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contanination is even more critical .- 25 | ~ Anmoni a pr ‘ﬁpjs ;Qar"j ifcQI b 4

di-fficulties, since liquid amoni a contains: bot:h solid and?

i mpurities, many of which are damaging to el ectronic conponents |f present
during the manufacturing process. The inpurities |evel and content may vary
wi del y depending on the source as well as thel handling method, and all such
I mpurities nmust be renoved before the anmmopnia can be used in eI ectronic

conmponent production lines. 30 To nmeet this standard, production
facilities have had to obtain high-quality amoni a at consi derabl e cost
fromthe limted sources which are able to supply amoni a 2 at an

acceptabl e grade. Only qualified suppliers can be used, and new suppliers
nmust be qualified before their product can be accepted. This cost and the

| ack of flexibility add consi %ar?Ft&ﬁwA@m cagigRnents. Further

difficulties arise in neeting ment ans ortatlon requl ation. 5
Anmmoni um hydr oxi de are shi gj&s RA ‘ e 8% Cearly

there is a need for a reliable nmeans of suppl yi ng anmoni a at a purity level

breci si on cOmponent o, and WiRORS AEFHORICENS RERATAE ARPLIGATN DY,
el ectronics technol ogy. SUVMARY OF THE | NVENTI ON 10 It has now been

di scovered that ammanid, HfiBadh iS YRINisGH ah® céhtibAGhIRR df 'cﬂepefufﬁhg application

serial no. 08/179,001, filed January 7, 1994.

This invention lies in the field of the manufacture of high-precision electronic
components, and relates to the preparation and handling of the ammonia used as a
10 treatment agent in the manufacture of such components.

BACKGROUND OF THE INVENTION
A major concern at every stage in the manufacture of electronic components is
contamination. Control of contamination is critical to product quality, and an extremely
high level of cleanliness and purity in the manufacturing environment is needed for
— 15  obtaining acceptable product yield and maintaining profitability. These requirements are
- particularly acute in the manufacture of very high density circuitry as well as in ultra-
precision bearings, recording heads and LCD displays.
Sources of contamination include the manufacturing facility, personnel and
processing equipment. In many cases, contamination can be lowered to aoceptai)le levels

20 by the use of "clean room" techniques such as isolation, air filtration, special equipment
and special clothing and body coverings to avoid contact between the operator and the
manufacturing materials. With ultra-high precision manufacturing, however, the highest
levels at which defects can be tolerated are particularly low and control over sources of
contamination is even more critical. '

25 Ammonia presents particular difficulties, since liquid ammonia contains both solid
and volatile impurities, many of which are damaging to electronic components if present
during the manufacturing process. The impurities level and content may vary widely
depending on the source as well as the handling method, and all such impurities must be
removed before the ammonia can be used in electronic component production lines.

30 To meet this standard, production facilities have had to obtain high-quality
ammonia at considerable cost from the limited sources which are able to supply ammonia



hi gh preci sion el ectronic devices in, uItra high purity formby use of an

on-sit aws anmoni a.vapor fromallq

._passeJmmﬁmm mﬂ[)r through a mcrofiltration ﬁodﬂ@gm%/s&sﬁﬁsﬁyn
filtered Vapér W th M gh-pH purified water in a |iquid-vapor contact unlt
such as a scrubbing tower or a bubbler unit. The unmﬁ 151 AU@f‘l

di scovery is that it can convert commerci al ¥ ade aM 0 ammoni a of
sufficiently high purity for i preci si.on manufacturi ng w t hout .the need
for conventional col um df®t lr‘]?'éﬂply%g"@%‘rﬂjsﬁp%%‘é‘%ﬁ%ﬁn ‘5°%‘5‘8’r At om
the supply r@eervoir saidrwarkstdtigni t self as a single-stage distillation,
elimnating non-volatiles or high-boiling inpurities, such as alkali and
al kline earth netal oxides, carbonates and hydrides, transition nmetal 20
hal i des and hydri des, and hi gh-boiling hydrocarbons and hal ocarbons. The
reactive volatile inmpurities that could be found in commercial grade
ammoni a,..such as certai ns! rag4skdh! i Becbilbmte withl dl4ta inWiichDsafd liquidivapbly cbntade s
and halides, certain Go IV hydri des and hal i des, and hal ogens,

previ ously t hougHt e distillation for removal, are now di scovered
to be capable of renoval by scrubbing to a degree which is adequate for

hi gh- 25  precision opegats §8@m it Atcdrdafice avithi im)5 inwtsictdaidisubaniv fardier si nce
scrubber technol o .S tra n Qm@#% rsBrubied! €
rather than m cro- dF%E'P f‘ﬁ@%&n‘é%}’gg@ i F}gﬁr@@he Bbet-

