; cde3elL$l (6T$7=# APPARATUS AND PROCESS FOR BULK WET ETCH W TH LEAKAGE
PROTECTI ON FI ELD OF THE | NVENTI ON The invention relates to the general
field of mcroelectronics with particular reference to form

menbranes using corrosive etches. BACKGROUND OF THE | NVENTI Ommwmmmmew
to FIG 1, bulk wet etching is a comonly used process for creati,

menbr ane (such as 14) or through-holes in silicon wafer 11 by u3|ng ’a hot

al kal i ne etchant 13, such as KOH, TMAH (tetranethyl ammoni um hydroxi de),
EDP ( et'hy ARPIRRATUSTAIE PRODESSIFORBULK WETETOHWITH EEAMABESROTECHONA! er front
si de) where various devices and/or circuits 17 are |ocated, nust be

i solated fromany contact with the etchant. However, due to norr-uniformly
of etching and/or defects of the backside etching mask 12, it is not
unusual , when the etchi ngFIBLDQFSEHE INVENGIANt 0 its end, for the etchant to

| eak through perforations in the wafer (such as 15) to attack the front
side (see 16). There is, therefore, a need in the bulk wet etching art to
be abl e to enJhbe dnventioro rdigtes ta tiengeneral ffigldnoft pictpgtectadnios witha karjeulaur ot ect i on.
A nunber of nethods and apparatuses have been invented to inplenment wet

et chi ng ofefaencedoioming thinmembranesiisig coffesive alehes. | ncor porate various etch
stop nechanisns, but little attention has been paid to the protection of
wafers in case of | eakage. Two typical techniques to prevent wafers from
bei ng attacked by etchant | eakage are | eakage detection and front side
coati-ng with etch resistant materials. Leakage Sgt ion. This nethod uses

el ectrodes or sensors to detect the presence of any al kaline etchant on the
wafer front side. Once a leak is detected, the etching process is

i medi ately aborted. Ho found that |eaks start
fromtiny pin holes andm@“ggﬁ'gb @ft‘aﬁw&ﬁe waf er front side through
capillary action and surface tenS|on forces. is often too |ate by the
time a sufficient anount of | eakage has occurred to be detected. This has

resul ted in tlipgdnfTowss ARDY, mnk%:adnwm%rmmfnon?hmb&sp Efdsilrigon | 1 nes.

In addition, aborting the etching process each tine a | eakage détector is

tri gger ed a@iMimbhbras @K eB iR BroudhiHole8 i diliceh watdd 11 bysdisingd hovalkaiinebr eakage.

Front side coating In this approach, the wafer front side is coated with
mat eri al biehénti13, sash &8 KOH, TMAH {®treinethpindmmabiune hydrddidedt EDP (@hyisnecess, this
coating is renoved usi ng an appropriate solvent. Typical coating materials
are wax- bdamhelpytocatechol)y@tz.- lrathisgrovass: tHeavalerimuiside;, whare vanisus dbvitesar e

i nconpatible with device processing or with the devices thensel ves and are
t her ef or e andfor piequits 117 cate ilopatedDeust heoisalate dromeaarmesntact wilh iiye efgeentene, t he

solvent for renoval of black wax, arzlant be used in nbst countri es because
it is 2 However, due to non-uniformity of etching defects of the backside etching mask 12,

it is not unusual, when the etching process is close o its end, for the etchant to leak
through perforations in the wafer (such as 15) to attack the front side (see 16). There is,
therefore, a need in the bulk wet etching art to be able to ensure not only etching

uniformity but also leakage protection.
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hazardous to human heal th. Additional disadvantages reside in their
cunbersone coating and renoval processing. Furthernore, the coverage

provi ded by the wax coating tends to be inadequate when the wafer front
side i-s non-planar, containing stepped |layers of different heights. In

t hese cases, the | eaked etchant can still spread out and attack the devices
covered by the wax coating through undercutting . A routine search of the
prior art was perforned with the follow ng references of interest being

