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Pressureless sprays that
rever clog are the basis
Jor new and more
productive semiconductor
manufacturing technigues.
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| lirasonic nozzles break up liguid into 2

i fine mst. Compared with convertional
pressure spray noseles, alirasonic nee-
et ples deliver a low-velocity spray. They
can dispense extremely small amounts of
spray oo @ substrate precisely and repeal-
cdly. Operation s pressureless and they
never clog, The spray velocity is approxi-
mately one-ong hundredth that produced by
a pressure nozele, so there is no overspray.
This minimizes the amaunt of material re
lesssed into the enviromment. The contralled,
loow flowe rate frates as small as a few micro-
Liters por second are possible) ensures the
amount deposited is exactly what is needed.

The technigue is praving to be espe-
cially valvahle in photelithographic pro-
cessing, Semiconductor makers since the
i 1980 have deploved ultrasonic spray
nozzles in spin-coating silicon and gal-
livm-arsenide waler substrates. Here they
Lypically deposil photeresist developer, the
chemical that develops cirenitry imaged by
an aptical stepper,

The technigque isell s surprisingly sim-
ple, Spin-coating starls with 2 substrate tha
usually is rotating slowly or netanall, A
nozzle with a capacity of 60 mlimin or mome
sils over orotating waler such thal it can
spray the entite surface. The substrate then
quickly spins up to g high speed, perhaps
several thousand revolutions per minute, o
unilarmly distribute the coaling.

Lniformity of deposition 15 not impor-
tant when depositing photoresist developer,
The objective is tooapply enough spray

Low-flow, focused sproy systems con produce patterns os norrow os
0.070 in., and deliver single-shot sizes of only o few hundred nonoliters
or confinuous flow rates as low as a few microliters/min. The nozzle as-
sembly can mount on u robatic arm, as in this application, or on an X-¥
withaut much bounceback, where particles  1oble 1o execule continuous patterns. Alternatively, it can also mount in a
hounce off the surface and heeome dust, U= Tixed position to dispense o precise amount of spray ot o selected site.

trasonic nozzle systems have proven suc-
cesslul because of their soll spray and abil-
ity Lo continuously replenish the entire
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surlace with fresh material,

The gentle, vet continuons deposition
over the wafer surface boosts chemical ac-
tivity iproviding better developiment el fi-
ciencyd. This and minuscule bouncehack
help cut material consumption, Semicon-
ductor makers adepting this wehmgque have
reperied material savings ol up to 704,
Comtrol o critical dimensions improves as
well

Another exciting application has
anerged over the past vear or so, Ullrasonic
noeles wre now practical nol only for de-
positing photoresist developer, bot also Tor
the more critical spin-coating of photore-
sisl. Under a grant from Sematech, o con
sortium ol LS. companies involved in
semiconductor manufacturing, Sono-Tek
Corp, developed a way of ultrasonically
spraving phetoresist on 200-mm silicon
walers, This dramatically reduces the re-
quired coating material to about 1.3 ml.
Moreover, the method maintains the same

ATRIP THROUGH AN ULTRASONIC NOZZLE

Ultrasonic nozzles are basically tuned devices that resonale st a certain frequency con-
sistent with their size. Their maximum length and diameter are inversely proportional 1o
the resonant frequency, in the range of 25 1o 120 kHz; that is, the higher the operating |
frequency, the smaller the nozzle. Another conseguence of the atomizalion process is
thal the median drop size produced alsoe decrenses us the resonant requency increases,

A nezzle has several parts. The driving element consists of a pair of piezoelectric
transducers which converl electrical energy into mechanical motion, High-frequency
power comes from a separate generator capable of lecking ento the noeele resonznt
frequency. The tansducers 511 between tao anium eylinders which magnify the vi-
brating motion of the ransducers, maximizing itat the atomizing surface, Titaniom i3
the chiice hecause of its high tensile strength, positive acoustical properties, and ex-
cellent corrosion resistance.

Liguid feads to the atomizing surlace through a large-diameter channel munning the
length ol the nocele. Onee emerging onto the alomizing surface, the liguid sees high-
amplitude vibrations that break it into o mistof fine drops, which move away at low ve-
locity (under 3 indsec), To accomplish this effect, applicd power must stzy within a
fairly narrow window. Too little will stall the noeele, mesning atomization will not oc-
cur. Tews much will rip off the liquid in Targe chunks, which is unsuitable for an atom-
ized spray. Typically, nozzles operate at power levels around 2 1o 10W, depending on
the specific design and the nature of the liguid sprayed.