| i qui d- vapor contact unit lowers the levels of I mpurities which are

danmagi ng to seni conduct or, i §yiem i Attortahdé vithi claiineS i Wikietnsaid pbbnipfatthed ement
or less than 30 ppb total r el W Yof?m
desired, distill &PPBHFREAS (58 °°§1%8%55‘9%ﬁ“% nii[c’i sugasequ tr0 1 orman
scr ubbi ng. An ad\aamagmw! spdutiopy ent i on, however, is that if d| Stl | lation
I's included, the |iquid-vapor contact unit considerably | essens the burden

on, and design requ remeny Sy (em flEcottlafide! diliPdidits GOWMER amfiohia DEHfE By \Bid

pr oduct i . - ) _ )
subunit leaves said subunit at a location positioned within approximately 30cm of said
means for applying the product of step (c) directly to said workpiece.
9. A system in accordance with claim 5 in which said subunit is sized to
produce said purified ammonia gas at 2 rate of from about 200cc/h to about 2L/h.
‘./'.

10. A method for supplying a high-purity ammonia reagent to a workstation in
a production line for the manufacture of a high-precision electronic component, said
method comprising:
(a) drawing ammonia gas from a vapor space above liquid ammonia in an
5 ammonia-containing reservoir;
(b) passing said ammonia gas through a filtration membrane removing
particies greater than 0.005 micron therefrom;
(c) passing said ammonia gas thus filtered through a liquid-vapor contact
unit whereby said ammonia gas is contacted with an aqueous solution of ammonia
10 in deionized water; and
' (d) recovering said ammonia gas emerging from said liquid-vapor contact
unit and directing said ammonia gas to said workstation.



puri‘ty m“ renoval . of inpurities which are close-boiling

rel ati vgml m:l lll L as reactive hydrides, fluorides and chlori des,
sinmplifies tthetdi 8tiflation 35 col um desi gn cong I ’ i
system and process are applicable to ammoni a 3 mﬂﬁt ?%V}s]dzsgtq

hi gh-"preci si on production lines in general, the invepiLon. s Qf tiagpy! ar
interest for the purification of amoni a usedllat senﬁmus o% hg%r‘lgm

cl eaning stations. These and ot her. features,, enhodjnents, appl.i cati ons and
advant ages of the inventildn 306 '@aﬁ“[?ﬁ&éf“én‘f“bf&b% {ﬂn'é %W‘BL‘#‘B TVRHRF eqeact
follows. 5 unit is a scrubber. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is
an engi neering flow di agram of one exanple of a unit for the production of

ul trapure ammonia in acco nce.wih the present. invention. EIG 2 is a |,

bl ockpdi agram of a seni co%%&ngﬁﬁﬁowa ‘fqﬂ@ %&WWCW‘??WQH@“EMY% said
purification of FREMORIa gAS CRITNEG, vanon consdsy usie in/purified yvagan eriewnpl e
of 10  an i npl enditedting Q4id Abmbkif gid/t6 SAd wotkeet@ial | on. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON AND PREED EMBODI MENTS I n accordance with this invention,
ammoni a vapor is first drawn fromthe vapor space in a |liquid ammonia
supply reservoir. Draw ng'ddpsethediiniapsosdanee it claiay Y-firther compeising passing said

si ngl e-stage di st iainnfohiaGias thrcugly & Ai3tiltibh Soliinss for ifighthRP Purificatiordgridri b Airecting said

i mpurities behind a.hﬂmhﬂegas'tosaidworkstaﬁon.

14. A method in accordance with claim 10 further comprising:
- (c”) passing said ammonia gas from said liquid-vapor contact unit through a
s distillation column for further purification, and dissolving said ammonia gas
' emerging from said distillation column in purified water prior to directing said
5 ammonia gas to said workstation.

15. A method in accordance with claim 10 in which step (c) is conducted at a
temperature ranging from about 10°C to about 50°C.

16. A method in accordance with claim 10in which step (c) is conducted at a
temperature ranging from about 15°C to about 35°C.

17. A method in accordance with claim 14 in which steps (c) and (c’) are
e conducted at a temperature ranging from about 15°C to about 35°C.

18. A method in accordance with claim 10 in which step (c) is conducted at a
temperature ranging from about 15°C to about 35°C and at a pressure of from about
atmospheric pressure to about 30 psi above atmospheric pressure.

19. A method in accordance with claim 14 in which steps (c) and (c’) are
conducted at a temperature ranging from about 15°C to about 35°C and at a pressure of
from about atmospheric pressure to about 30 psi above atmospheric pressure.

~ 20. A method in accordance with claim 10 in which said liquid-vapor contact
unit is positioned within approximately 30cm of said workstation.

