nmeasuring and controlling the water content of a water containing |iqui 4,
m xt ure wo obleg3r esent invention generally relates to an EppEPEII0ESsand a
met hod for nmeasuring as well as controlling the water content of water
containing liquid mxture contained ijn a tank. 10 In particular, the
present invention relates to an apparatus and a nethod fo b e S
control of the water content in so-called HOT PHOS (hot ph@@ﬂ@ﬁﬂﬂﬁﬂ@mtd)
bat hs. Usually, in the manufacture of sem conductor integ uits,
HOT PHOS baths are used for wet-etching of silicon ni tride. 884¥ton

nitride is _generally used as a masking |ayer.. Wen it pbecones necessary to
. remove MRENST) AEGh aRPALAFA SESK, Wﬁﬁ%ﬁ%HWQIQRﬂ EHH Ny WL ot PHus phor i ¢

aci d at ¢d606nti UF appmaddrmaiceitys i86 nat -1%gd3RD4niixecwsed. 20 H3P04 Si 3N4 + 6HO
3Si02 + 4NH3 (Equation 1) 25 Since the etching rate of silicon nitride is
nore” than ten tinmes higher than the etching rate of silicon dioxide,

si | i conThiet piresarns: setveattiicel Westeotedd.y Hedaters tovean rgropdxatiud andrs

i nfluen i e of sidd ity j 1 i.oxide: i)
t he bat ﬁ'%tt l;él%gief‘ftrfft@urnreﬂegil \51“?'{:]}% saégg‘%éltslo a!r‘r‘%atfl{%{/}ltra%}c%:loinlst %an%)&e%%%@%%gar ound
160C anefi wetehe agmterinsiors drhitquwifd iecthrteh. corfe i@ @rikontiednk of the bath
vari es because of the continous water evaporation due to the high
tenperature, the water 35 evaporation during |id opening and the chem cal

r eat? i oA NaPANGICEEY BB LTSEHart NERGHIT arft 1 2Rint© oD vRRRF L § sUS

cont i NoUslY =8 @b WdNEHE rHicas ssoftiol B fHoOokdte tontwit inWO

(12/273% ké%f?gg[§g¥Jﬁé&§8&mm phosphoric acid) baths.

; Z[ e3e6J6G (H6~T28 WO 02/ 27310 PCT/ EPO1/10188 1 Method and appar at us f%

Usually, in the manufacture of semiconductor integrated cir-
15 cuits, HOT PHOS baths are used for wet-etching of silicon ni-
tride. Silicon nitride is generally used as a masking layer.
When it becomes necessary to remove the silicon nitride mask,
normally, wet etching with hot phosphoric acid at 160°C with
approximately 85 wt-% H3;PO, is used.
20

HL,PO .
) 3FV4 . (Equation 1)
Sl3N4-+6H20 /38102-F4NH3

25 Since the etching rate of silicon nitride is more than ten
times higher than the etching rate of silicon dioxide, sili-
con nitride is selectively etched. However, two important
factors influence the etching rate of both silicon nitride
and silicon dioxide: 1) the bath temperature which is nor-

30 mally a constant temperature at around 160°C and ii) the wa-
ter content of the bath.

The water content of the bath varies because of the continous
water evaporation due to the high temperature, the water

35 evaporation during lid opening and the chemical reaction as
indicated above. So far, a constant amount of water is conti-

nously spiked during the process, but this procedure is not
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wel |l controlled and the anount of spiked water is often determ ned
enpirically. In order to maintain constant the water content in a phospho5
ri c aci diwgaizersmystem used for silicon nitride etching, USXpPRPENDISSO. 5 779
927 suggests an apparatus and a nethod, in which the liquid acid evaporant
is condensed and returned to the nmai npvolunme of the acid. In order to
control the anmount of pure water added, either the pH of the condensed
evaporant 10 is nmeasured or, alternatlvely, t he conduct|V|t§§of t he