Atomized liquid is
generated as a
soft, low-velocity
spray resulting in
minimal overspray
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Two titanium cylinders in the nozzle amplity ultrasonic motion. Standing waves along the length
of the nazzle reach maximum amplitude ot the atomizing surface. Both ends of the nozzle are
antinodes, plones of maximum amplitude. & zero-omplitude node sils ot the interface between
the transducers. 4 step transifion from the large to the small diameter of the front horn provides
the amplification ot the atomizing surface. Because both ends re antinodes, the nozzle must be
o holf wavelength long for the ultrasonic frequency used. Thus nozzle dimensions are governed
by frequency. High-frequency nozzles are smaller and create smaller drops.




across-the-waler uniformity seen with conven-
tional dispense methods thal consume 2 Lol morne
material.

For comparisen, one majer commercial sup-
plicr of photeresist says conventional dispense
rechnigues consume 3w 35 ml per dispense on
averzge when couting 200bmm walers with [line
photoresisl. Such methods of applying photore-
sist usually deposit material as a continuous
stream, They may also apply material as a puddle
n the center of o waler, orina spiral pattern exe-
cuted 2a the dispense nozzle moves across the
wafer (from center 1o edge or vice versa) while
the waler spins slowly, Inetther case, centrilugal
[irrce during spin coaling spreads the initial de-
posit out over the surface, Most of the material
foveer 995 Thes off, The residual Nim s the final
coaling. These chemiculs cost as much as
$ES0eallon. Thus a G0% cut in consumplion
brings an ohvious and dramatic cost savings,

One major reason equipment makers have
stuyed away [Tom spray processes 15 zir-horne
contzmination, Specifically, spray opens the door
o possible redeposition of dried, airborne pho-
toresisl particles on the waler surface.

UNCONVENTIONAL WISDOM

Howewver, ultrasonic nozzles negate the con-

Mozzle movement

Wafer rotation

Centrifugal
force
distributes

CONVENTIONAL

SPIN COATING

One typical photoresist coating
strotegy uses  spiral pottern cre-
ated as the dispense nozzle moves
from the rolating wafer's center to
its edge (or vice versa). This tech-
nigue distributes the material over
most of the wofer prior fo spin coal-
ing. But the technique requires
twice as much material os does the
ultrasonic spray methad, because
the inifial distribution of material
aver the wafer is much more uni-
form. Application with ultrasonic
nozzles cuts photaresist use by
more than half because most of the
materiol stoys on the wofer.

photaresist
rmatarial

ventional wisdom about air-borme contamination.
Their extremely sol? spray lends w eliminate
hounceback, allowing successful management of
redeposition.

Thers are two principal reasons why ultrasonic
spray deposition enhances the pholoresist coaling
process and saves materizl. First, the technique
distributes material more uniformly than is possi-
ble with a non-atomizing method. To see why,
consider conventlional spin coaling: malterial
starts out as o paddle or stream over one part of
the wafer, and depends on centrifugal force for
distribution. The process deposits enough pho-
toresist o completely coat the surface as the pud
dle migrates oubweard.

However, there are process complexities asso-
clated with ensuring that the waler sets a com-
plete couting (especiully vward the edpees). For
example, lemperature contral must be precise,
Ditto for caleulations of solvent evaporation rate
ialfecting photoresist viscosive ), Otherwise the
coaling action may not be enongh o lay o [ or 2-0
film thickness with the required ceating unifor-
mity of below 0005 p.

By comparison, spray deposition distribules
material over the entire surface of the walier at the
outsel. Maoreover, the pattern is more or less con-
tiguous: that is, the drops bave coalesced into large



SEAICONDICTOR MoisTRY Y R R s e s

arcas of continusus llm. There are bare
spots, butl the distance between them is
small, Salvent evaporation is less of anissne,
and coating wntormity and quality doese’l
depend as much on matenal viscosily.

A second related reason that ulirasonic
spraving provides benefits is that it signifi-
cantly reduces the dependence of liguid dis-
teilution on surlace wension. Processes using
unatormized material rely on spinning action
to overcome surface forces between the ad-
vancing lront of bulk liquid and the un-
costed surlace beyond it Surface Torces ane
less of o problem in processes depositing al-
omized material. Here the work of distribut-
ing the liguid is largely complete before
spin-coating.