AMENDED ¢



quUid phase. The supply teservoir can be any conventional supply tank or
ot her for containing ammoni a, amm ni bg in
anhydroﬁﬂmﬂ:ﬂuﬂmwrﬁumeous sol ution. The reservoi %%mzﬁgéﬁgat
at mospher'i c “pressture o at a pressure above atnbspheric if desired to -

enhance the flow of the amonia through the 2@y systgPMr eg4raus 1997s

preferably heat controlled, so that the tenperature i t he range of
from about 10[err]C to al?dutA ®&hekinjaordaned witablaim 4 imwhibio sdid dfsfilétioh Colin@n is
about S5[err] C. - Ap6kdtasd witiihafiiraidinitelf 3060 3P ol wellsiifiod C {0 about 25[err]C

Impurities that wll be renoved as a result rawm ng the ammonia fromthe
vapor phase include netals of Groups | and Il of the Periodic Table, as
wel |l as aminated forms 25 of these netals which formas a result of the
contact with amonia. Also included will be oxides and.carbonates of these
metal s, as well as hydrides such as beryllium hydride and nagnesi um
hydri de. ‘Further included will be Goup Ill elenents and their oxides, as
wel | as amoni um adducts of hydrides and halides of these elenents. Stil
further are transition netal hydrides. Heavy hydrocarbons and hal ocarbons
such-as punp oil will also 30 be included. The ammonia drawn fromthe
reservoir is passed through a filtration unit to renove any solid matter
entrained with the vapor. Mcrofiltration and ultrafiltration units and
menbranes are commercially avail abl e and can be used. The grade and type of
filter wll be selected according to need. Preferred filters are those
which elimnate particles of

.
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4 0.005 micron or. greater in size, and further preferred are those which
filter down to 0.003 mcron particle size. The filtered vapor is then '
contacted with high-pH purified (preferably deionized) water. The hi gh-pH
water is preferably an aqueous ammoni a sol ution, and the contact 5
bet ween thi S‘ﬁﬁ%% and the filtered vapor can be achieved in various
convent i onal 3¥esi gned to achieve |iquid-vapor contact. Sgir649
exanpl e, the vapor can be bubbl ed through atreservoir of the solution: As
anether—exanpl e, the contact can be achieved in a scr ubber, preferably one
Wih’ eoihs bagreflacthe sol ution through the scrubber ta he

g turation. The scrubber miy

conv crubbi ng colum .in countg
oper rature is not critical, the |colusp—t-s—prefFerab y run at a
tenperature rangi ng from about 10[err]C to about 50[err]C preferably from

about 15[err]C to about 35[em_ép_mgwgmm¢m@qessure I S not

critical, although preferred gper ) pressure of from about
at nospheric pressure to abSRELECIRONIC COMPONENT M) Wl urm wi | |

typically contain a 15 conventlonal col umm packi ng to provide for a high

degree of gont act betvveen $WW &gi,%m?\m r enoval
section as™well. In one présen preterrt colum is

used with a packed height of approximately 3 feet (0 9 meter) and an

internal diameter ghisHpphcationts &!division Ml @ntifdePiofi i Bfé&-béﬂi’lﬁa%p Reutioh N0
vol une of 0.84 ¢ b| cgg 2&@% gi !It"ers a{%s operated at a 20 pressure
drop of about 0. ml"@‘zyo% err]) and | ess than 10% f | ood,
with a recirculation flow of about 2.5 gallons per mnute (0.16 liter per

second) nomnal or 5

This invention lies in the field of the manufacture of high-precision electronic
components, and relates to the preparation and handling of the ammonia used as a
10  treatment agent in the mamufacture of such components.

- BACKGROUND OF THE INVENTION _

A major concern at every stage in the manufacture of electronic components is
contamination. Control of contamination is critical to product quality, and an extremely
high level of cleanliness and purity in the manufacturing environment is needed for

15 obtaining acceptable product yield and maintaining profitability. These requirements are
particularly acute in the manufacture of very high density circuitry as well as in ultra-
precision bearings, recording heads and LCD displays.

Sources of contamination include the manufacturing facility, personnel and
processing equipment. In many cases, contamination can be lowered to acceptable levels

20 by the use of "clean room" techniques such as isolation, air filtration, special equipment
and special clothing and body coverings to avoid contact between the operator and the
manufacturing materials. With ultra-high precision manufacturing, however, the highest
levels at which defects can be tolerated are particularly low and control over sources of
contamination is even more critical.

. 25 Ammonia presents particular difficulties, since liquid ammonia contains both solid
and volatile impurities, many of which are damaging to electronic components if present
. during the manufacturing process. The impurities level and content may vary widely

depending on the source as well as the handling method, and all such impurities must be
removed before the ammonia can be used in electronic component production lines.