phosphored lacGem ke bred yar@ntie #aelnl coff * $RWEe@r vakfEs &S nehEaRefent

mechani agr@rmlrwémv&n@ﬁgéaﬂyuctur al changes of the etching apparatus. In
particular, a spe 15 cial piping has to be attached to the apparatus in
order to return the condensate via the pH neter to the acid bearing

cont ai nelm dides ttdﬂen&imamncmteaztt ofh¢ heapeeseohtenvenhi enphosphovi de 20

an i ppraove a, \Y; for he ,i u_neasur enent of
+ t he gzter(%oﬁgﬂﬁjWé¢g% %&%E§% ﬁﬁg H?%f |ch %én %lnsgﬁéfe reover,
it is arpaiprEetNof $H€7%r%%%n$ug®@%m$|@m apppravidead anmenbadvedn

appar at :‘?&E’ e | TPEQYE, EF& hogl, &%ﬂ@elé” éh&HnEQHt éﬂh QEEEQEe&ﬁESV

cont ent a hot liquid mxture contains water. According to
present ﬁh@éﬁﬁ%%hvo%¢mﬁa%%v%h%b?%%@s B eoBBenCchPeventEylt Kecapparatus of

claims loanshife &ﬁa&‘@i'a@ée&heeﬂﬁﬁ@@dﬁh@f?@@fnﬁh@ @aﬂdéﬁseaeévaﬁb!r&ﬁty The
present jnvention provi de an ‘E\E, suri.n er content of

a waPer COMBTHG PHui d E‘F‘;?P% ta‘?lﬁ%d"%’% ﬁté"gﬁﬁko £cHhprPEPAG a
heat i ng iyt te dotdltwatenl syagenhes treapenasdre of said liquid mxture to a
tenperature near the boiling point of said |liquid m xture, a cooling nmedi um
Sys WO f12/273111 3 PCT/EP0O1/ 111188 tem disposed at the top of the tank,
havi ng dowaveng vedsemeabetenedt anecbhnhgnaeinuolvat mefj prastenper at ur e

h t bet
Cool | ng TR a8 of LA TLOLAIG b RPN 16 BubLTLERRE, °8 UBED oo
for 16al cedat i mgping hatekochbat ahtashedatd thUaﬁpﬁrﬁtUSelﬁr ordszi go

t enper atfé@uﬁhféﬁéeﬂéﬁdeﬁga@g%ia%etﬁﬁ REESBNEo! BMENGL9R BEAYHHAES an

apparatus for,controlling the water content of a water containingliquid
container.

It is therefore an object of the present invention to provide
20 an improved apparatus and an improved method for the in-situ
measurement of the water content of a hot liquid mixture

which contains water.

Moreover, it is an object of the present invention to provide
25 an improved apparatus and an improved method for the in-situ
control of the water content of a hot liquid mixture which

contains water.

According to the present invention, the above objects are
30 achieved by the apparatus of claims 1 and 8 as well as the
methods of claims 9 and 10, respectively.

The present invention provides an apparatus for measuring the

water content of a water containing liquid mixture contained
35 in a tank, comprising a heating device for controlling the

