WO 96/ 39263

PCT/ US96/ 09215

On-Site Manufacture of U tra-High- Purlty

Nitric Acid for Seniconductor Processing
‘BACKGROUND AND SUMVARY OF THE | NVENTI ON The present i nvent i on
relates general |y to sem conductor processi ng, and particul arl

‘prepar ati on of
.Cont am nati on
‘overwhel m ngly

W%@PRBe |iquid reagents. - Backgr ounkg 89609215

“On-Site Manuf amtiftr'égof ﬁﬁi‘?‘l'—fﬁgh&unty

A large fraction of the steps in nodern integrated circuit manufacturing

are

10

15

20

Nitric Acid for Semiconductor Processing

BACKGRO AND SUMMARY OF THE INVENTION
The present invention relates generally to semiconductor processing, and particularly to
preparation of ultrapure liquid reagents.

c d: inati ontrol _

Contamination is. generally an overwhelmingly important concern in integrated circuit
manufacturing. A large fraction of the steps in modern irtegrated circuit manufacturing are
cleanup steps of one kind or another; such cleanup steps may need to remove organic con-
taminants, metallic contaminants, photoresist (or inorganic residues thereof), byproducts of
etching, native oxides, etc. :

As of 1995 the cost of a new front end (integrated circuit wafer fabncauon facility) is
typically more than a billion dollars ($1,000,000,000), and a large fraction of this cost is
directed to measures for particulate control, cleanup, and contamination control.

One important source of contamination is impurities in the process chemicals. Since
the cleanups are so frequent and so critical, contamination due to cleanup chemistry is very
undesirable.

Background: Wet versus Dry Processing _

One of the long-running technological shifts in semiconductor processing has been the
changes (and attempted changes) between dry and wet processing. In dry processing, only
gaseous or plasma-phase reactants come in contact with the wafer. In wet processing, a variety
of liquid reagents are used for purposes such as etching silicon dioxide or removing native
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15 cleanup steps can remove dangerous contaminants from the surface before high-temperature
steps drive in these contaminants. However, purity of the liquid chemicals is much more
critical, because the impingement rate at the semiconductor surface is typically a million times
higher than in plasma etching, and because the liquid cleanup steps are directly followed by
high-temperature steps.

20 However, wet processing has one major drawback, namely ionic contamination.
Integrated circuit structures use only a few dopant species (boron, arsenic, phosphorus, and
sometimes antimony) to form the required p-type and n-type doped regions. However; many
other species are electrically active dopants, and are highly undesirable contaminants. Many
of these contaminants can have deleterious effects, such as increased junction leakage, at

25  concentrations well below 10%cm™. Moreover, some of the less desirable contaminants
segregate into silicon, ie. where silicon is in contact with an aqueous solution the equilibrium
concentration of the contaminants will be higher in the silicon than in the solution. Moreover,
some of the less desirable contaminants have very high diffusion coefficients, so that
introduction of such dopants into any part of the silicon wafer will tend to allow these

30 contaminants to diffuse throughout, including junction locations where these contaminants will
cause leakage. : '

Thus all liquid solutions which will be used on a semiconductor wafer should preferably
have extremely low levels of all metal ions. Preferably the concentration of all metals
combined should be less than 300 ppt (parts per trillion), and less than 10 ppt for any one

35 metal, and less would be better. Moreover, contamination by both anions and cations must also
be controlied. (Some anions may have adverse effects, e.g. complexed metal ions may reduce
to mobile metal atoms or ions in the silicon lattice.) '
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25 On-Site Ultrapurification
The present inventors have developed a method for preparing ultra-high-purity liquid
reagents (including aqueous HF, HCI, NH,OH, NH,F, and HNO,) in an on-site system located
at the semiconductor wafer production site. In the example of aqueous ammonia, this is
performed by: drawing ammonia vapor from a liquid ammonia reservoir, and scrubbing the
30 filtered vapor with high-pH purified water (preferably uitrapure deionized water which has been
allowed to equilibrate with the ammonia stream). This discovery permitted conversion of

‘ commercial grade ammonia to ammonia of sufficiently high purity for high-precision
manufacturing without the need for conventional column distillation. The drawing of the
. ammonia vapor from the supply reservoir serves by itself as a single-stage distillation,

35  eliminating nonvolatile and high-boiling impurities, such as alkali and alkaline earth metal
oxides, carbonates and hydrides, transition metal halides and hydrides, and high-boiling
hydrocarbons and halocarbons. The reactive volatile impurities that could be found in
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One of the important process chemicals is nitric acid. Nitric acid is useful for wet

etching of silicon, and is also used, for example, in some recipes for chemical-mechanical

15  polishing of interconnect metallization, and in compounds for etching various heavy metals, and
for defect etching.