30 To meet this standard, production facilities have had to obtain high-quality
ammonia at considerable cost from the limited sources which are able to supply ammonia



gallons per mnute (0.32 liter per second) at 20%flood, with the gas inlet
:bel ow t he packing, and the liquid inlet above the packing but bel ow the

m st renoval section. Preferred packing materials for a colum of this
description are those which have a 25 nom nal di mension of |ess than
one-ei ghth of the colum dianeter. The mi st renoval section of the colum
wi |l have a n¥P&Bke packing, and is ot herw se conventi onZCT{U§ISN7649
construction. It should be understood that g | descriptions and di nensions
ih this paragraph are exanples only. Each of the system paraneters may be

varied. |n"typataalacceptablegrade. thyrquaﬁﬁedsmppliemuadbé)vsem sl newasupplidrs Amst be

Ser ubbi ng “nﬁé.e %mﬁ* Sl (in pelafiePel? T e A b O g} add | 19

liquid in the Y8 SOMPAEMSdi cal |y to reane accunul at ed

i mpurities. Exanpl axrﬂnérdﬁﬁmulmdslaase iﬂmbeﬂnngepMneﬂmﬁ\Zkahspgrmion reguiatibhe r

i nclude reagti ﬁﬁnﬁéﬁhﬁi @,gppgq r 0% (AsH3),
hal i des and hydr1 des ow‘ﬁﬁospﬁ&r u mgrnsﬁ'gﬁlﬁ:% Janlg antl m)ny‘ transition
nmetal halides in a@eé‘!l JER S mem%m level

hydrides. As awmm high! yi€ld fof atceplablp produceh Wieé-RighGaétisiol doRfjonents,
contain one or re addltlv to deco o g‘ or %ervm se eh@q hat e speC|f|c
types of inpur We%gf‘fe st age _
distillation in the | i quid ammoni a supply reservoir. 01e such )

SUMMARY OF THE INVENTION

10 It has now been discovered that ammonia can be supplied to a production line for
high-precision electronic devices in ultra-high purity form by use of an on-site system
which draws ammonia vapor from a liquid ammonia reservoir, passes the ammonia vapor
through a microfiltration filter, and scrubs the filtered vapor with high-pH purified water
in a liquid-vapor contact unit such as a scrubbing tower or a bubbler unit. The uniqueness

15  of this discovery is that it can convert 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, eliminating non-volatiles or high-boiling impurities,
such as alkali and alkaline earth metal oxides, carbonates and hydrides, transition metal

20  halides and hydrides, and high-boiling hydrocarbons and halocarbons. The reactive
volatile impurities that could be found in commercial grade ammonia, such as certain
transition metal halides, Group III metal hydrides and halides, certain Group IV hydrides
and halides, and halogens, previously thought to require distillation for removal, are now
discovered to be capable of removal by scrubbing to a degree which is adequate for high-

25  precision operations. This is a highly unusual discovery, since scrubber technology is
traditionally used for the removal of macro-scale, rather than micro-scale, impurities. In
the present invention, the liquid-vapor contact unit lowers the levels of impurities which
are damaging to semiconductor wafer manufacture to less than 1 ppb per element or less
than 30 ppb total. For operations where even greater purity is desired, distillation may

30 also be performed subsequent to the scrubbing. An advantage of the invention, however,
is that if distillation is inciuded, the liquid-vapor contact unit considerably lessens the
burden on, and design requirements for, the distillation column, enhancing the product
purity even further. The removal of impurities which are close-boiling relative to
ammonia, such as reactive hydrides, fluorides and chlorides, simplifies the distillation

35 column design considerably. While this system and process are applicable to ammonia



possi bl e additive is hydrogen peroxide, which is useful in deconposing
:organi ¢ contam nants. Qther possible additives are various types of

catal ysts for deconposi ng specific contam nants. 5 The units
described up to this point nay be operated in either batchw se, continuous
or sem -continuous manner. Continuous or sem -continuous operatlon i S
preferred. ThYOMPBHMRtric processing rate of the amonia purRGI/YSIFP7s4P
systemis not critical and nay vary widely. 3 n nost operations-fer which
the present invention is contenplated for use, however, the flowrate of
anmoni a t hr ougHilizationsites at-high-precisiomgredvction heesnamgwdf theljpvention is ofqRirtionlss

to about 500, GRferesf for Y PiRT: dnbﬁaﬂaﬁﬂoﬁhﬁsﬂ%%aﬁﬁbn&ﬁ&r%féﬂ&éﬁﬁ? shiibhd. | €d
by distillation prlggét u‘?}ﬁ#éﬁe endln on the t,|c