f d: In US 5,879,572, Fol t . t d while US

5, 338, 416 (M Baumber g '!‘?*"84?2%%1 %W@%égg‘\évﬁ @??Rﬂb@eﬁ@é?%%ﬁ% nUS

6, 025, 278, sh .a _bul k etch : gmgé infechitigis, th

presence ﬁ@%ﬁﬁﬁf“"%’sﬂMﬁguf"?‘%ﬁ\osgfh%@%wvm e;e&#ws&#:)m Tore 'ang used to

t 1 nat Lhi - 1. M : h t

achi evea. DBYEARRER s Bopdd L8 drfieith B e e I o cuigh (e

e d 01 : O . . AT h

a1 er anchueq BelERE By BGR Ri ety 3ol B fort BB R BB L0 ot

above, Roff;g“%g LSd frsHt si Q?d%ﬁ%@thgﬁﬂ?&ts’téﬁf‘m%ﬁls-a”d provi des no protection
PRE € 0 aka

to deviceg'et vén ge. In the present invention the inert
liquid (DI water) will dilute and renpbve any etchant | eak so that devices
are protected during the brief period between | eakage detection and

termnation Oiga%gmmﬁms*me&ﬂd&&%amdeémehmmdammpml i qui ds
or

wi | | exchange an m x at the end of wafer etching, whereas in the

present i gyghy AlR&link Mchhion thelwiatis franiesidn dincé ladsalois deteetedathe etcbingf ace f or
etching uniformty and | eakage protection. * In Rotfson, the two |iquids

may be st pgRgdts iedisiery abotethidoweves évyradtios,dtis found thatleaksstartfomctid be re- used
since the inert liquid does not enter the etchant in case of |eakage. * In
Rot f son, pki lidiey ard graduily spredskover theawhfer frnk side dyoush cgpliantiagion andher eby
changing their properties. * In the present invention, liquids in the two
chanber s Isaaseitensiopdorcesntt isfaftgntqodata by tedimeshpliciant araountof &35 n the same

ressure on opposite sides of a wafer. This is .not, true f he. Rot f son
ipnve nti on _ocwrrpe)gto be detected. This has resulted in the-ll-oss?scrappmg ofa num%er 8‘r wa“ers in

production lines. In addition, aborting the etching process each time a leakage detector

is triggered can bring operational difficulties and risks of wafer breakage.

Front side coating. In this approach, the wafer front side is coated with material that
is resistant to the etchant. After the etching process, this coating is removed using an
appropriate solvent. Typical coating materials are wax-based but some wax-based
materials have properties that are incompatible with device processing or with the devices
themsslves and are therefore not permitted in a clean room. For example, methyl benzene,

the solvent for removal of black wax, may not be used in most countries because it is



SUMVARY OF THE I NVENTION It has been an object of at |east one enbodi nent
of the present invention to provide an apparatus for etching the bade
surface of a wafer while at the sane tinme preventing any | eakage of etchant
to the-front surface. Mther object. of at | east one enbodi ment of the
present invention has been to detect such | eakage in the unlikely event
that it occurs. 4 Still another object of at | east one enbodi nent of the
present invention has been to ensure uniformetching of said back surface.
A further object of at |east one enbodi ment of the present invention has
been to phazardess tp hymee bealthsAxlditionabdisadvantagas Feside i thair Gumberspmacoglijdect s have
been achi eved by using two chanbers that are s rated from each ot her by
the waf er 8nfhEamdval precepsings ; Ryrtbermors, de; qoyeraen RIPY"E%%V QHEX eqRlRgleRds s i n

contact wit ed water.in the, ot her. chanber

he back f i te dei [ I,
contacts th eha ?ﬂ”%?d‘c yl?egsuzgléév%%ﬁggéréglg??s{}g)rﬁh%@a{,go?}?@g\gapggeq BYSHRE chanber s
i t i th h f , f t hat | k
of ot chaoiterant ieias 15 inesq) el e Bl oSt AR ohf Stbo i bRE BpR ™3 o St o
. As f th i . i det t th tchant i | ted
Tnthe O SRipel coléyee R e Uk oBdlng Irdluraldhal 2 O | 0° S e ore

I rreparabl e damage i s done. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
illustrates how etchant nay | eak onto the front surface of a wafer while

i ts back surfagg, jife D&irdorte iR art Was phfdinedwith Ind341loRirgS rdidiencappar at us of

the present invention.
interest being found:

In US 5,879,572, Folsom et al. show a bulk wet etch method while US 5,338,416
(Micak et al.) shows a related etch process. Rolfson, in US 6,025,278, shows a bulk wet
etch process and apparatus in which the presence of etchant on the front side of the wafer
is monitored and used to terminate etching once etch-through of via holes through the
wafer has been achieved. By definition, no steps can be taken to prevent etch-through (as
is done in the present invention). We note the following significant differences between

this reference and the present invention:

* As noted above, Rolfson is for end-point detection only and provides no protection to
devices in the event of leakage. In the present invention the inert fiquid (DI water) will
dilute and remove any etchant leak so that devices are protected during the brief period

between leakage detection and termination of etching.
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The invention is a novel apparatus
to make the wafer bul k etching process an easy to use, seanl ess and

hassl e-free procedure. In the description that follows the commonly used
KCOH etching process is assuned but it will be realized that the invention
is nore general than that and could be applied to any situation where a
material) such as . any sem coductor is to be etched fromone side to form
etch-through holes or very thin nenbranes, while | eaving an opposite side

free of af by the etchant At the heginning of the etching process, hot
KOH sol ut i ﬁé@%&hﬁéﬁ"@ﬂ? 8&‘%“%’%%@?9%8%%#?? ixgtdhe endof si de of
the wafer. Jn order to_have upjform etchi Cross waf er syrface, the
KOH f ow ﬁ‘&%“f‘%r"ﬁ‘%mﬂ@ RIETH F‘&?%‘B{‘g}ﬁt_‘mggf"%f ity ’R@Q on ﬁ\?ﬁ" ej ected
out at sone,speed, in rapdomdi.rections fromits shower head. This turbul ent
flow al sosqﬁgsgf P'ﬁk"@g ”?'&W'ﬁ%&r‘ﬁ%ﬁ’e ‘Ef?teﬁvg'r ogen bubbl es generated by the
etching rg | WIéE A *aﬂkﬂﬁﬁﬁﬂﬁ e . . ocess chanmber
al | ows KCPF@%“%%OM/ éﬂé&@%e ank. %%M@%Eﬁﬁﬁﬁhﬁgg%ﬁiggaﬁ%mﬁhe end
(this can bf.Astd % . j 15 at the sane
tenperature as Hﬁg@%{ tﬁé@%’@qgé%rgog%n%edﬁ%ﬁ%ﬁbget eagél%ﬂ(' osed chanber
on the froptRekidiCndifiortifd GRS reusddSindbaidy bebdnRiinil BerbBy Blshgi turbul ent
such that no air’gﬁﬁgfggjaccunulate an&ﬁéttach to'tﬂg §g#e§m urtface. To
avoi d anyp@peee to fragile parts of the wafer, the water injections from
the showering should not be directed to the wafer. After flushing the wafer
surface) tranhdplasét iWitioh, lighids W tHe GvetHambeshatd inlispdAddrd fidva Ratewadngr 1 ef | ow
tank and then flow back to the hot water tank. To bal ance the pressures on
bot h si desenglerdtives wad @maintainitie suntd ressufe drhappositersides sb@ewafen tinid ibrots! i ght |y

| ower in height that the overflow hole on the process chanber. In addition,
t he wat er triid forthehRalfsdn ineeritiopt at a relatively lowrate so that the pressure
difference to drive the water flowis as | ow as possible. The essence of

t he above schenme is to use dean water to dilute and take away any KOH | eaks
fromthe wafer front side. The purity of water can be nonitored in the
water flaw tank by using a pH neter. Too high a pH value indicates either a
| arge anobunt of KOH | eakage or a contam nated wafer. In either of these
case the etching process should not continue any further. Referring nowto
FIG 2, seen there is a %ﬁﬁﬁ%ﬂi' i he apparatus of the present

i nvention. The heart of the apﬁ% gﬂt§gﬁg€$ﬁ&% e two chanbers 21 and 22 that
are separated fromeach other by silicon wafer 91 so that the letter's bade
surface 23 is part of chanber 21 and its front surface 24 is part of

chanber 22. Smw&&%&anastﬁ,}s@%b&imgmﬁ&e&;%ﬁ&tb%wasn these

chanbers. Generally) wafer 19 w have a di aneter bet ween about 10 and
20 cm and af apgairleTaciching themack saltgustof @ wafebvitlieQt 1@ sdime tind prélentingimy Of

pot assi um hydroxide 13 is stored in tank 27 where it is maintained at a

t enper at uleakigeiofetehard kothe frél sarfede 90 C by heater 26 controll ed by