temperature of said liquid mixture to a temperature near the

boiling point of said liquid mixture, a cooling medium sys-



10 m xture conprising the apparatus for neasuring the water content of a
wat er containing liquid m xture as defined above, a tank for supplying
wat er towsgaidxb7bioqui d m xture, and a control system for adpOFEPHIgIOISse anmpunt
of water supplied fromthe tank on the basis of the water content neasured
by said 15 apparatus for neasuring thg water content. Mreover, the present
i nvention provides a nethod for neasuring the water content of a water
containing liquid mxture contained in a tank with a cooling nmedi um system
di sposed:en, 2dispesedpabf thhetepPghf Ehentanky hawkndsai §oesérEngefadium
system hayi &g 2ng&089! 081 1RYi Ma¥i fhebudndra §08kinparARdiriMmeHkLeement
conprising the steps of controllbng t he tengeratur% of said liquid mxture
L to a terpEEehr ECReRFCERBIRLRAsFEPORCHBRRELUF s G IRFGTFE MERIGED,
det er m el 1he medpenainlet2andi tbel engembdt urenucdeki, ngndedi awompnitet and
cooli_ng nediymoutlet, and calcul atj t he water content of. .sgi.d l.i.quid
. mixtare 9 %%}ﬁetgﬁfe?ﬁ?ﬁpgag?PQekg%cgégﬁﬁrFﬁgFﬁSFeP%t St rggghld
i nvent i anixptrove désom sefibdodefmperebnr80dtiifbfklrenget.he wat er content of a
water containing liquid m xture conprising the steps of the nethod for
measuring the water content of a water containing |liquid mxture as defined
above anbhtad@dstépnofthe) psepagtt havanbaan Qromég@ﬁ Sapplredatiemigrnat er
suppl y tanke 0911 faqbaakswatelhecieastr 8¢ Walake35 coRbeMting 1WQUY 273111 4
PCT/ EPOL/| U 8t 3 The tenperature of the liquid mxture is_preferably to be
hel dOconB+ak¥re TREMPF eFéPPeAhENBBRANERES APE HERFNEDFn Hiite VadSEnFoRT 5
gl ai msb %_Qﬁt rreﬂsa][eaeat Qbhﬂéﬁﬁ%ﬂgUEﬁiquﬁyﬂ mgéc};heepaesselraatfﬂnreweraudﬁm ,vm'alhl be
escri be ith reference to a, pho ori. cid.water systemwhich is the
Nater conPBEnFRG FRBRTILAEXHarBE, FO, AB o TEHHel MO Ronavdy = Gre™
descri betirappayatas &nd aAethediognthksambentsed wattleramppgtiied |G d
m xture LC nt ai : i i d e r re.n .the
boi l'i ng %@?npagg %ﬁegﬁﬁg%%%aﬁigguggé %@QEE Eghtggks§§%5%%§ﬁfEPE%%E‘Q, t he
boi llisng ppparabiisphosphernsuravgd thepwadsrogonienhosphoric acid
concentration. Figure 3, which is taken fromW van Celder, V. E. Hauser,
J. Electrochem Soc., 114, 869 (1967), illustrates the dependence of the
boi | i ng BOFREVEF , phBSpREFEENACLBVERLLRE PROYHRSH @ FGtRChFoX Med™at i on
at a pressyrenef whtB8#3cont@ntPaf Bheageduiionth ieMarpnated dvatistfe a
on the concentration of

m xture at _a constant _t rature depends only..

water i nCPREFTGG dnPxEAPE. MSEPTH SORMAEE FSHINE SYREEN G FERED R ool i ng
| i d20r gheondensdt the ltiggkti chgedataly acrankop sefid keqirogesediamk,sys-
respectiyely, Si.nce_the Li. re.wat ol_ed, _t i LS.

accel er aF%r&. h?ﬁ%n?aﬁkc:gg 16?@ glre gﬁ}&% gL%tli%ghta%c .gm%gtoﬁéq}%gg%a&fg‘pl%%ever, as
t he syst &ati scawprasdngs édesypsepm Oiercontsod ldaw itheud dmpeyradfunsy ggfor at ed

water. Begsides iblid miakehd $02kS e apRsuTRE-DNdNe HiRAGIA 4834 | bed in
Equation 1. .The "basic | ea,ungerlyl ng the present invention is to neasure

35 the tBRpBFaPlr 62dPf fdcdice MiFdvesd B S iedmeeida itGFRSE S r) T(cr)
bet ween gogkiRgndal Bk tiveenakdQU e imedfi unh & raetdenthtd 1 dridene BAtund

COhStantoLL?%&?ngn% %%&%h %%i%%n%ﬁéga%E%rpEontent of said liquid mix-

ture from said temperature difference.