manuf act uri ng proc e Dpments, & ﬁﬁalaﬂ’ ﬂ/ﬂfeﬁet he
amonia i s.i ntiamiaandlbempparcntcftmth:admmpon wmmno\vs)n for exanpl e, the
I ncl usion of a dehydration unit and a distillation unit in the systemwl|

be 15 beneficial. The distillation colum may al so be operated in either
bat cHwi se, continuous or sem -continuous manner. In a batch operation, a

typi cal opérating pressure nBRIEFBESCRIPTION(GF THE DRAWENGS:ch absol ute
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of 1.5 inches and 4 val ent, Iates he b0|Ier S|ze In this
exanple is ab gpﬁtWﬁ’edﬁ’@M@F‘i 88 OpgEX fin

| engt h, wilOh aanrim’phnentaabnofdiepl'eﬁntmwehmnm rcul ating ch| I | ed water enters
at 60[err]F (15.6[err]C) and |leaves at 90[err]F (32.2[err]C). Again, this
Is nmerely an

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

In accordance with this invention, ammonia vapor is first drawn from the vapor

space in a liquid ammonia supply reservoir. Drawing vapor in this manner serves as a

15  single-stage distillation, leaving certain solid and high-boiling impurities behind in the
liquid phase. The supply reservoir can be any conventional supply tank or other reservoir
suitable for containing ammonia, and the ammonia can be in anhydrous form or an
aqueous solution. The reservoir can be maintained at atmospheric pressure or at a
pressure above atmospheric if desired to enhance the flow of the ammonia through the

20  system. The reservoir is preferably heat controlled, so that the temperature is within the
range of from about 10°C to about 50°C, preferably from about 15°C to about 35°C, and
most preferably from about 20°C to about 25°C.

Impurities that will be removed as a result of drawing the ammonia from the vapor
phase include metals of Groups I and II of the Periodic Table, as well as aminated forms

25  of these metals which form as a result of the contact with ammonia. Also included will be
oxides and carbonates of these metals, as well as hydrides such as beryllium hydride and
magnesium hydride. Further included will be Group III elements and their oxides, as well

. as ammonium adducts of hydrides and halides of these elements. Still further are
transition metal hydrides. Heavy hydrocarbons and halocarbons such as pump oil will also
. 30 be included. '

The ammonia drawn from the reservoir is passed through a filtration unit to remove
any solid matter entrained with the vapor. Microfiltration and ultrafiltration units and
membranes are commercially available and can be used. The grade and type of filter will
be selected according to need. Preferred filters are those which eliminate particles of



exanple; distillation colums varying widely in construction and
soper ati onal paraneters 25 can be used. Depending on its use, the purified
anmonia, either with or without the distillation step, may be used as a
purified gas or as an aqueous solution, in which case the purified ammonia
is dissolved in purified (preferably deionized) water. The proportions and
t he means of “ﬁ&gﬁ re conventional. 30 A 1 ow chafCTRSBthg one
exanpl e of an ammonia purification unit in a&cordance with this invention
is shown in FIG 1. Liquid ammpniia is_stored in a reservoir 11. Amo

vapor 12 is dr&@pp WWPEW%&%&B@WWWWW@Q@H%@%@W3
through a shutmici'ompémaek&e then through a filter 14. The filtered amoni a

vapor 15, whose fl

i Tected to a scrupier el el e YorfhoBia ik g pRCblnteS ot hentny ahigifeq
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circulation pupp, 21, an lJj.quid | eve ontrolle ﬂ%/ a |level sen
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col urm 27 wherSoneefra; ton, The: scEebber, may, be comyepien y Operated as a conventionsl
10 scrubbmg column mcountercurrent fashion. Although the operating temperature is not

critical, the column is preferably run at a temperature ranging from about 10°C to about
50°C, preferably from about 15°C to about 35°C. Likewise, the operating pressure is not
critical, although preferred operation will be at a pressure of from about atmospheric
pressure to about 30 psi above atmospheric. The column will typically contain a
15  conventional column packing to provide for a high degree of contact between liquid and
gas, and preferably a mist removal section as well.
In one presently preferred example, a scrubber column is used with a packed height
of approximately 3 feet (0.9 meter) and an internal diameter of approximately 7 inches
(18 cm), to achieve a packing volume of 0.84 cubic feet (24 liters), and is operated at a
20 pressure drop of about 0.3 inches of water (0.075 kPa) and less than 10% flood, with a
recirculation flow of about 2.5 gallons per minute (0.16 liter per second) nominal or 5
gallons per minute (0.32 liter per second) at 20% flood, with the gas inlet below the
packing, and the liquid inlet above the packing but below the mist removal section.
Preferred packing materials for a column of this description are those which have a
25 nominal dimension of less than one-eighth of the column diameter. The mist removal
section of the column will have a more dense packing, and is otherwise conventional in
construction. It should be understood that all descriptions and dimensions in this
paragra;;h are examples only. Each of the system parameters may be varied.
' In typical operation, startup is achieved by first saturating deionized water with
30 ammonia to form a solution for use as the starting scrubbing medium. During operation of
the scrubber, a small amount of lignid in the column sump is drained periodically to
remove accumulated impurities.
Examples of impurities that will be removed by the scrubber include reactive
volatiles such as silane (SiH,) and arsine (AsH,), halides and hydrides of phosphorus,
35 arsenic and antimony, transition metal halides in general, and Group III and Group VI
metal halides and hydrides.
As a further option, the high-pH purified water can further contain one or more
additives 1o decompose or otherwise eliminate specific types of impurities which were not



