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Going With the Flow

BY HANK HOGAN

Mass flow confrollers (MFCs) carefully meter oul gas,
but they don't operate in a vacuum—in more ways than
one. MFCs are part of a gas delivery chain of components
subject to technological challenges and economic forces.
This 15 particularly true in the large and demanding semi-
conductor market where a typleal gas delivery system has
a hall dozen or maore elements between the gas source and
procéssing chamber. These include an i=olation valve, &
regulator, a pressure fransducer, a flier, an MFC, and
usually at least two other valves,

That chain isn't cheap and is repll-

Traditional mass [low controllers accomplish thetr part by
sampling the gas as it flows by, MFCs are closed-loop sys-
tems and the devices make adjusiments so that the total
flow holds (o a set point. Unfortunately, the measurement
methods react to changes in both flow and pressure, The
latter can fluctuate as tools cycle through process rectpes,
That is why regulators are placed in the delivery chain, The
semiconductor indusiry wants {o eliminate these regula-
lors by enbhancing the design and operation of mass flow
conirallers,
“Processes require insensitvity of

caberd n':lr lanh-rji ower ﬁin. H|1I!|II:II:|3-| ‘“m rlqulr.- the MFCS ldudpr:.ﬂ.au.re perturbations
every module in a processing tool has upsiream and downstream of the MFC.
an assoclated and relatively expensive hl&ﬂ!lﬂ\"lﬂ of the This feature will help the optimization
gas panel, This conventional gas deliv- MFCS and simplification of the gas delivery
ery syslem s the subject of industry- to pressure system while helping with the process
wide serutiny. iﬂﬂl uniformity and repeatability,” explains
“Simplifications of that delivery Ftrh“.hm Kaveh Zarkar, vice president and gen-
scheme are, | think., on everybody's UFI"II"'Eﬂm and eral manager for the material delivery
roadmap,” observes Christopher group of MKS Instruments.
Case, chiel technology officer for downstream of the A pressure insensitive MFC can be
semiconductor process  materials, " buill & number of different ways. One 15
equipment and services specialist for MFC.” Kaveh by Incorparating some sort of pressure
BOC Edwards [Crawley, UK}, zmn gensing inlo the MFC fiself, This can be

For mass flow controllers, there
are several developmenis that rellect
these simplification efforts. Three are
particularly important. The first is the impending arrival
ol pressure insensitive MFCs. The second is the use of dig-
ital intelligence to trim the number of different MFC part
designations. The third is the use of all-nitrogen calibra-
Liom schemies,

However, there's also a factor working against this drive
to do mare for less, MFCs [ace new demands due to the
implemeniation of new processes, such as those wvilving
the use of liguld precursors. These trends are evident in
products from such companies as MES Instrumenis Inc.
(Andover, MA], Hampton, Teledyne Hastings [nstruments
(Hampton, VA], Mykrolis Corp. (Billerica, MAL, Celerily
Group, Ine. [Milpitas, CA) and Qualiflow. S.A.
(Monipellier. France).

No Pressure

As for the first trend, MFC manufacturers are umder
presaure to ignore pressure, This is due o the typical
stmiconductor gas delivery system. The components are
there to deliver the right amount of a gas to the right tool
without adding any  particulaies or confaminants.
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done without increasing the size of the

flow controller or its cost 10 customers,

Anoiher approach is to alter the design
ol the internal guts of the MFC so0 that the flow measure.
ment becomes less sensitive fo pressure [uctuations,
Whatever the approach, several vendors have either
announced or are about o announce pressure insensitive
devices, Some of these produets are already in beta trials
with key customers and wendors expect to be able o ship
devices In volume by early 2005,

The development of pressure insensitive MFCs has
reporiedly led to & number of benefits. The new MFCs are
sald to respond faster to changing conditions and to hold
iheir sel points better. Such gains, if they hold drue In
widespresd deployment, should lead to better overall
process conirel and repeatability.

The other benefil expecied to appear with the new
devices is economic. According to Celerity's senior vice
president Joseph Foster, the company's mew pressure
insensitive MPCs should allow the cost of gas delivery sys-
tems io be reduced due to the elimination of components
Unlike better process control, the impact here Is easy to
eslimate. Foster figures that some 10 to 15 percent of the
entire cost of the system is tied up in components Lhat are
there simply (o guard MFCs from pressure translents.
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Flas coniraliens, [ thass from Myloolis, are increasingly digital. Thad
improves capabiliiies and culs down on the different fypes rquined.