Furthermore, the present invention provides a method for con-
30 trolling the watexr content of a water containing liquid mix-
ture comprisging the steps of the method for measuring the wa-
ter content of a water containing liquid mixture as defined
above and the step of adjusting the amount of water supplied
from a water supply tank on the basis of the measured water

35 content.



WO t12/273111 5 PCT/ EPOL/ 111188 the cooling nmedium the tenperature
difference between inlet and outlet of the cooling lines is dependent on

t he condewsaizemn rate: 5 OT (cr) - T2 (cr) - T~, wherein ACYEP)I/1dessot es t he
tenperature of the cooling nmediumoutlet, and Tl denotes the tenperature of
the cooling mediuminlet. 7. 0 The tegpperature difference (err)T(cr) is
proportional to the amount of evaporated water nmH2Cevap. The anount of
evaporated water is inversely proportional to (err)Tb. As shown in figure 3
(err) Tb The ttrmpRtdtaiescel bdrawebiaeh@ BoREwes | &9 Pepperatbte 6P BS the
current ddayi dopdxd e and the boiling point of the mixture at this

concentration, therefore ~T(Cr) - nmHzOevap ~ | ~aTbh. 20 (err)Tb is inversely
. proportional to the water concentration in the bath, therefore ~Tb .-. 1~
[ HzObat hrhe Phe AGEEEdi dv@bydihdier & odrovdagined ainothdoligseflef€r ) ~

[ H2Opbat h~ .. For the purpose of the present invention, it is required that
.30 both 4 BRAth tenperature and the cooling mediuminlet temperature are
mai nt ai ned constant or at |east tenperature controlled allow ng for

t t i i h .
tenper arihE AEIREAIR Ol LR EOVE und OF D80 LRCMELApBhut0BRERh | 1 g
t enper atwir bl e olessried winperaferendsf teranebosphanlconcifiéwaberi ng

wat er syst e Sy 86k t Os 8 16O PME & PO-IRVE £81 58" 1 £8hed! AlkPGrEhenWaher VO
U2/ 273111 PCT/ EPI11/1U188 6 content of said aquéous sol ution. The conputing

devit8e RBROGH SR FEPYRAYRT sof RRafeshhibrdi 3PERFRCES 2BAPBAELPE FBF

t enper atarr o dbé fes@Acesthf Qhy | dshanCeigquhemaxt atei §hg6hNgohBhonkhRapr ocess
tank andtéP? &ﬂgghaig nefd ggraatggéé%égu£én§éar the boiling point of

the liguid mixture.

15 As can be seen from Figure 3, the boiling point of phosphoric
acid depends on the phosphoric acid concentration. Figure 3,
which is taken from W. van Gelder, V. EB. Hauser, J. Electro-
chem Soc., 114, 869 (1967), illustrates the dependence of the
boiling point of phosphoric acid on the phosphoric acid con-

20 centration at a pressure of 1,013 * 10° Pa.

The amount of evaporated water of a mixture at a constant
temperature depends only on the concentration of water in the
liguid mixture.
25
This water can be condensed back on cooling lids or a conden-
sation line in general on top of the process tank, respec-
tively. Since the lids are water cooled, the condensation is
accelerated. The tank is preferably a tight chemistry tank.
30 However, as the system is not a closed system there is a con-
tinous loss of evaporated water. Besides this, water is also

consumed by the reaction described in Equation 1.

The basic idea underlying the present invention is to measure
35 the temperature difference induced by the condensation rate
AT (cr) between cooling water in- and outlet of the condensa-