resulting distilled anmonia 28 is then directed to the point of use. 5

(2) A dissolving unit 29 where the ammonia is conbined with dei oni zed wat er
30 to form an aqueous solution 31, which is directed to the point of use.
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depending on the particular type of manufacturing process for which the ammonia is being
purified. When the ammonia is intended for use in chemical vapor deposition, for
example, the inclusion of a dehydration unit and a distillation unit in the system will be

15  beneficial. The distillation column may also be operated in either batchwise, continuous or
semi-continuous manner. In a batch operation, a typical operating pressure might be 300
pounds per square inch absolute (2,068 kPa), with a batch size of 100 pounds (45.4 kg).
The column in this example has a diameter of 8 inches (20 cm), a height of 72 inches (183
cm), operating at 30% of flood, with a vapor velocity of 0.00221 feet per second (0.00067

20  meter per second), a height equivalent to a theoretical plate of 1.5 inches (3.8 cm), and 48
equivalent plates. The boiler size in this example is about 18 inches (45.7 cm) in diameter
and 27 inches (68.6 cm) in length, with a reflux ratio of 0.5, and recirculating chilled
water enters at 60°F (15.6°C) and leaves at 90°F (32.2°C). Again, this is merely an
example; distillation columns varying widely in construction and operational parameters

25 can be used.

Depending on its use, the purified ammonia, either with or without the distillation
step, may be used as a purified gas or as an aqueous solution, in which case the purified
ammonia is dissolved in purified (preferably deionized) water. The proportions and the
means of mixing are conventional.

30 A flow chart depicting one example of an ammonia purification unit in accordance
with this invention is shown in FIG. 1. Liquid ammonia is stored in a reservoir 11.

. Ammonia vapor 12 is drawn from the vapor space in the reservoir, is then passed through
a shutoff valve 13, then through a filter 14. The filtered ammonia vapor 15, whose flow
is controlled by a pressure regulator 16, is then directed to a scrubbing column 17 which

35 contains a packed section 18 and a mist removal pad 19. Saturated aqueous ammonia 20
' flows downward as the ammonia vapor flows upward, the liquid being circulated by a
circulation pump 21, and the liquid level controlled by a level sensor 22. Waste 23 is

drawn off periodically from the retained liquid in the bottom of the scrubber. Deionized



A conventional cleaning line for sem conductor fabrication is depicted in
FIG 2. The first unit in the cleaning line is a resist stripping station
41 where aqueous hydrogen peroxide 42 and sul furic acid 43 are conbi ned and
applied to the sem conductor surface to strip off the resist. This is
succeeded by a rinse station 44 where deionized water is 30 applied to
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are suitable for producing ammonia with less than 100 parts per trillion of any metallic
impurity. For certain uses, however, the inclusion of the distillation column 27 is
15 preferred. Examples are furnace or chemical vapor deposition (CVD) uses of the
ammonia. If the ammonia is used for CVD, for example, the distillation column would
remove non-condensables such as oxygen and nitrogen, that might interfere with CVD. In
addition, since the ammonia leaving the scrubber 17 is saturated with water, a dehydration
unit may be incorporated into the system between the scrubber 17 and the distillation
20  column 27, as an option, depending on the characteristics and efficiency of the distillation
column.
With any of these alternatives, the resulting stream, be it gaseous ammeonia or an
aqueous solution, may be divided into two or more branch streams, each directed to a
different use station, the purification unit thereby supplying purified ammonia to a number
25  of use stations simultaneously.
AmmnwmﬁmmldmmmgﬁneﬁnsanhmﬁmmnfﬂnhmkmismqmmminIWG.1
The first unit in the cleaning line is a resist stripping station 41 where aqueous hydrogen
peroxide 42 and suifuric acid 43 are combined and applied to the semiconductor surface to
strip off the resist. This is succeeded by a rinse station 44 where deionized water is
30 applied to rinse off the stripping solution. Immediately downstream of the rinse station 44
is a cleaning station 45 where an aqueous solution of ammonia and hydrogen peroxide are
applied. This solution is supplied in one of two ways. In the first, aqueous ammonia 31
from the dissolving unit 29 shown in FIG. 1 is combined with aqueous hydrogen peroxide
46, and resulting the mixture 47 is directed to the cleaning station 45. In the second, pure
35 gaseous ammonia 32 from the like-numbered line in FIG. 1 is bubbied into an agueous
~ hydrogen peroxide solution 48 to produce a similar mixture 49, which is likewise directed
to the cleaning station 45. Once cleaned with the ammonia/hydrogen peroxide
combination, the semiconductor passes to a second rinse station 50 where dionized water is