t hernocoupl e 28. Tank 27 is connected to dunmber 21 through punp 29 path, a
return path being provided by etchant return path 30. The potassi um
hydroxi de solution flow rate is between about 500 and 2,00 scan. The
connect i on fr dwohenpbied of altleastenererehodiment ofithe prasent inentiondaebeandad 31 t hat
emts the potassium hydroxide solution in a direction that is parallel to
back sur f &etectzycihepkage it the Helikely gyent thabit oeouEs i ng. This is a key feature of
the design since it induces turbulence in the KOH solution which in turn
ensures the rapid renoval of any bubRles (primarily hydrogen) that form at
back surface 23. The main source of deionized water is tank 32 which is
mai nt ai ned at a tenperature between about 60 and 90 C by heater 36
controlled by thernocouple 38. Tank 32 is connected to chanber 22 through
punp 39. The connection frompunp 39 into chanber 22 term nates at shower
head 41 that emts deionized water in a direction that is parallel to front
surface 24 while at the sanme tinme rotating. This is also a key feature of
the design since it induces turbulence in the DI water which in turn
ensures the rapid renoval of any bubbles (primarily air) that may form at
front surface 24.



Dei oni zed water | eaves chanber 22 through path 40 but does not return
directly 8 return tank 32. Instead, it is connected to water reflow tank
42 whicth provides the nmeans for introducing a difference in pressure
between the two |iquids that are on opposite sides of the wafer. This is
acconplished by causing liquid in water reflow tank 42 to | eave through

hi gh fl-ow i npedance tube 45 that extends for sone distance into tank 42.

" The hei ght of the KOH sol uti on above the wafer should be from5 to 10 cm

ghe hydr ost al o Bhdiiet dhRaidr af Bast Gk briGidihér B b plebSht 1RbAIon Bk bggme_can be

bal anced by tha el onrzsd water at the wafer surface. This bal ance
is readil i i H$l owering tank 42 relative to 22. A
third inpg°r?‘ﬁﬁ'@r@g@w@@“ﬁgsﬁ?‘%ﬁﬁ% i n chanmber 22 of detector 48 for
pot assi um hydroxi de. White in principle this could be any suitable
detector, in practice it is nost convenient to enploy a pH neter for
detector 48. |AwugREEsHRct ofel BAtiBe iembbdimantiulltredragastimention s besh easur ed by
48 said pH neter exceeds 7. Also shown in FIG 2 are stirrers 51 whose

pur pose i prdvile@fRddces fonidenuith davidppargtusRESULTS: Prior to the adoption of the
process arid apparatus descri bed above, the wafer yield of KOH etching) in
terms of the wafers free fromKCOH | eak attack, varied fromO to 70% After
i npl enentation of the present invention, the wafer yield increased to
10096. 9 A CiwpssticshaiEtionn echidvedbyusingdwe chambersithal arecseganated flomi or art i s
summari zed in TABLE | bel ow. FEATURELEAK DETECTI ONWAX )

COATI NG NEMTIHEIGY the wafef thel/is iolbe pisherh \Riehingsriutianr ik eneschamberin i aextact

renoval noyesnowaf er protectionpaoorfairexcell entprocess int errupttshi ghly

| i kel ynondvibethathaensdrfase while deigpizad walsendhe pthep ghamber contacts the fron

conpl exi t yconpl exsi npl econpl ex .
P ysurfgzlza.a. The relative qurur% pressures in the chambers is arranged to be equal in the

chamber of the front surface so that leakage of etchant through a pin hole from back
surface to front surface does not occur. As a further precaution, a monitor to detect the
etchant is located in the DI water so that, if need be, etching can be terminated before

irreparable damage is done.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates how etchant may leak onto the front surface of a wafer while its

back surface is being etched.



TABLE | 10 CLAIM5 1. An apparatus for wet etching a wafer having front
and back surfaces, conprising: first and second chanbers separated one from
anot her by said wafer whereby said back surface is part of said first
chanber and said front surface is part of said second dianber; in said
first chanber, contacting said back surface at a first pressure, a first,
liquid that etches said wafer; and in said second dunber, a second liquid

| ocated at a height, that does not etch said wafer) contacting said front

f t t hat | ai d first , Whereb
eakage of ot lbeteds iAol Hednleihes) [hrough a pin hole in

said wafer, cannot occur.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention is a novel apparatus to make the wafer bulk efching process an
easy-to use, seamless and hassle-free procedure. In the description that follows the
commonly used KOH etching process is assumed, but it will be realized that the invention
is more general than that and could be applied to any situation where a material, such as .
any semiconductor, is to be etched from one side to form etch-through holes or very thin

membranes, while leaving an opposite side free of attack by the etchant.

