stitutes a significant portion of the overall process cycle w
dramatic impact on throughput. Base vacuum levels are t
cally in the E-6 torr range and pump down to base vacuu
can constitute a large portion of the total process cycle
the semiconductor and the magnetic thin film head ind
tries, base vacuum levels are often in the 1xE-8 torr range or
deeper and total pump down time can be great relative to
actual deposition cycle. This latter situation generally d
tates the need for load locks in addition to high speed w
vapor pumping.

Many of the process chambers used in production of b
precision optics and opthalmics, as well as in thin film he
37-5921
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and semiconductor metallization, are relatively small. To m
the extreme need for high speed water vapor pumping
smaller batch and load locked evaporative, sputter and
beam deposition systems for such applications, IGC-Polyc
has developed the PFC-330 series. The PFC-330 complim
the larger models in IGC-Polycold’s line of PFC fast cyc
water vapor cyropumps, which are used in larger vacu
system applications.

FEATURES OF THE PFC-330

The PFC-330 ST is illustrated in Figure 1. This unit has b
commercially available for 6 months. Identical in appe
ance is the PFC-330 LT, a lower temperature version for d
base vacuum requirements. The PFC-330 LT will make
commercial appearance in the coming months.

Figure 1. PFC-330 ST Wafer Vapor Cryopump.
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These systems achieve fast thermal response by circula
refrigerant at high pressure and velocity. A single compress
is utilized to keep internal moving parts to a minimum, whic
in turn assures extremely high reliability. The fast thermal r
sponse translates into extremely fast cryocoil cool down tim
and extremely fast heat up for cryosurface regeneration. R
generation of the coil occurs in under 3 minutes, while co
down to deep cryo-temperature is achieved in 4 minutes. I
this capability that permits placement of a cryosurface direc
in the process chamber in the case of non-loadlocked ba
coating systems. Regen is readily performed in the time int
val intermediate to successive batch loads.

The PFC-330s feature full remote control capability. Wit
an optional isolated electrical interface the unit may be co
trolled by low voltage AC or DC signal from a PLC or othe
computer control system. The PFC-330s are available in C
Marked version for European application.

The PFC-330s utilize a proprietary non-flammable CFC-fre
refrigerant that meets all environmental regulations dictat
under the Montreal Protocol through the year 2020.

The PFC-330 features a floor footprint of only 24" x 22"
allowing easeful integration in clean room wafer fab env
ronments. The refrigerant line is semi-flexible for easy in
stallation and is available in a standard closed cell foam 
sulated version or in a vacuum jacket insulated version. T
vacuum jacketed line has virtually no thermal loss, and th
feature permits the PFC-330 to be placed at significant d
tance from the vacuum process system.

PERFORMANCE AND APPLICATION

Optimizing Pumping Speed
Net pumping speed in the high vacuum regime is charact
ized by the by the following relationship:

1/Snet = 1/C + 1/Spump

where C is the geometrically dependent molecular condu
tance to the pump. To achieve high net speed, both the sp
of the pump and the molecular conductance must be ma
mized. Conventional high vacuum pumps such as cryopum
and turbo pumps are limited in terms of their gross pumpin
speed, but they are also limited due to conductance rest
tions inherent in their use. Both these types of pumps m
be outside the vacuum chamber and in the case of cryopum
definitely isolated by a high vacuum valve. The conductan
of the pump orifice and the offset due to the pump orific
high vacuum valves, etc., further restrict the attainable n
pumping speed. If the pump port is remote from the chamb
due to a plenum, deposition shields, etc., further reduction
net speed seen at the chamber results.
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The PFC-330 overcomes such conductance restrictions
cause the cryosurface may be situated directly in the ch
ber, or in some cases in the plenum in a position imme
ately adjacent to the process chamber. In addition, the c
paratively great cooling power of the PFC-330 permits 
use of a large total cryosurface. Pumping speed is dire
proportional to total cryosurface area.

The result is pumping speeds for water vapor that are sig
cantly greater than can be obtained by any other pump
method. Because water vapor is usually 90% of the ba
the overall pump down time for the system is greatly reduc
The high thermal load capability the PFC-330 also in ma
cases permits the use of an in chamber cryosurface in vac
process where the deposition chamber must be at elev
temperatures. Optimally configured radiation shields c
often be employed that mitigate the thermal load while s
allowing great conductance of water vapor molecules to 
cryocoil. In plenum placement is an alternative in the cas
hot deposition processes.

The PFC-330 is typically paired with either turbo pumps
cryopumps, which must pump the smaller 10% (typical) d
gas load, as well as hold process pressure in the case of
tering processes. As the PFC-330 selectively pumps w
vapor with high speed at typical sputtering process pressu
background water vapor partial is kept much lower, and 
has been observed to enhance thin film physical and 
chanical properties in many applications.

Figure 2. Comparative pump down curves for a sputter sys
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The PFC-330 can be paired with a turbo pump, thereby elim
nating the need for conventional cryopumps and their ass
ciated regen in many applications. Alternatively, when paire
with a cryopump it can permit the downsizing of the
cryopump as it need only handle the smaller dry gas load

Regeneration
As indicated, the PFC-330 is capable of regenerating a ty
cal cryocoil in less than 3 minutes, which allows in chamb
placement in batch coaters. Regen typically is programm
to commence the instant the vacuum system is put into 
vent cycle. Full regeneration is generally completed by th
time the chamber door is opened. With a typically size
cryocoil a dwell period in standby mode of 5 minutes is re
quired. This can be the time during which the chamber 
unloaded, the new load is put in and the chamber is th
rough pumped. The PFC-330 is put into cool down mode a
preselected time during the roughing cycle, typically whe
pressure reaches a few hundred microns. Cooling of t
cryocoil to -120°C takes 4 minutes. High speed pumping 
water vapor begins almost instantly as the cryocoil tempe
ture is always below the equilibrium water vapor pressure
the chamber in any real instant of time. With cryocoils in th
process chamber of load locked systems, regen need o
take place infrequently, perhaps once a week during rout
maintenance, etc.

m.

Figure 3. Comparative pump down curves for an opthalm
coating system.
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Pumping Performance
The water vapor pumping speed for typical PFC-330 ap
cations is 20,000 l/s net. Significantly greater pumping spe
can be realized in given applications by using larger cryoc
with some attendant sacrifice in cool down speed.

Figure 2 illustrates comparative pump down curves for a s
ter deposition chamber utilized in thin film head producti
using an 10" cryopump with and without a PFC-330 ST u
The time to reach a base vacuum of 1xE-7 torr after chamber
opening was reduced from over 24 hours down to appr
mately 2 hours. Process throughput was increased dram
cally. Figure 3 shows pump down curves for a batch opt
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coating chamber pumped to 1xE-6 torr with the PFC-330 and
a 10" cryopump and with cryopump alone. Here pump dow
time to base vacuum was reduced from over 30 minutes
approximately 9 minutes. The overall process cycle was 
duced by 30%.

To date, the PFC-330 ST has been commercially utilized 
precision optical coating systems, opthalmic lens coatin
systems, thin film head sputter deposition and ion beam de
sition systems, semiconductor thin film metallization sys
tems, evaporative systems for growing compound semico
ductor devices and crystals for laser telecommunicatio
applications, and a number of other similar applications.
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