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Abstract:

Many lithographic tools require carbon-free vacuanvironments. A commercially available
low-power (<20W) downstream plasma system whichdpces oxygen radicals in the 0.2-0.6
Torr pressure range has been shown to be effectivemoving carbon contamination from
standard SEM and FIB tools. However, in largeteys such as wafer or mask inspection tools
the extent of cleaning in this pressure rangenstéd. A new downstream plasma system
optimized for larger chambers has been developadhwdperates at higher power and lower
pressure. Cleaning rates of over 1 nm/minute hae& measure from over 0.5 m away from the
plasma source.

There is a need for greater resolution in metrolagysemiconductor manufacturing
moves further into nanoscale features. One probéfacting the resolution of critical
dimension scanning electron microscopes (CD-SEMspntamination on the sample and inside
the microscope itself. The electron beam in a CDASEan crack any carbon compound
adsorbed on the sample surface which its beam amieing. After cracking, these carbon
compounds will reform as less mobile and higheraoallar weight molecules; they will remain
on the sample or optic surface. As the carborrlgg@ws, it will adversely affect the secondary
electron signal and lead to changes in criticaletision measurements. For CD-SEMs, this
build-up of carbon will detrimentally affect the amirements made by the tool. Similar to CD-
SEMs, an extreme ultraviolet (EUV) beam can alsckradsorbed carbon compounds on an
EUV optic or mask. For EUV optics or masks, theboa will attenuate EUV light and decrease
the reflectivity of the optic or mask. A decreadeonly a few percent reflectivity, which can
occur with only 10-20 nm carbon layer, will rendem EUV tool unusable for high volume
manufacturing.

XEI Scientific has designed new prototypes of thadfron D-C, increasing in the size of
the hollow cathode. This increase allows for operabf the unit at higher power and lower
pressure. The picture below shows a comparisomele® the standard hollow cathode (on the
left) and two prototypes. The first prototype,ledlthe “Long”, increases the length of the
hollow cathode 2x. The second prototype, called‘@fumbo”, increases doubles both the length
and the diameter of the hollow cathode. All thpeetotypes are made from aluminum, and the
size of the numerous small holes around the hotlathode is unchanged between the standard
hollow cathode and the prototypes.
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Pictures of the system are seen below. The chacdnsists of two sections. The first section is
a cylinder 35.5 cm diameter and 63.5 cm length. o®& end of this section is a KF40 port for
the Evactron D-C. The “Jumbo” version of the EvatD-C is seen in this picture. The
Evactron D-C also includes an impedance matchegsthox), a pressure sensor and a leak valve
assembly. The other end contains ports for quantystal monitors (QCMs) which are used for
cleaning rate measurements. Once in place the Q&®1<¢l0 and 55 cm from the KF40 port
used for the Evactron D-C. Also on the end with @CM ports is a 4.5” diameter, 15 cm long
connecting port to the second section of the syst&his second section is a “tee” which is 33
cm in length and has 14 cm diameter subsectionisasl a second pressure sensor and a 250 L/s
turbomolecular pump (TMP) attached to it. Als@Q@M can also be placed in this section such
that the QCM is 1 m away from the Evactron D-C port

The contamination layer can be made by the follgmethod: a small amount of
mechanical pump oil is placed into an 11 cm longuwan tube with a leak valve was attached to
one end of the tube. The tube is attached to # sa@um chamber (22 cm diameter and 14 cm
height). Once the chamber was pumped down, thevalwe was adjusted so that the pressure
in the chamber was roughly 0.3 Torr. The tube \ii@s theated, and the deposition of HC onto
the QCM was monitored using a QCM monitor. Onaifficient layer has been deposited, the
heating is stopped and the system is allowed td glaghtly. Previous experiments have found
that for large layers of deposits (~50 nm), durihg initial phase or remote plasma cleaning
there is a period in which the contamination lagesws. Therefore, an Evactron D-C remote
plasma is operated to allow the growth phase toitsirtourse before starting cleaning rate
measurements.
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Rates were determined with the QCMs at the 40 arb&ncm positions. The QCMs are
positioned so that the active surface of the QChbisiting away from the center line of the
cylinder of the first section of the vacuum chamb¥fith the Evactron D-C positioned at the top
of the vacuum system, as seen in Figure 3, the Q&Blslose to the line-of-flow between the
Evactron D-C, where the gas leak into the systecnisg and the vacuum port. For all
experiments discussed in this paper, the TMP wastlow speed setting with the maximum
rotational speed at 37 krpm. The plasma gas iceakks was room air.