conveyed fromone workstation to the next by a robot 63 or sone other
conventional neans of achieving sequential treatnent. The neans of
conveyance may be totally automated, partially autonmated or not automated
at all. Note that purified HCl for the acid cleaning station 54 may be
prepared and s v@g lied on site in a manner simlar to that of the 10
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bstituting units not shown concept of the on-site preparation of high-purity aqueous

15 ammonia however in accordance with this invention is applicable to all such systems.
The use of ammonia and hydrogen peroxide as a semiconductor cleaning medium at
workstations such as the cleaning station 45 shown in FIG. 2 is well known throughout the
' industry. While the proportions vary, a nominal system would consist of deionized water,
29% ammonium hydroxide (weight basis) and 30% hydrogen peroxide (weight basis),
20 combined in a volume ratio of 6:1:1. This cleaning agent is used to remove organic
residues, and, in conjunction with ultrasonic agitation at frequencies of approximately
1 MHz, removes particles down to the submicron size range.
The ammonia purification system will be positioned in close proximity to the point
of use of the ammonia in the production line leaving only a short distance of travel
25 between the purification unit and the production line. Alternatively, for plants with
multiple points of use for purified ammonia, the ammonia from the purification unit may
pass through an intermediate holding tank before reaching the points of use. Each point of
use will then be fed by an individual outlet line from the holding tank. In either case, the
ammonia can therefore be directly applied to the semiconductor substrate without
30 packaging or transport and without storage other than a small in-line reservoir, and thus
without contact with the potential sources of contamination normally encountered when

¢ chemicals are manufactured and prepared for use at locations external to the manufacturing
facility. The distance between the point at which the ammonia leaves the purification
’ system and its point of use on the production line will generally be less than about one foot

35 (30 cm). This distance will be greater when the purification system is a central plant-wide
system for piping to two or more use stations, in which case the distance may be two
thousand feet (6,100 m) or greater. Transfer can be achieved through an ultra-clean
transfer line of a material which does not introduce contamination. In most applications.
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Met hods of U for\attitie \efoval; ActiVatedcHAR6A filbrktibnlth F&fove! cAithifie GRd 'tAtds W orpAti
matter; diatomaceous earth filtration; anion exchange to remove strongly ionized acids;
mixed bed polishing, containing both cation and anion exchange resins, to remove farther
ions; sterilization, involving chlorination or ultraviolet light; and filtration through a filter
of 0.45 micron or less. Reverse osmosis methods will involve, in place of one or more of

15  the units in the jon exchange process, the passage of the water under pressure through a
selectively permeable membrane which does not pass many of the dissolved or suspended
substances. Typical standards for the purity of the water resulting from these processes
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

20  150/cm’ and a parsticle size of less than 0.2 micron, a microorganism content of less than
about 10/cm®, and total organic carbon of less than 100ppb.

In the process and system of this invention, a high degree of control over the
product concentration and hence the flow rates is achieved by precise monitoring and
metering using known equipment and instrumentation. A convenient means of achieving

25  this for ammonia is by vapor pressure measurement. Other methods will be readily
apparent to those skilled in the art.

The foregoing is offered primarily for purposes of illustration. It will be readily
apparent to those skilled in the art that further modifications, substitutions and variations of
various kinds can be made in terms of the many system parameters discussed above

30 without departing from the spirit and scope of the invention.
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2. A system in accordance with claim 1, in which said liquid-vapor contact
unit is a scrubber.

3. A system in accordance with claim 2, further comprising a distillation
column arranged to distill vapor emerging from said scrubber.