At the beginning of the etching process, hot KOH solution is pumped into the
process chamber to etch the back side of the wafer. In order to have uniform etching
across the wafer surface, the KOH flow pattem must be made turbulent. So, the KOH
solution is ejected out at some speed in random directions from its shower head. This
turbulent flow also facilitates rapid removal of hydrogen bubbles generated by the etching
reaction. An overflow hole on the upper part of the process chamber allows KOH to flow
back the KOH tank. When etching is close to the end (this can be estimated from the

eiching rate), hot DI water (at the same temperature as the KOH) starts to be pumped into



2. The apparatus described in claim1 wherein said first pressure can be
bal anced by adjusting said height of the second liquid. 3. The apparatus
described in claim1 wherein said wafer has a di ameter between about 10 and
20 cm 4. The apparatus described in claim1 wherein said wafer has a

t hi ckness between about 0.5 and 0.725 mm 5. An apparatus for wet etching a
silicon wafer having front and bade surfaces, 11 conprising: first and
second chanbers that are separated from each other by said silicon wafer

T o 38 peskipabp et ol e e P IR 8
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any damage to fragile parts of the wafer, the water injections from the showering should
not be directed to the wafer. After flushing the wafer surface, the hot DI water is purged
out through a short tube to the water reflow tank and then flow back to the hot water tank.
To balance the pressures on both sides of the wafer, the outlet of the short tube should
be slightly lower in height that the overflow hole on the process chamber. In addition, the

water flow should be kept at a relatively low rate so that the pressure difference to drive

the water flow is as low as possible.

The essence of the above scheme is fo use clean water to dilute and take away any
KOH leaks from the wafer front side. The purity of water can be monitored in the water
flow tank by using a pH meter. Too high a pH value indicates either a large amount of KOH
leakage or a contaminated wafer. In either of these case the etching process should not

continue any further.

Referring now to FIG. 2, seen there is a schematic diagram of the apparatus of the
present invention. The heart of the apparatus is in the two chambers 21 and 22 that are
separated from each other by silicon wafer 11 so that the latter’s back surface 23 is part
of chamber 21 and its front surface 24 is part of chamber 22. Seals 25 serve to prevent

liquid from flowing between these chambers. Generally, wafer 11 will have a diameter



said first tank being connected to said first chanber through a first
punpi ng path and directly connected to said first chanber through an
etchant return path; a second tank containing deionized water naintained at
a second tenperature; said second tank being connected to said second
chanber through a second punping path; said second chanber being directly
connected to a water reflow tank which is connected and to said second tank
through a water return path; means for introducing a balance in pressure

between |iquid contacting said back surface and |iquid contacting said
front surqegﬁ%e,” aha 1Pﬁ"§§88’“§§€6r§'&!°‘ﬂ'ﬂ?&i@r“ﬂ"ee§ %t@cﬁ‘g}do&z MBt assi um

hydr oxi de. 6. The apparatus described in clains 5 wherein said neans for
introducing a difference in pressure between liquid contacting said back

surtece and | M ERBPRAASAIRAERS BT HAR e e es oon 1o
a temperature between about 60 and 90 °C by heater 26 controlled by thermocouple 28.
Tank 27 is connected to chamber 21 through pump 29 path, a return path being provided
by etchant retum path 30. The potassium hydroxide solution flow rate is between about
500 and 2,00 sccm. The connection from pump 29 into chamber 21 terminates at shower
head 31 that emits the potassium hydroxide solution in a direction that is parallel to back
surface 23 while at the same time rotating. This is a key feature of the design since it
induces turbulence in the KOH solution which in tum ensures the rapid removal of any

bubbles (primarily hydrogen) that form at back surface 23.

The main source of deionized water is tank 32 which is maintained at a temperature
between about 60 and 90 °C by heater 36 controlled by thermocouple 38. Tank 32 is
connected to chamber 22 through pump 39. The connection from pump 39 into chamber
22 terminates at shower head 41 that emits deionized water in a direction that is parallel
to front surface 24 while at the same time rotating. This is also a key feature of the design
since it induces turbulence in the DI water which in tum ensures the rapid removal of any

bubbles (primarily air) that may form at front surface 24.