“You can change the inpui pressure fo the device in a
broad range. and the oulpul characteristics are unaffected.
S0 now there's no need for 1,000 worth of hardware on
gvery stick,” he notes.

Less is Digitally More

The secand large trend is the addition of digital intelli-
genee o flow controllers, The actual flow measurements
are stlll analog in nature, as are all real workd readings,
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Manufacturers have been using this lechnology (o ol
the number of devices necded in a processing facility. For
example Celeritys Foster says a modern sembconducton
facility would, in the pasi, require 2,000 dilferent MFCs,
These woukd have to be manufactured by the vendor and
stored, When an MFPC failed in the field, maintenance per-
sonnel would have to pull it and replace it with one out of
inventory, The proliferation of part types meant that sim-
ply tracking and stocking inventory was an expensive and
time consuming proposition, and the plethora of par
numbers had an adverse financial impact on virtually
every aspect of the MFC life cycle.

For manufacturers, that bas changed due to the Incor-
poration of digital intelligence into mass flow controllers,
In Celerity's case, this was also accompanied by a relthink-
ing of the entire product line, The result has been a redue-
tion of the unique part numbers from a figure in the thou-
sands to one that can almost be counted on the fngers of
bath hamds,

“We can now cover 85 percent of that with nine part
pumbers, and the balance can be covered with about
another five or six configurations,” comments Celerity’s
Foster.

Not a Drop in the Bucket

There s another development which has the pofential
i boost the operational eficiency and cost effectiveness of

However. these are now being immediately con-
veried to digitized values, Once that is done, the
manipulation of measuremenis and the flow
contral itsell are all handled by digital clrenitry.

This is markedly different from e sistion
that prevalled in the past. At that time, main-
[aining the flow at a set point was done by spe-
cialized cireuitry; flow controllers would be cali-
hrated for and manufactured to specilic gases
and flow regimens. Thus, a given flow controller
might be able 1o handle high-llow nitrogen appli-
catlons but would be useless [or low-flow oxygen
situatbons, One result was flow controller prolif-
eration. The combinations of different Now rates
and various geses lead to a welter of flow con-
troller types.

The addition of digital intelligence and indus-
try-standard control protocols to MFCs  has
changed that. Algorithms are now In software
and easily updated. as opposed to being in elther
unchanging hardware or in hard to reach logie,
Mow one of today's flow controllers can do the
work of multipke past MFCs,

“Theoretically, with one digitally controlled
miass flow controller you can replace up to seven
to ten [anabog| mass flow controllers,” says Jean-
Pierre Lichaut, president and CEO of Qualillow,

An Dpen Approach

While MFCs are closed-loop sysiems, there are othér approaches 1o flow
controd and gas distriution. An example (s the fiowPoird™ open-lpop syshem from
Applied  Pracision LLC (lsssquah, WAL Rick Loya |8 worldwide sales
manager for the company's microposifioning and precision flow  cotrol
products, According 0 Loya, the fiowPoing product wes originally developed at the
requesi of a semiconducior equipment manutachurer &3 @ replacement for manual
matering valves.

In an MFC, part of the: flow Is diverted and measured. This can be dana thraugh a pres-
sure drop of by sensing thermal condoctarce, This is then transliated back into a flow
and compared to & sst paint. The comparison indicaliss which way the device should
move 3 plunger, diaphragm or ofher control element. In this way, & given fiow =ie is
achieved and martared.

I &0 open-loop system, praciss pasitioning puts the achator at the right place. Thene is
no check of e actual Now, Loya Bkens the difference batwean the twa approaches as
twwa diffenert ways to get from one place 10 another,

*¥ois'Te defing your car, and you get feedback from e speadometer that Says you're
gaing X Wel, that's oné wary 1o 0o it. The other way 10 do that would be o know that if
your pas pedal was fo press half way, oo veodk] aheays get a certaln speed,” he ssym.
Such open-loop syslems can be used i distribute gas throughout a plenum or manifold,
such as might be found in & processing ares in & ool According to Lova, the advantage
of this appnech is that it & smpler: no sensor is invoived, Anoher claimed advantage is
that the system & immune o the feedback loops fhat an alemative solution, dual MFCs,
can fall prey to.
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“Theoretically,
with one digitally
controlled mass flow
controller you can
replace up to seven
to ten [analog] mass
flow controllers.”
Jean-Pierre Liebaut