tion line. At a constant flow and a constant temperature of



5 The signal representing the calcul ated water content can be used to
adj ust the correct water spiking rate. In sunmary, the apparatus and
met hods wio d2e3present invenlO tion provide the foll owi ngperiEpntiagss: - The
apparatus and net hods of the present invention allow an in-situ control of
the water content in HOT PHOS baths; &ccordingly the etching rate can
exactly be adjusted and stabilized, noreover the life tine of the bath and
the quartz tank 15 can_be extended. - The apparatus and nethod of the
present threrreoing aredhian] ythe temperiogre gl jfererppcpatueenntasaienent
system #sApuidndbdemiEe 451 e |1 Ased i?Q”&éI?énéé(ﬁtE eon f Ohe adbHaLhRg-t he
anmount of water supplied have to be attached to the nor 20 mally used
. etchi ng ¥R t’ALeAccordingly, no big hardware changes are necessary. - The
apparatus and nethod of the present invention can easily be adapted to
ot her spi king progesses w.th cqndensation |ines, the spiking processes
»runn%ng at a coné&gﬁ?gxéﬁp (5135_t fe. The cooling nmediumused for the
present invention can be any suitable cooling nmedium for exanple water, an
appropri i a8, 30 rqi t pr t 1noventiaon, .th
cool i ng ﬁn%e%?%#fs@s@er% ?izené)ﬁzreaérbl\gcgq ggte%eer%téc}‘{p}eeofo fle?lcgﬂapréocgcgj\élslg—I (‘% 3%%(‘.11 ccordi ng
to an empudie®ntand Thelgrassntthanembeomtute dodlliscngamedingniediwused in
the |id pfidihe process tank. In particular, the 35 cooling nmedium can be
i npl enented as a cooling coil conprising one or nore |oops in order to
i nci-8ase the condensing surface . WO (12/2731(1 7 PCT/EPOL/ 1U188 The
i nventi Ofhé n@éx@ﬁeéﬁs;&be batPetbhedi NB(cB) NEE pREpELREEALT atboanhef the HOT
PHOS bath is held within th§ ogtanﬂ%range. Egrt er, praduct uall%¥ is
i ncr eas "By e ht AYAPAEPECS ¥ohst afit=Qeren FAEe2BYENS RE FIAR5HET ne. In
the fol lwaten s piefersely epbogonenvnal tbeApyedentshcowenin ofigwiré be
descri begd.in_detail.. Fiaur illustrates. an arat us _enbodyi t he
pr esent @%:&Sn§%8n§lF§%§ﬁn?ﬁ %eéﬁ gnvﬁéﬁ;cﬁpﬁﬁP%%%a FFF@EFF&%%?yéﬁgexanple
of tlhe ciolti ogrredi uhigysdemixsedei andheheresehingnyennt onf thkemikn a pl an
view, Figyre §%iEﬁyété@ﬁ@énﬁ?&tggﬂ?”gﬁ€f§ﬁ8£ethe boi ling point of 15

p

phosphoric acid on the concentration o osphoric acid.

AT (CI‘) ~ H]I'IZOevap -~ 1/ATb .

20 ATb is inversely proportional to the water concentration in
the bath, therefore

ATb ~ 1/ [HzOpacnl .
25 Accordingly, the following relation holds
AT (cr) =~ [Hz0patnl.

For the purpose of the present invention, it is required that
30 both the bath temperature and the cooling medium inlet tem-
perature are maintained constant or at least temperature con-
trolled allowing for temperature compensation. Moreover, the
bath is held at a constant temperature near the boiling point
of the liquid mixture, i.e. the boiling temperature * 5 %.
35
This temperature difference signal of the cooling water sys-

tem is fed to a computing device for calculating the water



In Figure 1 reference nuneral 1 denotes the process tank housing the HOT
PHCS bath 2 which in the present case is an 20 approx. 86 o H3P04 under

wel | contigod2leshopr ocessi ng condi tions. During the etchi nge@r/eeasi9ssf or
exanple, silicon wafers (not shown) partially coated with a silicon nitride
| ayer, are immersed into the HOT PHOSbath 2. Reference nuneral 3 denotes
the water evaporated fromthe HOT PHOS bath. 25 A heating device (not
shown), for instance jnline heaters, are provided in order to hold the HOT
PHOS batdPrtestt £fofrtdmIieemper e titel Omni THe | SOTPUE Hed pfe¥ere @&8€ near