In operation, the ultrasonic spray nozele
sits above the wafer on an arm that maves
[ram center-lo-gdge or vice versa. [ produces
spriy envelope diumelers of up o 0.5 in, Be
canse the spray envelope extends over a
hroad area, the entire surface can be covered,

The flow rate varies during dispensing
s mmore material bits the ouler parl of the
roftaling water where the surface travels
lastest, less on the more slowly traveling
nner porton,

Animpertant bre-procduct of g spray lech-
nigue is the elimination of a back-side rinse
step. I is unnecessary first becavse there is
less excess liquid. Second, distribution of
the material over the enline waler during de
position prevents splashing, the cause of
hack-side deposition. Splashing results
when large chunks ol excess photoresist [y
ol as s single mass,

PCB SPOTS

Waler processing isn't the only manuo-
fucturing process e benelit from the use of
ulirasonic nozzles, They are increasingly
applied in selective soldering. The term
cowers o wide variety ol processes, all with
the requirement that liguid solder flux hil
the: cireuit hoard only where desived, Candi-
dates Tor selective soldering include ad-
vaneed Ychip-scale” packaging and atiach-
ment methids for semiconductors —
ball-prid array devices, fip-chips, and vari-
ons types of multichip modules. These
compact puckugzing methods require the up-
plication of Tux only within specific areas
and ar precisely controlled Fow rates,

Ball-grid arrays, Tor example, require
[ux only on the liny spots ol the circuit
bl where the balls touch (hall-grid aray
connections are not leads, but rather small
spherical balls composed ol solder or of a

Caprright

MEDICAL APPLICATIONS:
SPRAY-ON ENZYMES

Ltrasomic nogeles are used W spray minute
quantities of special coatings such as antico-
agulants, coggulants, proteins, enzymes, sili-
cone lubricants, and antigens. Tyvpical appli-

tures, and catheters,
Ultrasonic noeeles can deposil as
litthe ais 5 gliters uniformly over the
interior walls of blood-collection
devices with a volume accuracy
ol less than 3%, The exceptional

sidewalls,

cations are on the interior walls of
hlood-collection tubes and other medical de-
vices such as syringe barrels, canulas, su-

ahility of such svstems to atomize precise shot sizes and
to distribute the dose evenly over a broad surface area
are the Teatures that make this lechnology so appealing.
Drevelopers select the shape of the ultrasonic nozzle
atomizing head for the depth and width reguirements of
the tube into which it is being inserted. Typically, the
nozele head lirst penetrates 1o the desired depth, awhich
point the nogele and liquid delivery turn on, The nozzle
then slowly withdraws as the atomized liquid hits the

haril, heal-resistant substance costed with
solder). Ulirasonic noszles can be used to
prichiee a lowe-flow, facused spray ideal for
this application.

Stmialarly, board preparation Tor compo
nents on g continnous tape or reel also in-
valves precise deposition of flux, The com-
poenent lead is the only region that needs
fluxing, and none is allowed on the compo-
nent body, The focused spray mechanism
can direct flux onto this small area without
DVETS[ITLY.

Although wave-soldering i5 a mature
technigque, it is stll prospering, Ulirasonic
spray systems used in spray-fluxing
printed-circuil assemblies have helped ad-
vanee wive-soldering technology. The in-
dustry now recognizes that spray tech-
nigues are far better than flux application
methads such as foam or wave [uxing.
They can save up to B0% in Mux malerial
costs, significantly cur solder defect rates.,
reduce emissions, and eliminate disposal
costs, Such advantages have helped ulira-
sonie systems beeome widely used For ape
plving solder flux to printed circnit assem-
Blies varying in width from 2 o over 20 in.

Lltrasonie spray technology has

demonstrated s valoe in other areas such
as thin-Tilm chemical vapor deposition
processes and the fabrication of high-tem-
perature superconductors. [s benelils are
becoming evident to manufacturers ina di-
versity of industries, This has led o ex-
plaitation of the technique in medical de-
vices, [loat-glass  manulacturing,
nomwiven fabrics, spray drving of phar-
maceuticals and ceramic shirries, chemical
reactors, and combustion, |
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