Innovative System and Methods for On-Site Njtric Acid Purification
The present inventors have now discovered that on-site distillation of nitric acid can be
20  used to obtain ultrapure nitric acid for semiconductor processing.

As shown in Figure 4, the HNO,/H,O system has a high-bp azeotrope (68.5%wt HNO;,
nbp 122°C). In the presently preferred embodiment, the source material for distillation is
provided at a concentration higher than that of the high-bp azeotrope, so that dilution does not
occur during condensation. A reflux condenser is preferably used, with a continuous purge to

25  prevent impurities from accumulating. This is performed on-site, at a semiconductor manufac-
turing facility, and the ultrapure chemical thus generated is routed directly, (preferably through
ultraclean piping, to the point of use in a semiconductor front end. :

Brief Description of the Drawing

30 The disclosed inventions will be described with reference to the accompanying drawings,
which show important sample embodiments of the invention and which are incorporated in the
specification hereof by reference, wherein:

Figure 1 is a simplified diagram of the distillation system used in the described sample
embodiment of nitric acid ultrapurification.

35 Figure 2 shows measured data values achieved with the system of Figure 5.

Figure 3 is a block diagram of a semiconductor fabrication process which is connected
to use the nitric acid produced by the purification unit of Figure 1.

4
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g T/ US96/ 09 2150f a cMQn%Q?f 3.92&%@ condenser CD-1 removes heat of condensation from the vapor out
- from the column, and aftercooler HX-1 further cools the condensate. A small top stream is
vented, but this is only about 0.1% of the total vapor-phase flow. Tanks T-4 and T-5 are used

15 alternately to dilute the product to the desired strength, and the diluted product is fed to
reservoir T-6, for metering as desired to the point of use.

The condensate (product) draw is further cooled by heat exchanger HX-1. The product
is then diluted, in tanks T-4 and T-5, down to the concentration (e.g. 70%wt) desired by the
end-user.

20 Note that ultrapure water is used to dilute the acid. Typical standards for ultrapure
water are a resistivity of at least about 15 megohm-cm at 25°C (typically 18 megohm-cm at
25°C), less than about 25ppb of electrolytes, a particulate content of less than about 150/cm>
and a particle size of less than 0.2 micron, a microorganism content of less than about 10/cm>,
and total organic carbon of less than 100ppb.

25 The column will typically contain a conventional column packing to provide for a high
degree of contact between liquid and gas. In one presently preferred example, the column has
a packed height of approximately 3 feet (0.9 meter) and an internal diameter of approximately
7 inches (18 c¢m), to achieve a packing volume of 0.84 cubic feet (24 liters), and is operated
at a pressure drop of about 0.3 inches of water (0.075 kPa) or less, and less than 10% flood.

30 The packing material is preferably 8x8mm, but could alternatively be 10x10mm.

The units described up to this point may be operated in either batchwise, continuous,

-

' or semi-continuous manner. Continuous or semi-continuous operation is preferred.
The following table gives sample flows, scaled to production of one ton per day, for the
system of Figure 1:
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10 The feedstock used was 72%wt technical grade nitric acid from Fisher. (The illustrated
configuration of Figure 1 can be used to provide an admixture of fuming nitric, to bring the
concentration up high enough, but the presently preferred embodiment simply uses a more
concentrated feedstock.)

To start up the system properly, two runs were performed: a "clean up" run was first

15  performed using reagent grade acid, to reduce the contaminant levels in the system, and then
batch distillation was performed using technical grade acid.

The table of Figure 2 shows results from actual tests run with the bench-scale apparatus
of Figure 5. This table gives measured concentrations, in parts per billion, of the various
impurities lised. Note that most of the impurities were below the detection limit in the

20 condensate.