160C. Tha pIRsSPLids| sertherdreeess 1ankble iSoatom9enBhtai Fopresaure. 30
The process tank %#fgel id cooled by the cooli n%?vvatfr sl/stem4 haijng a

. cool i ng RRRa 5| LERCES cobPT niPoed e ot Pet 8. 19hel€oB8PiNg $AEEr inl et
5 i s helthatprooonst ik t emetrlad Ul 2Ad | andi opet efiperat aeetasnneasaced by a
tenperature sensor 35 11, and the tenperature T2 of the cooling water
coutlet 6 is neasured by a tenperature sensor 7. Control neans {not shown)
are provildedignal deeproseni imai pha cahestbated| varefr coptennO-pn2be73111 8

PCT/ EPOL JAD1E8 £OOLE00- MBS ALEOSTate SOOKING YaLEr system so that the

heat is unitormy carried off. A controller ates the tenperature
difference between the outlet tenperature T2 and the inlet tenperature T1.

The contyold@imaef s e habsatheud seaPpeahone 69nshanpréBehbeiatl,eady state.
In addition a fl ow neter ﬁ(gﬂ?‘gyﬁﬁn can be inserted at the inlet 5. The

f 1 0P metterOTh rRRA LS aER% g PLEHPERLTSE so that the system can
process 1 heharnppdratusd i gud dnétievds 16 Ashe honesent Figuegt 2ont A816wokhng

wat er system.can be diyided into two symmetrical S, C rising a

ffont 1 e el oF kS Febdh SHITRRL, 08 uPL RARE pERY Ehent oa as
a cool i iprdiopgonpne séhghong vateocan| expst 1¥heet ad) syhwet andabtbbanches
axe | of neth il andHIGHLLNRO! M eddes A0dot hent oL LR BERALHECBE LD ecbkned
branches i's neasur ed the tenperature sensor 7. colrse, the coo ing
wat &P sy@arRe fxEEReEBe di vided into nore than two symmetrical branches.

As can be seemndsOrhhgUiRd InetREAt 81PEREL YrEsaht f ehease 1 Ba20hWegR-cool i ng
wat er in]et .and outl i.s given to the corrfuter 8 which is provided with an

appr opr i ‘=t% ]%%fjt%‘?%f 8t ARy he WAPRETRBAFenTeRFur RReHOTSBREER hath can be
det er m neshgutomd hdsviespas ahal® difhecentceol 25yAcsmgnat QE{QMisdQﬁ?by t he

conputer_8 Is given to the valve 9 or.a spjKki u whi.ch controls the
wat er an%h%targ%ﬁﬂﬁ i %@p?ﬁesw}#egaﬂ?vio{?ol ﬁgt ‘%’éggcéh?ge‘@& tg? nB°*t he
wat 80 comkly wied het HlinPHOSabadh. 3Bc@omilihglar ynol higakertiwereiOr PHOS

concent r@ﬁérp%b% ”&f@aﬁgé%ségf _H20 will be evaporated. Consequently the
tenperature difference between cooling water outlet and cooling water inlet

wi || dect eE®, 2RPRIC2 HéS waR@r MephRe ngf helde t BroeenhcieusBEIopnCBBSEaBhe HOT

PHOS cowtw@té&g{?@@@re@swmﬂoéﬁk@ﬁ Whibc88sbs RYBROE8haEnsSRRNsaquent |y
the te rature difference between cooling water outlet and cooling water

inl et witiP$her it eSPLRGNY BT QAEEFEE pF RN Ba3Ct 8 BegbePrEatBUPerany
02/ 2531063/ EP( | 1/ 10188

The cooling medium used for the present invention can be any
suitable cooling medium, for example water, an appropriate
fluid oxr gas.

30
According to the present invention, the cooling medium system
is arranged at the top of the process tank. According to an
embodiment of the present invention, the cooling medium is
housed in the lid of the process tank. In particular, the

35 cooling medium can be implemented as a cooling coil compris-
ing one or more loops in order to increase the condensing

surface.