MFCs. During setup and calibration,
a (ow controller's performance s
checked by running a gas through 11
[deally, this would be done with a rel-
atively inert and benlgn gas that was
inexpensive and widely available.
Nitrogen fits that bill. Again, ideally,
such calithration would be done using
a single gas. 5o there's a push to
nitrogen-only callbration. with the
use of various conversion factors o
account for the actual gas an MFC
will be called upon to contrael. Bual
this ideal has o contend with a
rather imperfect world, The scheme
depends, for one thing, on accurale
conversion ffom measured nitrogen
flow to the flow of the gas actually
being metered out.

“Comnetimes those conversion fac-
tors are nol very good,” notes Jack
Martinez, & senior sclentist in the
allice of microelecironkcs  programs
al the Gaithersburg, Maryland-based,
Mattonal Institute of Standards amd
Techanology (KIST). Part of NIST's
work, according to Martinez, 15 1o

-
-

MFCs face new demands due Bo the
implememlaien of nTW pOCeSsES.
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help vendors develop these conver-
sion algorithms,

Pressure insensitive and  intelll-
gent MFCs that are calibrated osing
only nitrogen show promise of betler
and less expensive performance.
That's a pgood thing becinse mass
flow controllers face some new chal-
lenges in the semiconductor and
other manufacturing arenas, COne of
these 15 due o the introduction ol
new processes. such as those that
depend on ligquid precursors,

As the name implies, Hgoid pre-
cursar manufcturing fakes a Houid.
converts it into a low-pressure gas,
and then uses the regctant to create o
desired film. Such films have elecini-
cal characteristics that are vitally
important for the next generation of
semiconductor deviees. & number of
new, ad-vanced semiconducior man-
ufacturing processes  fake  this
approach o create materials of dif-
ferent capacilance

However, these gases, created by
liguid precursor meth-
ods, Oow with wery how
pressure and may or
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Miass flow conkrollers bngen Celarity, such as
the omes pictured abeue, will seon oMer new
Teabures such as pressure insensithedty."

For instance, inline flters or precise
heater  ecomtrol  could  eliminate
dropleis. The tmpact of such solu
tions an low controllers is hard o
predict, However, one thing ks clear.
Ligquid precursor provesses are likely
b play a vital role in future semicon-
duetor manufacturing, and so MFCs
will have to adapl and go with the
technological ow.

A Layer at a Time

While: nol a iresss flow controller phanomenon, atomic lyer

may ool have  liguid
droplets in them. Jim
MeAndrew.  electronic

research and develop-
ment manager al  Alr
Liguide. notes that such
attributes present a chal-
lenge to, among olher
things, mass fow con-
trallers,

"Il you have a droplel
comming thorough, that’s
i.l:|'|'-'|'i.l_'|':!- going io glw. wou a
higher conlaminailon
level, The other thing is,
droplets may play havoc
with, for example, mass
flow contrellers.” he
SAVE.

Although it will be
some  ime before the
inchisiry has to confront
this issue in volume,
there are a numbser of
possible approaches to
solving these problems.

deposition (ALD) & a chalend: i fow controlers. ALD is a
process of growing interest and comimercal importance
whare a few, or perhaps only one, layer of molecules is
deposited at @ Sme, Applications invoiving atomic kayer depo-
gition can be found i bath $e samiconducior and daks stor-
e industries, As semiconducior processing sizes shrink, the
need 0 creste a thin, high quaiity fim may lead o the
increased use of ALD,

Becaiise of the ratue of Me process, mass fiow, and hence
mass fiow controflers, are not imaihved. However, Some of the
rngwations developed for ALD might impact MFCs and vice
versy Duaifiow, Tor example, fouls s plamelaciric valve
technalogy. The company icensed Bis from Siemens and has
introckiced i indo its MPC line because of the resulling simpl-
fic:atian in the controling vake.

“The big advantage is that you get fid of coils” assers
Oualiiow’s Lishaut.

Hovamtr, peposlecinG valves are also 20 fa 50 fimes faster
than the competing. coil-taden techrology. Thet speed could
make the approach ideal for ALD because atomic layer depo-
siion demands grexler speed from flow  controllers.
A corventional MAC may nesd o make fiow adjustments once
or A fesw Bimes a3 second which does nat sult the speed caled
far by ALD,
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