Decomposition of Nitric Acid during Distillation.
Nitric acid does decompose during distillation, producing a noticeable amount of red
brown NO, vapor (mostly NO,). Since the density of NO, vapor is heavier than air but lighter
25 than the water-nitric acid vapor, this red brown cloud tended to stay at the bottom of the
condenser during the distillation experiment, and fell down into the reboiler flask after the
heater was off.
The amount of this decomposition depends on the assay and the amount of the boiling
acid as well as the time of distillation. The 71.4% acid was found to decompose much more
30 readily than the 69.4 to 70.0% acid of other experiment.
Measurements of the acid balance showed that the amount of acid loss was within

' experimental uncertainty for all four experiments. Even for the first experiment with the most
obvious decomposition qualitatively, the apparatus was dry at the start and most of the 2% acid
' loss should remain in the wetted packed column. Consequently, only a small portion of the

35 acid loss would be due to decomposition.
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‘0.3 inches of er %%MB@EQQFEB gefo ess(e%mog?gﬁwﬁﬁg 85}&} P%g% B%te% T*ﬁm
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fl ows, scal ed tandpaseanel, mda fifst oeallizatiophyerddvetal- b) it ilmw formed amylutem:d)f A third
Figure 1 ILD is now formed and patterned, and a second metallization layer ("Metal-2") is now formed
and patterned. CMP may be used to planarize the upper ILD layers above or beneath the metal
20 layers. Finally a protective overcoat is deposited, and patterned to expose contact pad locations.

Modifications and Variations

As will be recognized by those skilled in the art, the innovative concepts described in
the present application can be modified and varied over a tremendous range of applications, and

25  accordingly the scope of patented subject matter is not limited by any of the specific exemplary
teachings given.

For another- example the disclosed innovative techniques are not strictly limited to
manufacture of integrated circuits, but can also be applied to manufacturing discrete
semiconductor components, such as optoelectronic and power devices.

30 For another example, the disclosed innovative techniques can also be adapted to
manufacture of other technologies where integrated circuit manufacturing methods have been
adopted, such as in thin-film magnetic heads and active-matrix liquid-crystal displays; but the
primary application is in integrated circuit manufacturing, and applications of the disclosed
techniques to other areas are secondary.

35 It should also be noted that piping for ultrapure chemical routing in semiconductor front
ends may include in-line or pressure reservoirs. Thus references to "direct” piping in the claims
do not preciude use of such reservoirs, but do preclude exposure to uncontrolled atmospheres.
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PCT/ US96/ 09215 Experi nment al SH"MM g M'qum A bench scal e
experinment on nitric acid distillatien vediBut successful ly as

follows, using a 1" distillation colum as shown in Figure 5. This
“apparatus and tWO9639263 experinent were designed to provi de aP@RM%RENt al

"denonstration of the practicality of the ws)scal e apparatus of Figure
1. The reboiler flask 2, in tha | e enbodi ment, is heated
by a 600W heating mantl e 1. Wth this heating mantle the boil up rate
Is 17.4 g/ mn. roducit_ | s.drawn between packed colum 4 and condenser
5, and cool ed afﬁe‘?‘ﬁ\eic‘ﬁmi ng stages 7 and 8. This apparatus was

operated in batch node. 10 The feedstock used was 72%wm technical

0 59 ™ ik 1 Bo' 0 iy, TR SRR iy e AN hing o
: high-purity nitric acid to a semiconductor manufacturing operation, comprising:.
' a source of nitric acid at a concentration greater than 68%wt;
a reflux distillation column connected
to receive nitric acid from said source at a heated lower point on said column,
10 to provide a flow of nitric acid condensate from an upper point on said column, and
to provide a purge flow which averages at least 4% of the volume of said flow of nitric
acid condensate, from a purge point on said column which is below said upper
point on said column;
a reservoir connected to receive said flow of nitric acid condensate;
15 a piping connection which routes said nitric acid condensate from said reservoir to points

of use in the semiconductor device fabrication facility.



concentration up high enough, but the presently preferred enbodi ment sinply
uses a nore concentrated feedstock.) - To start up the
system properly, two runs were perfiorned: a "clean up" run was first 15
performed using reagent grade acid, to reduce the contami nant levels in the
system and the batch distillation was performed using technical
'grade aci d. 09639263 The table of Fi gure 2 shows results PCIHS2EL
jtests run with the bench-scal e apparatus- of Figure 5. This table

| gi ves neasured concentrations, in parts pg(A%illion, of the various
‘inpurities listed. Note that nost of the inpurities wer@ bel ow the

detection [imt in the 20 condensat e. conposi tion of
Nitric Acid during Distillation. Nitric ackd does deconpose
during distillation, producing a noticeable anount of rgd br own