Four experiments were performed to determine teanthg rates of the Evactron D-C
with the standard electrode. The results are shbglow. Above each set of data are the
pressure readings taken using the pressure sengbe “Tee” section of the vacuum chamber
near the TMP. The maximum cleaning rate for taad4rd electrode is 5 Angstroms/minute.
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Cleaning rates using the “Long” electrode were meast a pressure range from 2-15
mTorr, measured at the pressure sensor near the aMPa power range from 20-40 W. The
data on the following page shows an increase ianatg rates as the power is increased and the
pressure is lowered, similar to what has been dexbrin previous remote plasma cleaning
experiments [5]. Another trend to note is thathespressure increases the differences between
the cleaning rates at 40 cm and 55 cm decreasis. trf€hd confirms that more uniform cleaning
in a large vacuum chamber will occur while opemtithe Evactron D-C at a lower pressure.
With the long electrode the maximum cleaning rdi@imed was around 8 Angstroms/minute at
40 cm and around 7 Angstroms/minute at 55 cm.



Evactron D-C Cleaning Rates, Long Electrode
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With the “Jumbo” electrode, the Evactron D-C caerape at chamber pressures down to
1.25 Torr (measured near the TMP) and powers Ug0tdV, as seen in the figure below. The
larger electrode creates a larger plasma volunte cleaning rates in excess of 1 nm/minute at
50 W of power are seen at and below 3 mTorr chapte=msures measured near the TMP. At or
below 3 mTorr chamber pressure the cleaning raté8 am and 55 cm are closely matched, also
confirming that more uniform cleaning is obtaind»elthis chamber pressure. Also below this
pressure level the cleaning rates do not increaggesting that for distances between 40-55 cm
away from the plasma source pressures lower thaT@r will not further increase the rate of

cleaning.
Evactron D-C Cleaning Rates, Jumbo Electrode
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Results of the non-line-of-flow experiments are whoin the graph below. All
experiments were done with the “Jumbo” electrodgh whe chamber pressure measured near
the TMP at 3 mTorr, and with an RF power range betw20-40 W. The QCMs are in the same
location as in the line-of-flow experiments, whichean that during the non-line-of-flow
experiment they are now 45.5 and 59 cm from thecea D-C port. For the QCM closest to
the Evactron D-C, the cleaning rates are comparadteeen the line-of-flow and non-line-of-
flow positions. For the QCM furthest away, the #ime-of-flow cleaning rate is 32% less than
the line-of-flow cleaning rate at 20 W RF power.h& the power is increased to above 30 W,
the difference between the cleaning rates is 6% aad0 W the difference is 15%.
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The QCM was also placed in the “Tee” chamber nearMP ~1 m away from the
Evactron D-C. As seen in the figure below, at 4(RW power and 2 mTorr chamber pressure
(measured near the TMP and the QCM), the cleamitegis measured at ~2 Angstroms/minute.
Decreasing the chamber pressure to 1.3 mTorr iseseathe cleaning rate to ~4
Angstroms/minute. Although there is not a changethe difference in cleaning rates for
distances from the plasma source between 40 acdth58hen the chamber pressure is below 3
mTorr, there is an increase in the cleaning rateratdistance from the source when the pressure
is decreased from 2 to 1.3 mTorr.

Cleaning with Evactron DC,
Jumbo Electrode, Distance=1m
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Conclusion:

New prototypes of the Evactron D-C have been shovgrovide excellent cleaning of
large chambers such as those used in CD-SEMs aNd@&dls. These prototypes have a more
powerful RF power generator and a larger hollovhadé. At 0.5 m from the Evactron D-C
plasma source cleaning rates greater than 1 nmienirave been measured. At 1 m away from
the plasma source, chamber pressure at 1.3 mTord@W RF power, a cleaning rate of 0.4
nm/minute has been measured. Also, uniform clgpover a range of 15 cm has been seen
when the chamber pressure is below 3 mTorr. Fuwtor& will focus on several outstanding
tasks. First, a beta version of the Evactron DHD ¥he “Jumbo” source has recently been
developed with a more streamlined footprint. &litests indicate even greater cleaning rates.
Second, plasma gases such as hydrogen gas neetestdd. Third, the effect of different
pumping speeds, which in turn affects the flow thteugh the Evactron plasma, needs to be
explored in order to provide a more complete pewifrhow the new Evactron D-C operates.