4. A system for the manufacture of a high-precision electronic component,
said system comprising:

(a) a production line containing a plurality of workstations successively

arranged for treating a workpiece to be formed into said electronic component, one
5 such workstation selected for application of ammonia to said workpiece;

(b) means for conveying said workpiece to said workstations in succession
along said production line; and

(c) a subunit adjoining said production line at said selected workstation to
supply said ammonia in ultra-bigh purity form, said subunit comprising:

10 (i) a reservoir of liquid ammonia with a vapor space above said liquid
ammonia;
’ (ii) means for drawing vapor containing ammonia gas from said vapor
space;
(iii) a filtration membrane removing particles greater than 0.005
15 micron from vapor thus drawn; and

(iv) a liquid-vapor contact unit arranged to contact filtered vapor
having passed through said filtration membrane with an aqueous solution of
ammonia in deionized water, thereby producing purified ammonia gas: and
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sai d system conpri si ng:

5. A system in accordance with claim 4 in which said liquid-vapor contact
unit is a scrubber.

6. A system in accordance with claim 5 in which said subunit further
comprises a distillation column arranged to distill vapor emerging from said scrubber.

7. A system in accordance with claim 5 in which said subunit further
comprises means for combining said purified ammonia gas with purified water to form an
aqueous ammonia solution.

8. A system in accordance with claim 5 in which ammonia purified by said
. subunit leaves said subunit at a location positioned within approximately 30cm of said
means for applying the product of step (c) directly to said workpiece.

9. A system in accordance with claim 5 in which said subunit is sized to
produce said purified ammonia gas at a rate of from about 200cc/h to about 2L/h.

10. A system in accordance with claim 5 in which components (ii), (iii) and
(iv) of said subunit are arranged for continuous or semi-continuous flow.

- 11, A method for supplying a high-purity ammonia reagent to a workstation in
a production line for the manufacture of a high-precision electronic component, said
method comprising:
.(a) drawing ammonia gas from a vapor space above liquid ammonia in an
5 ammonia-containing reservoir;
(b) passing said ammonia gas through a filtration membrane removing
particles greater than 0.005 micron therefrom;
(c) passing said ammonia gas thus filtered through a liquid-vapor contact
unit whereby said ammonia gas is contacted with an aqueous solution of ammonia
10 in deionized water; and
(d) recovering said ammonia gas emerging from said liquid-vapor contact
unit and directing said ammonia gas to said workstation.

“‘ﬁﬁ’iiﬁ M
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14. A method in accordance with claim 11 farther comprising passing said
ammonia gas through a distillation column for further purification prior to directing said °
ammonia gas to said workstation.

15. A method in accordance with claim 11 further comprising:

(c’) passing said ammonia gas from said liquid-vapor contact unit through a
distillation column for further purification, and dissolving said ammonia gas
emerging from said distillation column in purified water pnor to directing said

5 ammonia gas to said workstation.

16. A method in accordance with claim 11 in which step (c¢) is conducted at a
temperature ranging from about 10°C to about 50°C.

17. A method in accordance with claim 11 in which step (c) is conducted at a
temperature ranging from about 15°C to about 35°C.

18. A method in accordance with claim 15 in which steps (c) and (c”) are
conducted at a temperature ranging from about 15°C to about 35°C.

19. A method in accordance with claim 11 in which step (c¢) is conducted at a
temperature ranging from about 15°C to about 35°C and at a pressure of from about
atmospheric pressure to about 30 psi above atmospheric pressure.

. 20. A method in accordance with claim 1S in which steps (c) and (c’) are
. conducted at a temperature ranging from about 15°C to about 35°C and at a pressure of
from about atmospheric pressure to about 30 psi above atmospheric pressure.

21. A method in accordance with claim 11 in which said liquid-vapor contact
unit is positioned within approximately 30cm of said workstation.
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(d) recovering said amoni a gas energlng fron1sa|d | i qui d-vapor contact
.unit and directing said ammoni a gas:t-o sahd Mor kst at i on. 11 11. A nethod
in accordance with claim10 in which said I|qU|d vapor contact unit is a
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A nmethod in accordance with claim 10 furthegr conprising passing said
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directing said ammoni a gas to said workstation. 14. A nethod in accordance
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tenperature rangi ng fromabout 15[err]C to about 35[err]C 17. A nethod in
accordance with claim14 in which steps (c) and (c') are conducted at a
tenperature rangi ng fromabout 15[err]C to about 35[err]C 18. A nethod in
accordance with claim 10 in which step (c) is conducted at a tenperature
rangi ng from apgyisoksy €] C to about 35[err]C and at a pressure of from
about at nospheric pressure to about 30 psi Zggove at nospher i c POTAIS95A7619 19.
A method in accordance with claim 14 in whi steps (c) and (c') .are .
conducted at a tenperature ranging fromabout 15[err]C to about 35[err]C
and at a pressure of from about atnospheric pressure to about 30 psi above
at nospheric pressure. 20. A nethod in accordance with c¢iaim 10 in which
said |iquid-vapor contact unit is positioned wthin approximtely 30cm of

sai d wor kstati on. 12 21. A nethod in accorgance with claim FL4 in which
said distillation colum is positioned wthinfapproximately 30cm of said
wor kst at i on. by
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