Deionized water leaves chamber 22 through path 40 but does not return directly



to water—height in said second chanber. 7. The apparatus described in claim
5 wherein said detector of potassiumhydroxide is a pH neter. 8. The
apparatus described in claim5 wherein said first punping path term nates
i nside-said first chanber at a shower head that emts potassi um hydroxide
solution in a direction that is parallel to said back surface. 9. The
appar atus described in claim8 wherein said shower head rotates while it
enm ts potassi um hydroxide solution into said first chanber, thereby

i nduci ng turbul ence. 10. The apparatus described in claim 5 wherein said
second purainignivda. Hnsteadnit in senasctodhigwatersefiow taRicZ whichenipides dhe meagRower head
that emts deionized water in a direction that is parallel to said front
surface. forintradysing g giferancedn BresiFq Q?é@?mﬁ‘wal"ﬁh"‘iﬁ)‘hm o ePrositeFid®ioner head
rotates while it emts dei on| zed water into said second chamber, thereby

i nduci ng PUShBYalerc dhisiis acepme '%ﬂ?ﬂé’ﬂé’?ﬁ%”%'&‘tdr'Pb‘@éFﬁ“?ﬂ%Itﬁ“Wﬁ% feFveher
conpri si ngﬂ%q% G¢tion hav &“8?%??3 \év&érm:)?g%gg‘gdls&me mg t\é\ﬁ(’t&r _ﬁ_‘ef | ow pat h

to reduce
height of the KOH solution above the wafer should be from 5 to 10 ecm. The hydrostatic

pressure of the KOH solution at the wafer surface can be balanced by that of the
deionized water at the wafer surface. This balance is readily accomplished by raising or

lowering tank 42 relative to 22.

A third important feature is the presence in chamber 22 of detector 48 for potassium
hydroxide. While in principle this could be any suitable detectar, in practice it is most
convenient to employ a pH meter for detector 48. In general, etching is terminated when-

ever the pH measured by 48 said pH meter exceeds 7.

Also shown in FIG. 2 are stirrers 51 whose purpose is to create uniform heating.

RESULTS:
Prior to the adoption of the process and apparatus described above, the wafer yield
of KOH etching, in terms of the wafers free from KOH leak attack, varied from 0 to 70%.

After implementation of the present invention, the wafer yield increased to 100%.



13. The apparatus described in claim5 wherein said first tenperature is
bet ween about 60 and 90 C. 14. The apparatus described in claim5 wherein
said second tenperature is between about 60 and 90 C. 15. The apparatus
described in claim5 wherein deionized water flows into and out of said
first chanber at a flow rate of between about 10 and 100 sccm 16. A process
for wet- etching a wafer having front and back surfaces, conprising: at a
first pressure) contacting said back surface with a first liquid that
etches said wafer, at a second pressure that is equal to said first
pressure, contEPTPR)isen Patwepn e rEpsentipyentipn andithe REQS AR 1P SYMENZeAlt does not
etch saidaﬁgiéﬁ%awhereby | eakage of said first liquid to said front surface
does not VOSAY et ching said wafer for a period of time without any
part of said front surface getting etched. 17 . The process described in
claim16 wherein said wafer is a sem conductor 18. The process described in

claim16 y freter—hetweern s
FEATURE LEAK DETECTION | WAX COATING INVENTION
Closed flow ckt. yes no yos
Leak sensors yes yes no
wax removal no yes no
wafer protection poor fair excellent
process interrupts highly likely no no
operational ease clumsy clumsy easy
system complexity complex simple complex
TABLE |
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about 10 and 20 cm 19. The process described in claim 18 wherein said

waf er has thickness between about 0.5 and 0.725 nm 20. The process
described in claim 16 wherein said first pressure can be bal anced by said
second pressure. 21. A process for wet etching a silicon wafer having front
and back surtaxes, conprising: providing first and second chanbers that are
separdted from each other by said silicon wafer whereby said back surface
is part of said first chanber an@L&EMSd front surface is part of said second

Eﬂgﬁiﬁ <, cauk o83 AR =P bevh i OB RS SoRBIEET 0T
parall o Lo ot g ot Hefuds Sopitie e kBnirairty SSHATRT wnolely &l Cr) ' "

o e gk B, M RSSO, i Sk Loig eV o
chamber;
in said first chamber, contacting said back surface at a first pressure, a first liquid
that etches said wafer; and
in sald second chamber, a second liquid located at a height, that does not etch said
wafer, contacting said front surface at a second pressure that equals said first pressure,
whereby leakage of said first liquid to said front surface, through a pin hole in said wafer,

cannot aceur.