9 Referring to figure 3 the dashed Iine represents the different possible
states in the bath. Starting for instance, at a H3P04 concentration of

appr oxi matcedy278ih W - % (nmarked as A) 5 the desired tenperapur/ep®fioldd0 C can
not be reached until the water concentration is reduced by boiling to the

relating point of B. Van Gelder and Hapser, J. Electrochem Sec., 114, 869
(1967) 10 reported that the vapor phase in equilibriumwth phosphoric acid
is virtually pure water up to tenperatures of 250 C. Assunming a bath at a

constant tenperature of 160 C without spiking possibility, mainly the water

concentr akjion.| r r i i tion f int C
Gue to 1 nuey Rt o AP SOl SERILY 1S AR IA T
. spi ki ng tetdemc@ft tdg FHHIPRRE dratils dfelhelikard shicorshampkathe state in

the bat h dqg qal Ways-tepimeen-Bunaid duaLl1a8e i1 RYAHadba ASy TRMACDE AYOoye,
(err)Tb isa,1 tg%'e tem 20 pe%ﬁ ure di(%]‘c erlcet?\yéel bet we,enathep%gntrol | ed ﬁé’

_t enpe? at GRS ELGH F&Hte I9HA ¢hE Rarte Hi®% e boi 1 i ng point of the

m xture at a given concentration between B and C. WO 02/27310 10 d ains
PCT/ EPOL/_1U188 aratus for_nmeasuri he te ontent of a, water
cont ai ni A9 g TRRTR & BoRes R hamon i 50 doreTits HhEeS:
heati ng dewncerifldr leormtasdtilay tthe desrgpigrat ure of said liquid mxture (2)
to a tenperature near the boiling point of said liquid mxture (2); - a

cool i ng nmedi um system (4), disposed at the top of the 10 tank (1), having a
cool 1tg Fadume ilnlidtlyshHrafinp @t Gaparp sl avhaining {183 ;pregentendser at ure

measur ement syst eRiehhiQi Fr 48B! NN G itdee Lignperature di fference between
cooling nediuminlet (5 and cooling nediumaoutlet (6); and 15 - a

conmput i n§ 1@dVicce (lytiraft ARt Aattdie @RrBHIO JredhiY YA
m'hxture (2) from m@;e@ tiepefeat e itf fiva[%!iﬁﬂ_-ocrIQ,- ARa 3itri215a fpzwarn*gaﬁéw,i ng
t he water,.content .of. a water cqntaining. |ligqgui xture, according to
clai m 1, WY& % s%ldlsforaﬁ%ﬁa"%éﬁqf?gjﬁ%% it argp%g?%?é\b%%rp%%? e‘?r’? 3.
Appatat us for neagphosphdrie watier oconthentcafcemtweatteiror anft gphosyghdigwi d
m xture (2) accordifyg to claim2, wherein said acid is phosphoric acid.

In Figure 1 reference numeral 1 denotes the process tank
housing the HOT PHOS bath 2 which in the present case is an
20 approx. 86 % H3PO, under well controlled processing condi-
tions. During the etching process, for example, silicon wa-
fers (not shown) partially coated with a silicon nitride
layer, are immersed into the HOT PHOS bath 2. Reference nu-
meral 3 denotes the water evaporated from the HOT PHOS bath.
25 A heating device (not shown), for instance inline heaters,
are provided in order to hold the HOT PHOS bath 2 at a con-
stant temperature, which is in the present case near 160°C.
The pressure inside the process tank 1 is at normal air pres-
sure.
30
The process tank 1 is 1lid cooled by the cooling water system
4 having a cooling water inlet 5 and a cooling water outlet
6. The cooling water inlet 5 is held at a constant tempera-
ture T, which temperature is measured by a temperature sensor
35 11, and the temperature T, of the cooling water outlet 6 is
measured by a temperature sensor 7. Control means (not shown)

are provided in order to maintain a constant flow of the



25 4. Apparatus for neasuring the water content of a water containing
liquid mxture (2) according to any of the preceding clains, wherein said
cool i ng wediwmsionl et (5) is held at a constant tenperaturect/Boimois8ppar at us
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As can be seen from Figure 1, the temperature difference be-

20 tween cooling water inlet and outlet is given to the computer
8 which is provided with an appropriate software so that the
water content of the HOT PHOS bath can be determined from
this temperature difference.