NJ err]- vapor (nostly NJerr]). Since the density of
heavier than air but lighter 25 than the TeT="Tmtric
brown cl oud tended to stay at the bottomo thqa | er during the
distillation experinment, and fell down i t he- re ask after the
heater was off. The anmount Jf tlthis _ddconposition depends on
the assay and the anmount of the boiling acid as well as the tine of
distillation. The 71.4% acid was found tjo dgctonppse nmuch nore 30 readily
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PCT/ US96/ 09215 Even though the deconposition rate is very |ow,
t he deconposed products may accurul ate; thus in a continuous process
thé red-brown cloud of NJerr] vapor will eventually fill up the
condenser and continuously vent to the scrubber. 5 Integrated Circuit
Fabrication  WO9639263 Fjigyre 3 is a block diagramof a seni 5
-fabrication process which is connected 2/40 use the nitric acid produced
by the purification unit of Figure 1. In the flow shown,

‘incom ng wafers are thoroughly cleaned and tested ("Wafer

preparation”). N tric acid~ay be used at this step to renove netallic
surface contam nantg-o\@ Xto{"lsolation gnd Vel forrm,r,l gn") the n-wells
and/or p-wells are .2fe¢"-h8:lﬁ8; S hgromRy |3 t he
field issolation re t p‘PéBIT/ YOCO%’ or %?rreegv i amt %h‘ér eof)m

Next a VT inpl ant°| S I?Qﬁrred a sacrificial oxide is grown and stri pped,
a gate oxide is 2 owl. an insulated gate is forned (e.g. of a
silicided polysi Ioc %)rﬁt 8Be gate oxide) and patterned, and

source/drain regmnS’ R‘é:'f.gr g (GVB |en Raily) t pg ovi de
LDD or 15 gradedDd?San;.n Stsutt ures)V ?g Fst i nt erlvg\?ell'\-;dl eYegrQ;: SB("I LD")

is now ferned, arg a s:ecsar@ polysilicon (or polycide) |ayer is now
‘deposited and patger ned. A.second ILD is now forned and patterned, and
a first nmetallizagi en@ Beg ("Metal -1") |s nowforrred and patterned. A
third | LD i s_nsw?,&(ﬁ!nad re o al Nz abi on

layer ("Metal-2" )i B RVBfgrned” va%t é(na’ p‘étYeYné‘dV Cf\/P’rgsgbé( ¥sef to

planarize the upp@r E)Ea&rs above or beneath the netal 20 |ayers.
‘Finally a prot ectEve overcoat is deposited, and patterned to expose contact
. L
‘pad locations. B - =] '
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Modi fi cati ons and Vari ati ons
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What is clainmed is: 5 1. An on-site subsystem in a sem conductor

device fabrication facility, for providing ultra- hi gh-purity
nitric acid to a sem conductor nmanufacturing operation, conprising:

a sSource of nitric acid at a concentration greater than 68%u ; a
reflux distillation colum connected to receive nitric acid

from sai d sour C¥P3#3%6heat ed | ower point on said colum, 10 PCT/US9E/A9215
rprovide a flow of nitric acid condensate 8%9 an upper point on said

.col um, and to provide a pur | ow whi ch averages at |east 4%
of the volune of said flow of nitric aci d condensate,
froma purge point on said colum which is bel ow said upper
poi nt on said col um,; a reservoir connected to receive said flow
of nitric acid condensate; 15 a pi ping connection which routes said
nitric acid condensate fromsaid reservoir to points of use
‘in the sem conductor device fabrication facility.
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A system and method for semiconductor manufacture using on-site distillation to obtain ultra pure nitric acid from technical grade
starting material. The source material for distillation (T-3) is provided at a concentration higher than that of the high boiling point azeotrope,
so that dilution does not occur during condensation (C-1). A reflux condenser (CD-1) is used, with a purge of at Jeast 5 % to prevent
impurities from accumulating, This is performed on site, at a semiconductor manufacturing facility and the ultrapure chemical thus generated
is routed directly, through ultraclean piping, to the point of use in a semiconductor front end (T-5).