2. The apparatus described in claim 1 wherein said first pressure can be balanced by

adjusting said height of the second liquid.

3. The apparatus described in claim 1 wherein said wafer has a diameter between

about 10 and 20 cm.

4, The apparatus described in claim 1 wherein said wafer has a thickness between

about 0.5 and 0.725 mm.

5. An apparatus for wet etching a silicon wafer having front and back surfaces,

11



causi ng deioni zed water, at a second tenperature and pressure, to flowinto
and out of said second chanber in a direction parallel to said front
surface through a rotating shower head, whereby turbulence is induced in
sai d dei oni zed water thereby renoving 15 any bubbles that may form on
said front surface; nonitoring deionized water in said second chanber for

t he presence of potassium hydroxide; and etching said bade surface for a
period of time that is insufficient for said potassi um hydroxi de sol ution
to etch a&*ﬂﬁ@ﬁ way through any part of said silicon wafer. 22. The process
described 1n claim21 wherein said solution of potassium hydroxi de has a

concent r at | 0N {RE4NNREENE BRNbeRARA B SARYREHoRE Yiher BPsaid BiccRwaf? descr i bed

in claim?2l wherein said first tenperature 1s between about 60 and 90 C.

24. The DyR&BBY s4l@ Badk sofge i@gshadsad%#st\mghsér%néaéialfr&ﬂ_%eﬁ&eti@mwfat ure is
bet ween about 60 aid 90 C. 25. The process described in claim21 wherein

the step gdid 5&dhd &ldnib@r;dei oni zed water in said second chanber for the
presence of potassium hydroxi de further conprises

seals to prevent liquid from flowing between said chambers;

a first tank containing a solution of potassium hydroxide maintained at a first
temperature;

said first tank being connected to said first chamber through a first pumping path
and directly connected to said first chamber through an etchant return path;

a second tank containing deionized water maintained at a second temperature;

said second tank being connected {o said second chamber through a second
pumping path;

said second chamber being directly connected to a water reflow tank which is
connected and to said second tank through a water retumn path;

means for introducing a balance in pressure between liquid contacting said back
surface and liquid contacting said front surface; and

in said second chamber, a detector of potassium hydroxide.

6. The apparatus described in claim 5 wherein said means for introducing a difference
in pressure between liquid contacting said back surface and liquid contacting said front

surface further comprises means to control water height in said water reflow tank relative
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measuring the pH 26. The process described in claim?25 further conprising
termnating etching when said pH exceeds ~. 16 '
A& Ay AL A A[SY. A{.A.A A A[. Ay2. AFE. ASI . AL A {. A hAXQ26{

pVzt oi d*XU] caU] ca] caU] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a
] ca] cMa] ca] cTa] ca] ca] ca] ca] calcalca]lcTa #' OFHKMZ_c

Ut$x &} &&) +K, P, . 0_0gl~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] ca] caU] ca] ca] ca! g1l 111222233333T4

445} 555
?777}5888388%}e?héﬁht “'\'(faci? f'?:é‘] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca)] ca]calca]calc

a] ca] ca] ca] ca] ca] ca] ca] caU] ca]cal]ca] ca]cajca]cal 999" : f::: & };
; 1<7<_<<<) ==D>>2?f ?2?7Q@N@a]" AABcBj BBCFC} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca]ca]ca] ca

] ca ca] caj ca] T spkehk @ai@BiE Rl & Wherltsdicadteutdr oPpatadsiua] tedjoriag ca] cal ca! FC
CCCBDHD\ DDD. EEE4FTFFFMSGGAHHHH( | x1 11 - JJKK&L8LL} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca

] ca] ca] cakegpHandteér] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca! LLLBDHD\ DDD. EEE4AFTFFFMGGGAHHHH( | x1 11 - JJKK&L8LL} xsnid_Z] c]] ca]ca]ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] cal] ca] caAXQ K- "10% u& ()-s' Y

10% u&' ()8.10%dbeapparatid descabed in T hawerein said first pumping path terminates

10% u&' () - #&10% u& () - R3456{rP 10% u& ()-!Z210%z& ()-f!Syl0%z& ()- 10SuSu
10SuSu 10isside sdd il Jumbeud 'a(showerhead thal erits potassium hydroxide solution in a

direction that is parallel to said back surface.

