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Deposiion  Rate Monitors
he deposition rate is often an AL AL
important processing variable in BANDPASS
physical vapor deposition (PVD) ' VB RATE ] FILTER
processing. The rate can affect not 4\
only the film growth, but, along with e N vapoRRLOX u PHOTODETECTOR
the deposition time, the rate is often SOURCE 1 . 1 AMPLIFIER
used to determine the total amount of SPUTIERING
material deposited. The quartz crystal
deposition rate monitor (QCM) is the
most commonly useih sity, real-time
deposition rate monitor for PVD
processing.
i SYNCHRONOUS SIGNAL LocKiN ouTPUT
. SOURCE SIGNAL
Quartz Crystal  Monitors

Single-crystal quartz is a piezoelectr
material, which means that it respon
to an applied voltage by changing
volume, causing the surfaces to mo
The amount of movement depends
the magnitude of the voltage. If the
voltage is applied at a high frequenc
(5 MHz range), the movement will
resonate with a frequency that
depends on the crystalline orientatig
of the quartz crystal slab and its
thickness.

Quartz crystal deposition monitors
measure the change in resonant
frequency as mass (the film) is adde
to the crystal face. The change in
frequency is directly proportional to
the added mass. By calibrating the
frequency change with the mass
deposited, the quartz crystal output
can provide measurements of the
deposition rate and total mass
deposited. The frequency change of
the oscillation allows the detection 0
a change of mass of about 0.1
microgram/cr, which is equivalent
to less than a monolayer of deposite
film material.

The quartz crystal can be cut with
several crystalline orientations. The
most common orientation is the AT-
cut, which has a low temperature

i(EingIe-beam atomic absorption deposition rate monitor.

ds
near room temperature. Other cuts
ehave a higher temperature depen-

brdence. Typical commercial quartz
crystal deposition monitors have a

y crystal diameter of abodit in. and a
total probe diameter of about one in,
The crystal is coated on both faces i

nprovide the electrodes for applying
the voltage and is generally water-
cooled to avoid large temperature
changes.

dThe QCMProbe
Ideally, the QCM probe should be
placed in a substrate position. This i
not always possible because of the
size of the substrate, fixture move-
ment or system geometry, so the
probe is usually placed at some
position where it samples a portion @
the deposition flux. The probe

f readings are then calibrated to total
film thickness deposited. As long as
the system geometry and vaporizatic

dflux distribution stays constant, then
the probe readings are calibrated
within a deposition run and from run
to-run.

The QCM probe can be shielded s

that it will sample the deposition flux

dependence of its resonant frequeng
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yfrom a small area. Several monitors

can then be used to independently
monitor the deposition from several
vaporization sources close to each
other. The output from the monitors
can be used to control the vaporiza-
tion rates, as well as the deposition

otime.

QCMConcerns & Considerations
The major concerns with the use of
QCMs are:

* Calibration with the actual
deposition flux,

* Probe placement,

* Intrusion of the probe into the
deposition chamber,

e Temperature rise, if the probe is
not actively cooled, and

» Calibration changes associated
with residual film stress and film
adhesion to the probe face.

bn  Probe positioning and calibration

are particularly difficult problems in
sputter deposition, where the source-
substrate separation is small and the
areas are often large. The total

aresidual film stress, which changes

with film thickness, can change the
elastic properties of the quartz crystal
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and, therefore, the frequency calibr
tion. In some cases, the magnitude
the change can be more than the ef
of the mass change.

The presence of film stress and its
effect can be determined using two
QCMs that have different crystalline
orientations, which means they will
have different elastic properties. If
there is no film stress, then the prob
readings will be the same during film
deposition. If not, then film stress is
probably a problem that has to be
considered. Care must be taken in
using this observation, because the
stress in the film on the probe face
may not be the same as the film stre
present in films deposited on the
substrates.

Often, QCM probes are used for
several deposition runs. If the film
deposited on the probe has absorbe
gases or water vapor between runs,
then desorptions of these gases and
vapors during the deposition can
affect the calibration.

lonization Rate Monitors
lonization deposition rate monitors,
although commercially available, are
not commonly used. These monitors
compare the collected ionization
currents in a reference ionizing
chamber and in an ionizing chamber
through which the vapor flux is
passing. By calibration, the differen-
tial in gauge outputs can be used as
deposition rate monitor.

In electron beam (e-beam) evapor
tion, the ions that are formed above
the molten pool can be collected ang
used to monitor the vaporization rate
The optical emission of the excited
species above the e-beam vaporiza-
tion source can also be used for rate
monitoring.

Atomic Absorption  Spectrometry
Some of the new commercial depos
tion rate monitors use optical atomic
absorption spectrometry (AAS) of th
vapor as a non-intrusive rate monito
ing technique. In AAS, a specific
wavelength of light, which is ab-
sorbed by the vapor species, is
transmitted through the vapor flux ar
compared to a reference value.
A simple single-beam atomic
absorption deposition rate monitor ig
shown in the figure. The light source
is typically a hollow cathode gas-
discharge lamp (HCL), with a cathod

j{vapor to be measured, and an outpy

fthat is the optical emission spectrum
eof the cathode material. The light
source emits a spectrum of radiation
and the bandpass filter (or mono-
chrometer) eliminates all the radiatig
but the wavelength(s) of interest.
Copper, for example, absorbs (emitg
strongly at 324.7 nm and 327.4 nmi
e the near-ultraviolet. The amount of
light absorbed by the beam depends
on the density of the vapor flux along
the light path.
Calibration is necessary to relate

n

)

-

rate. By using a feedback loop to the
sgaporization source, the vaporizatior
rate can be controlled. Detection andl
control of deposition rates as low as
0.1 monolayer/sec have been re-
ported. The technique is most
dsensitive at low flux densities (<10A
sec). By using several HCL light
sources, several vapor species can
monitored at the same time.

The AAS rate monitoring techniqu
has the advantage that it is non-
intrusive, can be used in small
volumes, in closely-spaced regions,
and close to a surface. Problems with

a)
-

are in obtaining an HCL light source
calibration drift, changing transmis-
sion of the optical windows, light
source instability, optical alignment
shifts, and detector drift. Many of
&hese problems can be avoided or
minimized by using a two-beam ratig
adetection system and periodic
calibration during the deposition.
NOTE: The optical spectrum is
.defined as the visible and near-visib
wavelengths (radiation) and the
extreme limits are taken as 0.1
microns (uv) and 30 microns (infra-
red), with the spectrum visible to the|

microns resr
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that is of the same material as the
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the absorption to the actual depositimrf’

h®

using the atomic absorption technigye

e

human eye being from about 0.45-0{ #

enforcement seems to exist. This
should not, however, be an indicator
to employers that there is not enforce-
ment. Quite the opposite—OSHA
looks at each situation independently
and then decides how to proceed.
They can always lean on the “General
Duty Clause” as a means to cite an
employer when they believe that all
practical options to limit exposure
have not been attempted.

In summary, the issue of which

EL or TLV to use for non-regular
work shifts is a contentious one, even
for the regulators. In this column, we
have suggested a couple of options for
modifying the PEL or TLV to
accommodate extended exposure
times. This, however, must be handled
carefully because of the differences in
how compounds may act upon the
ody. Close medical monitoring and
emphasis on exposure control mea-
sures are strongly recommendedr
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