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Improve Your Sputter Process
by Better Water Vapor Pumping

A new technique helps to reduce the water present in your vacuum system.

Don Friede
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Key Technologies:

e Sputtering
¢ Cryopumping
¢ Water Vapor Removal

At A Glance:

The addition of a cryogenically-
cooled water vapor pumping
surface placed directly in a sputter
process chamber dramatically
improved time to achieve base
pressure and film reflectivity. The
system retrofit required no
downilime and regular mainienance
is minimal. This article discusses
the significance of waler in vacuum
systems, the changes made to
optimize waler vapor pumping, and
the testing done (o verify system
performance.

Applied Vacoum Technology
Part I1I: Containment

F or any well-sealed
vacuum system,
the level of base vacu-
um and the time teo
reach the base are pri-
marily a funetion of
water outgassing from
the surfaces of the sys-
tem and the availahle
water vapor pumping
speed in the chamber.
Water is a polar mole-
cule that bonds tena-
ciously to any surface.
Upon exposure to
atmosphere, the sur-
fuces in 4 vacuum sys-
tem become “coated”

Water pumping
surface

Water Vapor Coated Surfaces
in a Sputtering System

Sputter sources

" Loadlock

Door shown open

with many tens of

monelayers of water. 1. After being exposed to atmosphere, the surfaces in d vacuum
The water evolves, or system become “coated”™ with many tens of monolayers of water.

outgasses, trying to

maintain an equilibrium pressure as
the vacuum pumps remove the water
molecules not attached to the walls.
Starting at a vacuum level of severai
Torr or so, this desorbing water is the
dominant gas load to the system. The
vutgassing rate and the effective water
vapor pumping speed determine, in
nearly all cases, the pressure-time his-
tory of the pumpdown.

In addition to limiling pumpdown
times, water, either adsorbed on the
surfaces of the system or present as
vapor in the vacuum space, can have
deleterious effects on processes,
chemistries, defects and particles.
Therefore, reducing water present in
the vacuum system is of prime concern
for most viaeuum ugers.

There are three strategies available
for minimizing the amount of water:

» minimize expogure of the process
chamber walls to water

« drive the adsorbed water off quickly
(increase outgassing rate)

+ pump the water vapor off faster

(increase pumping speed).
Minimizing the chamber’s water
exposure requires, in the ideal, a
staged series of chambers of ever-
inereasing vacuum levels, as in cluster
tools. Another approach is to use a dry
gas purge of the system when venting
to ambient, Increased outgassing
requires the application of sufficient
energy to detach the molecules from
the walls, as in baking or the use of
plasma precleans. Increased speed
results from the addition of more or
better water vapor pumps, or from
improved chamber layout designs to
improve gas availability to the pumps.
We adapted the strategy of increas-
ing water vapor pumping speed by the
addition of a single stage, closed loop,
helium refrigerated On-Board Water-
pump installed on an existing small
port (Fig. 1). By placing the pump’s
large c¢ryogenically cooled surface
directly in the system and attaching the
refrigerator to it through the small
port, we added much more water vapor
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2. Tests comparing pressure histories with and without the added
water pump for a clean sysiem, direddy following a system clean

and target change.

pumping surface than was available
with the port alone and minimized con-
ductance losses between the chamber
and the pump. Since o ervogenic sur-
fuco ix the most effective means to
pumyp water vapor, this design strategy
muaximized effective wuater vapor
pumping =peed,

Process

The system that we modified was 2 Var
fan A0 eputterer that deposits filmain
A continuous serial mode. The particu-
Lar system tested here was chosen
hecwuse it deposits aluminum aned tita
ninm for all single and doubie Laver
processes, thus being indicative of the
mo=t comimaonly u=ed sputter confipu
rations. One or two cassettes of wafers
are placed on g load station: the wafers
are fed sequentially through the
process chamber by means of a transfer
plate, The transfer plate rotutes clock-
wise and steps the water through four
provess stations,

The first station 1= an rfeteh, the sec-
ond i= titanium depoxition and the third
and fourth are dduminum deposition
stations, Any combination of stations
can process walvrs tndependent of Lhe
other ~tation-. After the walers hue
tepped through adl four process sta
Lo, they return to the waler cassette,

o praduetion, the system’s baseline
operattonal cvele between tarvet
changes proceeds as followss After the
machine regches aty pical bise vacuum
of 5.0 < 107 Torr in 15-20 hys, 2everal
Butelies of witfers are processed to clean
and condition the sv=tem and chech out
process perartieters. The machine then
prowessc~ produet full tine for approx-

pump takes about 23

imately 10 days until requiring a target
change. The change takes roughly 4
hrs, during which time normal mainte-
natee {e.g., eryvopmp regeneration)
LS,

Performance testing

To ohserve system perfornunce with
and without the added water pump, we
s the following test sequence:

« Pump chamber to 2 ~ 107 Torr.

« Vent chamber with nitrogen.

« Open process chamber door for 30
min.

Pump down to base
pressure took 23 hrs
without the added
water pump, and
about five hrs with it.

o Close chamber, rough ping
» Initiate timing when hi-vae valve
apenedd.

We trached total pressure with a
Bavard-Alpert don gange and <elected
species” partial pressures with a Ley-
bold Inficon H2Z00M residaal gas analyve-
er tRGA L These were tracked only until
thie totud pres=ure reached H < 107 Tory,
The ambient conditions during all test-
ing woere 71T F and 39-409 relative
humidity.

The first pair of tests, Hustrated in
Fig. 2, compares pressure histories
with and without the added water

3. Pumpdown of a coated vacuum system without the added water

firs, but ondy 9.5 hrs with the pump.

pump for a elean system, that is, direct-
Iv following a sv=tent clean and target
change, The total pressure and water
partial pressure track with the same
slope. At any time, the total pressure
with the added water pump i= about one
third that witheut the pump. In this
Lost, pump down to hase pressure Ltook
23 (projected) hrs without the added
water pump and about 5 hres with it.

A second set of testa illustrates pump
down effects on a conted chamber, e,
one that has had =ome sy=tem incident
boetween seheduled target changes that
necessitates unplanned breaking of the
chumber vacuum and expozing it to
atmosphere. To simulate this event, we
repeated  the test protocol after
depositing aluminum on 670 wafers and
titanium on 250 wafers. As shown in
Iig. #, the pumpdown without the
added water pump takes, again, 23 hes,
and with the pump 9.5 hrs. Note also
the effeet of turning the water pump on
al 23 hrs in the apper curve; following a
short conl down period. the water par-
Hal pressure and the total pressure fall
rapidiy.

Witer was alimost abways the majori-
ty component of the systen pressure as
menasured on the RGAL With the added

water pump the partial pressure of

waler deercased nearly a decade in
some eases, so that it became compara-
ble in magnitude to the hyidrogen peak
il base pressure.

Reflectivity

A ker mews=ure of metal {ihn gquadity is
reflectivity, Gaseous or particulate
contamination can form discontinuities
irt the film, =caltering incident light and
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Varian 3190 Target Mount Waterpump
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Varian 3190 2 3/4” Etch Accessory Port
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Varian Viewport Mount
On-Board® Waterpump