9. The apparatus described in claim 8 wherein said shower head rotates while it emits

potassium hydroxide solution into said first chamber, thereby inducing turbulencs.

10. The apparatus described in claim 5 wherein said second pumping path terminates
inside said second chamber at a shower head that emits deionized water in a direction that

is parallel to said front surface.

11. The apparatus described in claim 10 wherein said shower head rotates while it

emits deionized water into said second chamber, thereby inducing turbulence.

12. The apparatus described in claim 5 further comprising a section having high flow

impadance in said water reflow path to reduce deionized water flow rate.

13



p~_ @ 10% 3310%0&' ()-s@0%0& ()- 10%0& ()- 10z 10z 10zF010%z& ()-!'t
$10%z& ()-F xnmbC.10940% u& ()- 100 100 100 31t 10%0&" () -3( 109 () -
10908 () -
mMO%O& () - Fa?nbC 10% fy, 10% u-u& ()-!p%0% u-u& ()-9!'10% u& ()-10% u& ()-10
% u& ()-10% u& ()-FH JKMY: "
Y(10%0& ()-!\10%00& ()-! NL1O%OO&' () -!\S10%008 ()- 10-u 10-u 10-u
110% u& ()-2\]1" ~ ="1pnml0%g& ()-F
13. The appanatus described in claim 5 wherein said first temperature is between about

60 and 90 °C.

14, The apparatus described in claim § wherein said second temperature is between

about 60 and 90 °C.

15.  The apparatus described in claim 5 wherein deionized water flows into and out of

said first chamber at a flow rate of betwaen about 10 and 10Q scem.

16. A process for wet etching a wafer having front and back surfaces, comprising:

at a first pressure, contacting said back surface with a first liquid that etches said
wafer;

at a second pressure that is equal to said first pressure, contacting said front
surface with a second liquid that does not etch said wafer, whereby leakage of said first
liquid to said front surface does not occur, and

etching said wafer for a period of time without any part of said front surface getting

etched.

17. The process described in claim 16 wherein said wafer is a semiconductor.

18. The process described in claim 16 wherein said wafer has a diameter between
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S3109g& ()-10%g& ()- 100 100 100 010%0& ()- ! pF, 10900& ()-c e f g h

UHSX&-\ ;1 K&LOY& ()-f!pl0Y%& ()- @ 109% ()- 10g 10g

10g110%& () - ! k& 10%gg& () - x&z & &| &) &&) +K, ~\ = 1 9Y. Z109T& ()-!al 109aT& ()-!f
s1090T& ()- 109F& ()- 10 10 100s10%& ()-K, M N, O P,.0_00~ > ! f

(109& ()-ss, #10% u& ()-!f10% u-u& ()-s10% u& ()-S 10T 10T 10T

1t 10967& () - Ogli 1j 1k1l 1111bC ! ; 109%& ()-[ 109%& ()-S10%& () -

about 10 and 20 cm.

19.  The process described in claim 16 wherein said wafer has thickness between about

0.5 and 0.725 mm.

20. The process described in claim 16 wherein said first pressure can be balanced by

sald second pressure.

21. A process for wet elching a silicon wafer having front and back surfaces,
comprising:

providing first and second chambers that are separated from each other by said
silicon wafer whereby said back surface is part of said first chamber and said front surface
is part of said second chamber;

providing seals that prevent liquid from flowing between said chambers;

causing a solution of potassium hydroxide, at a first temperature and pressure, to
flow into and out of said first chamber, in a direction parallel to said back surface through
a rotating shower head, whereby turbulence is induced in said potassium hydroxide
solution thereby removing from said back surface any bubbles that may form there;

causing deionized water, at a second temperature and pressure, to flow into and
out of said second chamber in a direction parallel to said front surface through a rotating

shower head, whereby turbulence is induced in said deionized water thereby removing
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in said second chamber for the presence of potassium hydroxide further comprises

measuring the pH.

26. The process described in claim 25 further comprising terminating etching when said

pH exceeds 7.
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