25 A gignal provided by the computer 8 is given to the valve 9
or a spiking pump which controls the water amount supplied by
the water tank 10.

In the course of time, the water content of the HOT PHOS bath
30 2 will vary. In case the HOT PHOS concentration increases,
less HO0 will be evaporated. Consequently the temperature
difference between cooling water outlet and cooling water in-
let will decrease, and the water spiking has to be increased.
In case the HOT PHOS concentration decreases, more H,O will
35 be evaporated. Consequently the temperature difference be-
tween cooling water outlet and cooling water inlet will in-

crease, and the water spiking has to be decreased.
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nently decreased in direction to reference point C due to the

15 fact that the system is an open system.

In case of water spiking the concentration of water is held
nearly constant and the state in the bath is always between B
and C close to point B. As mentioned above, ATy is the tem-
20 perature difference between the controlled temperature of the
current liquid mixture and the boiling point of the mixture

at a given concentration between B and C.
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said liquid mixture (2);
- a cooling medium system (4), disposed at the top of the

10 tank (1), having a cooling medium inlet (5) and a cooling me-
dium outlet (6);
- a temperature measurement system (7) for determining the
temperature difference between cooling medium inlet (5) and
cooling medium outlet (6); and

15 - a computing device (8) for calculating the water content of

said liquid mixture (2) from said temperature difference.

2. Apparatus for measuring the water content of a water con-
taining liquid mixture (2) according to claim 1, wherein said

20 liquid mixture (2) is an acid/water system.

3. Apparatus for measuring the water content of a water con-
taining liquid mixture (2) according to claim 2, wherein said
acid is phosphoric acid.

25
4. Apparatus for measuring the water content of a water con-
taining ligquid mixture (2) according to any of the preceding
claims, wherein said cooling medium inlet (5) is held at a
constant temperature.

30

5. Apparatus for measuring the water content of a water con-
taining ligquid mixture (2) according to any of the preceding

claims, wherein said cooling medium is water.

35 6. Apparatus for measuring the water content of a water con-

taining liquid mixture (2) according to any of the preceding
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7. Apparatus for measuring the water content of water con-

5 taining liquid mixture (2) according to any of the preceding
claims, wherein said cooling medium system (4) is divided
into two or more symmetrical branches each comprising one ore

more loops.

10 8. Apparatus for controlling the water content of a water
containing liquid mixture (2) comprising:
- the apparatus for measuring the water content of a water
containing liquid mixture (2) according to any of claims 1 to
7;
15 - a tank (10) for supplying water to said ligquid mixture (2);
and
- a control system (9) for adjusting the amount of water sup-
plied from said tank (10) on the basis of the water content
measured by said apparatus for measuring the water content.
20 ,
9. Method for measuring the water content of a water contain-
ing liquid mixture (2) contained in a tank (1) with a cooling
medium system (4) disposed at the top of the tank (1), said
cooling medium system (4) having a cooling medium inlet (5)
25 and a cooling medium outlet (6), comprising the steps of:
- controlling the temperature of said liquid mixture (2) to a
temperature near the boiling point of said liquid mixture;
- determining the temperature difference between cooling me-
dium inlet (5) and cooling medium outlet (6); and
30 - calculating the water content of said liquid mixture (2)

from said temperature difference.

10. Method for controlling the water content of a water con-
taining liquid mixture (2) comprising the steps of the method
35 for measuring the water content of a water containing liquid

mixture (2) of claim 9 and the step of adjusting the amount
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